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ABSTRACT 

A STUDY OF THE PRACTICAL FIELD ESTABLISHMENT OF TARAXACUM KOK-

SAGHYZ FROM SEED 

 

Ali Moussavi                                                                                                     Advisor: 

University of Guelph, 2015                                                                               Dr. R. C. Van Acker 

 

Taraxacum kok-saghyz (L. E. Rodin) (TKS), also called Russia dandelion, is a potential source 

of natural rubber. One key challenge to commercial production of TKS is seed establishment in 

the field. Four experiments were conducted to explore the potential for TKS field establishment. 

Based on 97% ±0.5 mean germination, our non-dormant seedlot was fit for the field experiments. 

Two years of field experiments at two sites showed very low recruitment regardless of 

treatments. The best recruitment was 14.8%. Seedlings mostly emerged within 3 to 6 weeks after 

seeding. TKS seedlings recruit best if planted at or near soil surface under warmer (but not hot) 

temperatures (<25
 o
C) and in light soils. Using mulch is recommended for TKS field 

establishment to protect seeds and to control soil temperature and prevent seedlings drying out. 

Overall, the results of our study suggest that growing TKS from seed in the field remains a 

challenge. 
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Chapter 1 – Introduction 

   Taraxacum kok-saghyz (L. E. Rodin) (TKS) is commonly referred to as Russian Dandelion. It 

is a simple perennial well suited to all soil types and the original habitat for TKS is the 

mountains of Tian-Shan (Kazakhstan).  After its discovery, the importance of natural rubber in 

its roots (around 20%) was quickly realized, and scientists recognized that TKS could be a key 

global source of natural rubber (Volis et al. 2009). Van Beilen and Poirier (2007) reported that 

TKS was selected by the Russians as the most promising source of natural rubber from amongst 

1100 plant species. Volis et al. (2009) noted that because of the strategic role of TKS as a natural 

rubber source for the Soviet Union (USSR), Ukraine and Belorussia were the sites of cultivation 

experiments in the 1940's.  During World War II, interest in TKS increased significantly because 

of fears over limited access to petroleum. Most efforts revolved around rubber sources that could 

be farmed. Whaley (1944) noted that as little as two years of trials showed that TKS could be 

grown and developed in a range of regions of the US. He also noted that by solving some 

agronomic and adaption challenges TKS could be grown broadly and could then be used as a 

reliable and significant source of rubber to cover US requirements. More recently there has been 

renewed interest in TKS as a natural rubber source because of rising petroleum prices, threats to 

other natural rubbers sources and the high quality of TKS natural rubber. However, Van Beilen 

and Poirier (2007) noted that the planting (establishment) and growing of TKS could be 

expensive, in particular in part because it is such a small seeded species. The commercial and 

broad-scale cultivation of TKS remains a challenge, for a number of reasons not least of which 

are the challenges in establishing TKS in the field either as a transplant, or more practically, 

directly from seed. There are various factors that affect TKS’s seed germination including the 

innate ability of TKS’s seeds to germinate, moisture conditions, the optimum temperature for 
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germination and the optimum seed depth in the soil. The general objective of this study is to 

explore techniques for achieving greater success rates for the establishment of TKS from seed in 

the field including watering regimes, seeding depth and the use of mulches. The results from this 

study will help to make commercial production of TKS possible. It is hypothesized that 

optimizing soil moisture conditions for seed placed at or near the soil surface will lead to the 

highest proportional germination and establishment of TKS under field conditions. 
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Chapter 2 - Literature review 

2.1 The history of Taraxacum kok-saghyz (TKS) 

   Taraxacum kok-saghyz (TKS) is a member of the Asteraceae or Compositae family and is 

commonly referred to as Russian Dandelion, Rubber Dandelion or TKS. Rodin (n.d.) confirmed 

that TKS is a simple perennial which typically grows to a height of 30cm. It flowers from May to 

June producing seeds which mature from June to July. Flowers are hermaphroditic. TKS can be 

cross pollinated by insects or it can self-fertilize because it is self-fertile. It is well suited to all 

soil types (Rodin n.d.). The original habitat for TKS is high mountain regions. Van Beilen and 

Poirier (2007) reported that TKS was first discovered in the mountains of Tian-Shan 

(Kazakhstan) in 1931-32 by Russian scientists prospecting for plants that could be a source of 

natural rubber. Volis et al. (2009) argued that at the time that TKS was first discovered, it 

occupied only 8000 km
2
 of Kazakhstan’s land area. After its discovery, the importance of natural 

rubber in its roots (around 20%) was quickly realized, and scientists recognized that TKS could 

be a key global source of natural rubber (Volis et al. 2009). Lipshits (1953) reported on the 

discovery of TKS characterizing it as a perennial weed which could grow to a height of 4-30cm 

and that it was found at altitudes of 1800-2100m in several valleys of the Alatau mountain region 

(Kazakhstan), where the annual rainfall is 350 to 400mm. Average temperature during July-

August at this region is 12 to 17 
o
C and during January and February ranges from -12 to -18 

o
C 

(Lipshits 1953). Whaley (1944), confirmed that TKS was first discovered at altitudes of 1800-

2100m in regions where average temperatures range from -18 to +15 
o
C. Neiman (1951) reported 

that TKS can grow in a variety of soils including soils with high salt levels. Volis et al. (2009) 

reported that TKS usually flowers in its second year, but can flower in its first year if soil and 

weather conditions are optimal. Lipshits (1953) confirmed that TKS can grow in salty soils 
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where salt levels fluctuated between 0.1 to 6 percent. TKS is a diploid (2n=16) mainly an 

outcrossing species. In the wild, TKS is pollinated by thrips and beetles. It is a simple perennial 

spreading by seed only, but it has been shown to regenerate itself from root fragments when the 

root is damaged. On average, there are 50 to 60 seeds produced per inflorescence and the number 

of inflorescence per plant can be as high as 5 to 9 (see Figure 2.1). TKS seeds are very small, 

2900-3100 seeds per gram (see figure 2.2) (Lipshits 1953). Van Beilen and Poirier (2007) 

reported that TKS was selected by the Russians as the most promising source of natural rubber 

from amongst 1100 plant species. Volis et al. (2009) noted that because of the strategic role of 

TKS as a natural rubber source for the former Soviet Union (USSR), Ukraine and Belarus were 

the sites of cultivation experiments in the 1940's because of their high quality and fertile soils 

and good reliable rainfall levels.  

  

Figure 2.1 A single TKS plant                    Figure 2.2 TKS seed size  

2.2 Russian Dandelion and World War II    

   During World War II, interest in TKS increased significantly because of fears over limits of 

access to petroleum which might limit the production of synthetic rubber required in the war 
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effort. As a result, most of the countries at war started efforts to develop new sources of natural 

rubber. Most efforts revolved around rubber sources that could be farmed. Most of these efforts 

converged on TKS as having the greatest potential. Meyer (1945) reported that TKS plants were 

first brought to the United States (US) in May 1942. There were many projects and plans to plant 

and develop TKS to supply US rubber needs. Whaley (1944) noted that as little as two years of 

trials showed that TKS could be grown and developed in a range of regions of the US. He also 

noted that by solving some agronomic and adaption challenges TKS could be grown broadly and 

could then be used as a reliable and significant source of rubber to cover US requirements. 

Beyond the US, other countries also investigated the cultivation of TKS. Van Beilen and Poirier 

(2007) noted that in the United Kingdom (UK), Germany (Heim, 2003), Sweden, Spain and 

other countries (Polhamus, 1962) there were efforts to produce rubber from TKS during the 

period of the Second World War.  

   After World War II, interest in TKS declined because global petroleum trade was no longer 

threatened and processing of TKS was more expensive as a source of rubber than petroleum 

based synthetic rubber. Van Beilen and Poirier (2007) noted that the planting (establishment) and 

growing of TKS could be expensive, in particular in part because it is such a small seeded 

species. Interest also declined in TKS as a source of natural rubber because there was renewed 

access to other natural rubber sources including Hevea brasiliensis (Kunth. Muell) after World 

War II. As a result, many countries lost interest in TKS. Only in the USSR did cultivation 

attempts continue into the 1950’s (Van Beilen and Poirier 2007).  
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2.3 Demand for TKS as a natural rubber source                  

   Today, there has been a renewed interest in natural rubber in part because of recent sharp 

increases in the price of oil (Figure 2-3). Despite more recent declines in oil price there continues 

to be an interest in TKS as a source of rubber because there is an increasing interest in sourcing 

industrial materials from renewable sources. Silva et al. (2012) reported that natural rubber is a 

significant source of rubber that comes from renewable platforms. In addition, natural source 

rubber has been used by several industries to produce industrial and medical products (Figure 2-

4). In addition to sustainable sourcing, a key benefit of natural rubber is its molecular weight 

[i.e., >1000 kilo Daltons (kDa) or 100 kilograms per mole (kg/mol)]. This characteristic of 

natural rubber makes it valuable for many applications and this quality cannot be matched by 

synthetic rubbers (Silva at al. 2012). 

  

Figure 2.3 Production and price of oil from 1998-2012                               

(http://ourfiniteworld.com/2013/04/21/low-oil-prices-lead-to-economic-peak-oil/).                                                                                                
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Figure 2.4. Some types of medical products that are made using natural rubber. 

  

   For many years the only significant source of natural rubber was the rubber tree H. brasiliensis 

(Munt et al. 2012). Although this tree produces a good amount of rubber and it serves current 

global demand, there are challenges to expanded cultivation. H.brasiliensis is constantly 

threatened by diseases that affect rubber yield and stand longevity (Munt et al. 2012). The most 

important fungal disease in this regard is called South American Leaf Blight (SALB) (Figure 2-

5). The disease was first discovered in the jungles of South America which is why it is named 

South American Leaf Blight. The disease is also found in South-East Asia, where there is also 

significant cultivation of Hevea rubber trees. SALB raises significant concerns about relying on 

Hevea trees as the primary and perhaps only significant current source of natural rubber. Munt et 

al. (2012) reported that almost all natural rubber that is used by industry comes from this single 

tree species.  
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Figure 2.5. Evidence of the effects of South American Leaf Blight (SALB), a threat to natural 

rubber demand. 

   Van Belien and Poirier (2007) highlighted the fungal pathogen threat, Microsylus ulei (the 

cause of SALB) that has the potential to be a serious threat to Hevea rubber trees especially in 

south east Asia.  In addition to the threat of disease to this species, there are other limitations of 

H.brasiliensis. It is slow-growing, adapted just to tropical areas, and a substantive percentage of 

the world’s population has allergic reactions to rubber from this tree. Van Beilen and Poirier 

(2007) reported that allergic reactions to Hevea based rubber can be dangerous when it is used in 

medical products. They also confirm that 6% of the population may have allergic reactions to 

latex developed from this natural rubber source. Munt et al. (2012) corroborate this assessment 

noting that one of the major restrictions for the use of H. brasiliensis derived rubber is that 

approximately 5% of the world’s population is allergic to Heavea and the main source of the 

allergenicity  is the latex extracted from the plant (Munt et al. 2012). There is concern that Hevea 
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trees may not be a reliable source for natural rubber, especially if demand for natural sourced 

rubber is increasing.  

   With rising cost of petroleum driven by increasing demands for petroleum for fuel there is 

pressure on the use of petroleum for synthesizing products other than rubber. The vast majority 

of petroleum is now being used for fuel. According to the U.S Energy Information 

Administration (EIA) (2014), “In 2014, the United States consumed a total of 6.95 billion barrels 

of petroleum products, an average of 19.05 million barrels per day.2 This total includes about 

0.34 billion barrels of biofuels”. Van Beilen and Poirier (2007) reported that more than 40,000 

products are made from or include natural rubber, including more than 400 medical tools, 

surgical gloves, aircraft tires and thousands of engineered products. To cover this demand, 

industries need mega tons of natural rubber per year. Whaley (1944) noted that large amounts of 

natural rubber are needed to mix with synthetic rubber to produce large size tires including truck 

and bus tires, and several industrial tire manufacturers are asking for more natural rubber to 

cover their requirements. This points to the importance of a reliable natural rubber source and 

demand increases every year. Van Beilen and Poirier (2007) noted that from the 1970’s until 

recent years, the use of natural rubber has increased from 30% to 40% of all rubber used. 

Approximately 90% of natural rubber is produced in Asia, particularly in Malaysia followed by 

Thailand and Indonesia. India and China have a rapidly increasing demand for rubber both 

petroleum based (synthetic) and natural (Van Beilen and Poirier 2007).  Their demand for natural 

rubber is increasing more rapidly than their demand for synthetic rubber. Van Beilen and Poirier 

(2007) reported that the importance of renewable materials to produce rubber has increased for 

many industries; the main reasons being a desire for sustainability and limited accessibility to 

petroleum. At the same time, many rubber tree jungles in south East Asia are being converted to 
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the production of food products including the development of more palm plantations. Van Beilen 

and Poirier (2007) noted that several rubber tree fields are being replaced by palm-oil plantations 

because of the new demand for biofuel. In addition, extracting latex from Hevea trees is an 

increasingly expensive process that many plantation owners are beginning to consider as a key 

factor in terms of conversion to non-rubber plantations (Van Beilen and Poirier 2007).  

     All of these conditions create increasing demand for an alternate and reliable source of natural 

rubber, and as was the case in the World War II era, many species are being considered as 

possible source. Van Beilen and Poirier (2007) reported that more than eight botanical families, 

300 genera and 2500 species have been monitored and tested for their suitability as natural 

rubber crops. Only two species showed great promise; a shrub named Guayule (Parthenium 

argentatum Gray) and Russian Dandelion (Van Beilen and Poirier 2007). The ideal rubber crop 

species would be a fast growing annual that produces large amounts of biomass with high levels 

of rubber. Van Beilen and Poirier (2007) noted that Russian dandelion is ideal in this regard; it 

can be cultivated as a fast growing annual (even though it is a perennial), and it has the potential 

to produce economic levels of latex. It is possible to produce rubber from TKS in as little as six 

months. Some of the challenges in using TKS as a natural rubber source include the fact that it 

can contain some level of allergens. However TKS latex would be very suited to non-medical 

uses and typical industrial uses include tire production. TKS also contains inulin which is 

valuable molecule and could add value as a co-product of TKS processing. Inulin has value for 

the food industry as a beneficial fiber. The remaining waste of TKS processing may be suitable 

for bioethanol and biogas production (Van Beilen and Poirier 2007). 

     From 1932 when TKS was first discovered as a possible natural source until now there have 

been a multitude of trials worldwide investigating the potential for cultivating TKS 
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commercially. Borthwick et al. (1943) noted that TKS was first brought to both the US and 

Canada because of climate similarities with its place of origin. Currently the rubber industry in 

both developed and developing countries require large and increasing amounts of natural rubber. 

Munt et al. (2012) reported that to meet global rubber demand in the rapid industrialization 

period before World War II, the production of rubber increased by more than 4000-fold between 

1840 and 1939. They also noted that today’s rubber production is more than 10 million tons 

annually. This data supports the demand proposition for TKS. However, the commercial and 

broad-scale cultivation of TKS remains a challenge, for a number of reasons not least of which 

are the challenges in establishing TKS in the field either as a transplant, or more practically, 

directly from seed. 

     There are various factors that affect TKS’s seed germination and field recruitment including 

the innate ability of TKS’s seeds to germinate, moisture conditions, soil temperature germination 

and seed depth in the soil.  

2.4 Germinability                                                                                                              

   The first requirement for seed germination is seed quality (the ability of the seed to germinate). 

Levitt and Hamm (1943) explained that one of the main reasons that TKS seeds do not germinate 

well is that they are harvested when they are not fully matured (physiologically and 

morphologically). This causes seeds to die in the soil. Levitt and Hamm (1943) introduced a 

method to increase TKS‘s seeds germination rates. One of the best ways to increase seed 

germination rate is wetting seed with a nutrient solution. More than 75% of TKS seeds 

germinated if they were soaked in a KNO3 (0.2%) solution, and approximately 67% of them 

germinated if they were soaked in a NH4NO3 solution (Levitt and Hamm 1943). Steinbauer and 
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Grisby (1957) reported that soaking seeds with KNO3 at 20 to 30 
o
C caused 95-98% of TKS 

seeds to germinate compared to only 50% germination without soaking, even when all other 

germination factors were optimum. Other factors that impact germination of TKS seed include 

temperature and moisture. Volis et al. (2009) reported that if the temperature is between 25 to 30 

o
C and the humidity is around 80%, the result is 26 to 89% germination with an average of 56%. 

TKS seed can display some dormancy due to immaturity. Volis et al. (2009) argued that TKS 

seeds have dormancy when they are fresh from the mother plant. This dormancy (or immaturity) 

can be overcome by keeping seeds below 1
 o
C for at least ten days (Minbaev, 1946, cited in 

Volis et al. 2009) or 20 days at 0 to 2 
o
C (Popzov, 1938, cited in Volis et al. 2009), or two weeks 

at 5 to 10 
o
C (Levitt and Hamm, 1943, cited in Volis et al. 2009).  

2.5 Soil moisture and germination 

   The second requirement for good seed germination in the field is optimum soil moisture. 

Although very dry conditions will affect negatively seed germination, too much water can also 

be damaging to TKS seed. Levitt and Hamm (1943) reported that because TKS seeds are so 

small (up to 4 mm), they need to be planted at very shallow depths in the soil. These seeds need 

constantly wet soil during the few days after sowing to get acceptable seed germination and 

seedling recruitment levels (Levitt and Hamm 1943). Acosta et al. (2012) reported that the 

germination of small seeds is optimal when soil moisture levels are higher. Jong et al. (1979) 

noted that the water potential in the soil is known to be a prime determinant of weed seed 

germination success because it affects the mechanical pressure of the soil, the aeration and 

hydraulic strength of the soil, and the “area of seed-water contact”. Maintaining optimum soil 

moisture is significant for TKS seed germination and seedling recruitment. One common 

strategy for keeping seeds in moist soil is to plant them deeper, but this is not a viable strategy 
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for TKS because TKS seedlings cannot emerge when the seed are planted deeper than 2 cm (as 

per Bond et al. 2012).  

2.6 Germination response to temperature 

   The third factor for TKS seeds germination is soil temperature at sowing time. TKS seeds have 

an optimum germination temperature as well as a base germination temperature. Previous studies 

have shown that TKS seed germinates best at moderate temperatures. Whaley (1944) reported 

that moderate climates in the US would be best suited for TKS cultivation, avoiding cold and hot 

regions. This would include temperate regions in southern Canada. Nandula et al. (2006) 

highlighted that the best temperature for most small seeds to germinate is 24
 o
C /20

 o
C day/night. 

They also explained that the maximum germination of small seeds occurs in the fall (September 

to October) and spring (April to May). Acosta et al. (2012) noted that the ideal temperature for 

another small seed perennial (Gomphrena perennis L.) to germinate is 15 to 20 
o
C. G. perennis 

seed germinated best at either of two temperature ranges: 10 to 20
 o
C (90%) and 15 to 25 

o
C 

(92%) (Acosta et al. 2012). Steinbauer and Grisby (1957) noted that for most weed seeds, the 

preferred germination temperature range is 20 to 30 
o
C. They also reported that most seeds 

germinate better when daily temperature fluctuates rather than a fixed temperature regime. Volis 

et al. (2009) reported that the optimum temperature for TKS seed to germinate is 25-30 
o
C with 

relative humidity at 80%. Average temperature in the Aladau Mountains (Kazakhstan) during 

July-August is 12 to 17 
o
C, and during January-February is -12 to -18 

o
C (Volis et al. 2009). Luo 

and Cardina (2010) tested the effects of environmental factors (humidity, photoperiod and 

temperature) on the germination of seeds of three Taraxacum species including TKS. They 

reported that all three species had germination levels of more than 80% in low (5 to 15 
o
C) and 
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mid (15 to 25 
o
C) temperature ranges but that germination fell at the high (25 to 35 

o
C) 

temperature range.    

2.7 Seed depth in the soil and recruitment                                                                                            

   The fourth important factor for weed seed germination is proper depth in the soil. Depending 

on the species, preferred depth of planting in the soil varies. Nandula et al. (2006) argued that big 

seeds generally can be planted deeper. For small seeds; 1) a majority of them need proper light 

for germination and 2) they have small energy reserves. As a result, small seeds typically have to 

be planted at or near the surface of the soil (Nandula et al. 2006). Bond et al. (1999) reported that 

the optimum depth for many small seeded crops is between the surface and 2cm, and 

germination is high if these seeds are soaked prior to seeding or if the soil surface (to the depth 

of 1 cm) is kept constantly moist. Steinbauer et al. (1957) also supported the point that for many 

small seeds, light is a significant requirement for germination, and in some cases a lack of 

exposure to light is what prevents small seeded species from germinating. There are no reports in 

the literature as to whether TKS seeds require light or a flash of light for successful germination 

and given that TKS seed does not demonstrate true primary dormancy (dormancy when 

harvested from the mother plant) it may be likely that this is not a requirement. However, TKS 

seed is very small (2900 to 3100 seeds per gram) and this would suggest that TKS seed requires 

very shallow seeding for successful recruitment.  

2.8 The importance of microsites for establishing small seeded crops 

   Maintaining a microsite with optimum conditions is vital for small seed germination and 

seedling recruitment (Bullied et al. 2012). Nandula et al. (2006) highlighted small seed specie 

(Conyza Canadensis L.) need to be planted shallowly because they don’t have enough power to 
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germinate from depth in the soil. In this case, maintaining enough water for seed germination 

becomes critical because more evaporation happens at the surface of the soil. Levitt and Hamm 

(1943) highlighted that it is vital for TKS seeds to have access to enough water during 

germination especially a few days after sowing. Because of the lack of water in many regions in 

the world, some farmers choose to plant small seeded species deeper in the soil to give them 

more constant access to soil moisture, but this can result in very poor establishment (Levitt and 

Hamm 1943). Jong et al. (1979) reported that this can even be an issue for some crops with 

moderate-sized seeds including wheat (Triticum aestivum L.). Microsites are not one 

dimensional and with a very small seeded species like TKS it is a challenge to balance the 

multiple needs for successful germination especially in a field environment. In particular, it is a 

challenge to balance the need for shallow seeding and constant access to water by the seed (and 

the young seedling as well perhaps).    

2.9 Methods to maintain microsite conditions for establishing small seeded crops 

   A major step for successful small seed germination is keeping microsite elements at optimum 

levels. The two critical factors for small seeds to germinate are 1) temperature and 2) moisture 

and these two factors in turn are affected to a significant degree by seeding depth (Bullied et al. 

2012). One practical and verified method for maintaining soil moisture is utilizing mulch which 

also helps to avoid increasing soil temperatures. Abdul-Baki et al. (1996) reported that 

polyethylene mulches are principally used to decrease weed competition and to increase soil 

temperature for early seeded or transplanted crops in temperate regions. Cover crops or nurse 

crops can also be used to improve soil conditions for seedling recruitment because they make the 

soil a favorable habitat for beneficial insects and bacteria and they foster a microclimate (Abdul-

Baki et al. 1996). Pullaro et al. (2006) argued that cover crops can also improve soil fertility by 



 

16 
 

making more nitrogen available due to positive effects on the temperature and the humidity of 

the soil. In these ways, cover crops may make the soil better for small seeds to germinate 

(Pullaro et al. 2006). Blanco-Garcia and Linding-Cineros (2005) noted that covering mulch 

improve soil conditions by; 1) decreasing soil temperature fluctuations 2) preserving soil 

moisture, and 3) decreasing seedling drying speed.  All three of these advantages cause more 

seeds to germinate and more seedlings to survive after seed germination. To prove their point, 

Blanco-Garcia and Linding-Cineros (2005) highlighted that the survival rate of pine (Pinus spp.) 

seedlings in mulched plots was 46.4% compare with only 20.8% in unmulched plots and after 2 

years the percentage of seedlings that still survived  was 74.3% in the mulched plots versus only    

20.8% in the unmulched plots (Blanco-Garcia and Linding-Cineros 2005). They also found that 

with mulching even if some seeds did not germinate in the first year of planting, it was possible 

for them to survive and germinate in the second year. Blanco-Garcia and Linding-Cineros (2005) 

noted that the main threat to successful recruitment for pine seedlings is high temperature and 

that using cover crops increased survival from 21.8% to 46.5%. Some sort of soil cover (mulch 

or cover or nurse crops) can provide a benefit to the germination and successful recruitment of 

small seeded species by optimizing the seeds microsite in terms of temperature and humidity 

levels and maintenance.    

2.10 Seed Persistence 

   For new crops, there is always a concern about whether they will pose any threat as a potential 

weed (Pheloung et al. 1999). There is some perception that TKS could be a weed problem but 

this perception is likely a result of this species' common name, Russian dandelion and the fear 

that TKS will act like regular dandelion (Taraxacum officinale G. H. Weber ex Wiggers) (Froese 

and Van Acker 2003). One of the key concerns (and key weed characteristics) is seed 
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persistence. For common dandelion the literature tells us that there is very little seed persistence, 

in part because the seeds are essentially non-dormant and because the seed is small without a 

hard seed coat (Stewart-Wade et al. 2002; Hacault and Van Acker 2006). TKS seed is also small 

and there is no hard seed coat and there does not seem to be any true dormancy in the seed of this 

species and so one would expect that the seed of TKS will not persist in the soil yet there has 

been no studies demonstrating whether this is true or not. 

2.11 Project Objectives 

   There is substantive potential for TKS to be a commercial crop; though work has been done to 

produce TKS in the past, very little has been done recently. One key challenge to commercial 

scale production of TKS is establishing it from seed in the field. This is difficult because of the 

small seed size and sensitivity to inconsistent soil moisture. In addition, there is interest in the 

possibility of TKS as a new crop for Ontario farmers yet no work has been done to date in 

exploring the possibility of growing TKS in Ontario, and specifically, there has been no 

exploration of establishing TKS from seed under Ontario soil and climate conditions. The 

general objective of this study is to explore techniques for achieving greater success rates for the 

establishment of TKS from seed in the field including watering regimes, seeding depth and the 

use of mulches. The results from this study will help to make commercial production of TKS 

possible. It is hypothesized that optimizing soil moisture conditions for seed placed at or near the 

soil surface will lead to the highest proportional germination and establishment of TKS under 

field conditions. 

The specific objectives of the project include: 

1) To test the sensitivity of TKS seed to seeding depth. 
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2) To explore the seed germination and seedling emergence (successful recruitment) of TKS 

under Ontario field conditions.  

3) To explore the extent to which TKS seed can persist in the soil under Ontario conditions to 

confirm whether it poses any weed threat if it is grown commercially in Ontario.  
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Chapter 3 - Materials and Methods 

3.1 Experiment Number One: Germination Testing  

 3.1.1 Introduction:  

   TKS seeds used for this project are from plants that were grown in the greenhouse complex at 

The Simcoe Horticultural Experimental Station (SHES). In order to provide a baseline 

understanding of the germinability of these seeds before we started experiments on them we 

needed to conduct germination tests. The objective of this experiment was to find out the 

germinability of the TKS seed using petri dish based germination test procedures.  

3.1.2 Materials and Method 

   The originating TKS seed used for this project was requested and received by Jim Todd 

(OMAFRA) from the USDA Germplasm Collection.  In the winter of 2013 (January through 

April) these seeds were germinated and grown by Rob Grohs in trays in greenhouses at the 

SHES. At the flowering stage, bumble bees were introduced to the greenhouse to facilitate 

pollination and increase seed yield. TKS seeds were collected and cleaned by hand.  After 

collection, seeds were stored at room temperature (approx. 20 
o
C) in dark and dry conditions.      

   To determine the germinability of the TKS seed we were working with, we conducted a 

germination test of the seedlot we were using. Whatman (number 42, 7cm) filter paper was 

placed in 10x1.5 cm diameter Petri dishes and 50 TKS seeds were placed in each dish (Figure 

3.1). We were also interested to see whether, with our seed lot, there would be any effect on 

germinability of applying  a fertilizer solution to the seeds as per Levitt and Hamm (1943) and 

similar work on other species (eg. Turner and Van Acker 2014). As such, we used two watering 

solutions for the experiment: 1) distilled water or 2) 0.2% KNO3. There were five replicates and 
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the experiment was conducted twice. Petri dishes were kept in a growth room for 1 month at 23 

o
C, 65% relative humidity and with a 16 hour photoperiod. Dishes were watered with 0.2% 

KNO3 or distilled water and checked every two days to count the number of germinated TKS 

seeds and germinated seeds were removed once counted to avoid double counting. Petri dishes 

were watered every two days to keep them moist at all the times.   

 

Figure 3.1. Germination test experiment of TKS seed. 

 

3.1.3 Statistical Analysis  

   The experiment was a randomized complete block design with 5 replicates and was repeated 

once. Statistical analysis was conducted using SAS version 9.3. The variance analysis was 

carried out using a Type 1 error rate of 0.05. The PROC MIXED procedure was used to analyze 

variance of the final number of germinated TKS seedlings. The compound symmetry (CS) 

covariance structure was chosen based on convergence criteria and model fitting statistics. The 

variance of this response was partitioned into random and fixed effects. Block was considered a 

random effect and was nested within experiment run.  Fixed effects included fertilizer treatment 
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which was further sub-partitioned into two levels (KNO3 fertilizer, no fertilizer). Differences 

between levels of treatments and treatment interactions were determined using contrast and 

estimate statements. Least Squares Means was used to compare differences in response between 

factors. Each of the assumptions for analysis of variance was tested. The assumption of normal 

distribution of errors about a mean of zero was tested using Shapiro Wilk’s test. The assumption 

of homogeneous, random and independent errors was verified using plots of residuals. The data 

was found to be normal (W=0.96, p=0.6563) and errors were found to be homogeneous. 

 

3.2 Experiment Number Two: Recruitment Depth Experiment 

3.2.1 Introduction  

   TKS seeds are very small and light and as per many other small seeded species, seeding depth 

can be an important factor affecting successful germination and seedling emergence. Seeding on 

the soil surface can causes some challenges not least of which is susceptibility to being blown 

away, and conditions on the surface can be quite variable and ephemeral. At the same time, 

deeper burial can often prevent the germination of small seeds (Grundy et al. 2003). The papers 

that have been reviewed suggested different depths; from the surface of the soil to the depth of 2-

3cm would suit the recruitment of a small seeded species like TKS. Bond  et al. (1998) noted that 

a large number of small seeds can germinate from a depth of 2cm. Acosta et al. (2012) reported 

that small seed recruitment was higher (≥90%) for seeds that were placed from the surface of the 

soil to a depth of 1cm. The objective of this experiment is to explore the response of TKS seed 

germination and seedling emergence to seeding depth.       
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3.2.2 Materials and Method 

   In order to determine the best depth for TKS recruitment, an experiment was conducted in pots. 

Three depths were used: 1) planting seeds at the surface of the soil (0 cm) 2) at 2cm, and 3) at 5 

cm. Seeds were placed in packets, with 80 TKS seeds per packet. Seeds packets were made using 

small mesh plastic screen material (1x1 mm; small enough not to allow TKS seeds to fall out of 

the packets). The mesh was cut into 8cm x 8cm squares. Two mesh squares were sealed on three 

sides using a hot soldering iron. One side was left open so that seeds could be placed in the 

packets and then the packets were sealed using the soldering iron (Figure 3.2). The pots used 

were 15 cm in diameter and 15cm high. A PROMIX BX (#1 avenue premier – Riviere-du-Loup, 

Quebec, Canada) potting mixture was used and packets were placed at the required treatment 

depths in designated pots. The pots were watered either with 1) distilled water or 2) 0.2% KNO3. 

The experiment had 6 treatments (3 depths x 2 watering solutions). There were three replicates 

and the experiment was run twice. Pots were watered regularly so that the soil surface was moist 

for the duration of the experiment. Pots were observed every day for emerged TKS seedlings. 

Emerged seedling were counted and removed. The experiment was conducted in a growth room 

at 23 
o
C, 65% relative humidity and with a 16 hour photoperiod. Each run of the experiment 

lasted for one month. After one month, packets were removed from the pots and opened to 

examine the remaining seeds within. Seeds were gently prodded using fine forceps and any seeds 

that seemed firm were considered as potentially viable.   
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Figure 3.2. Packets used to contain seeds for TKS recruitment depth experiment. 

3.2.3 Statistical Analysis 

   The experiment was a randomized complete block design and was repeated twice. Statistical 

analysis was conducted using SAS version 9.3. The variance analysis was carried out using a 

Type 1 error rate of 0.05. The PROC MIXED procedure was used to analyze variance of the 

final number of emerged TKS seedlings. The variance of this response was partitioned into 

random and fixed effects. Block was considered a random effect and was nested within 

experiment run. Fixed effects included treatment which was further sub-partitioned into planting 

depth (0cm, 2cm, and 5cm) and fertilizer (KNO3, none). Differences between levels of 

treatments and treatment interactions were determined used contrast and estimate statements. 

Least Squares Means was used to compare differences in response between factors. Means 

separation was conducted using Tukey’s multiple range test. Each of the assumptions for 

analysis of variance was tested. The assumption of normal distribution of errors about a mean of 

zero was tested using Shapiro Wilk’s test. The assumption of homogeneous, random and 

independent errors was verified using plots of residuals. The data was found to be normal 
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(W=0.96, p=0.1740), however, errors were not homogeneous and an unstructured covariance 

structure was chosen based on convergence criteria model fitting statistics.  Due to the use of the 

unstructured model, the Satterthwaite approximation was used to compute the standard error of 

the difference. 

 

3.3 Experiment Number three: Field Recruitment Experiment 

3.3.1 Introduction  

   Simple and successful establishment of TKS in the field from seed is essential for the 

commercial production of this species. The small size of TKS seed and its sensitivity (in terms of 

germination and seedling survival) to various microsite conditions including depth, temperature 

and soil moisture means that it is a challenge to successfully establish from seed under field 

conditions. There has been little study done on this challenge and there are no peer-reviewed 

results from this sort of study to-date. In addition, none of this type of work has been conducted 

under southern Ontario conditions (climate and soil) and southern Ontario is the target region for 

the potential production of TKS. The objective of this study was to find out under field 

conditions what treatments might maximize TKS seed germination and seedling emergence 

(TKS recruitment).  

3.3.2 2013 Materials and Method 

   The recruitment success of TKS seeds was explored at two field sites in southern Ontario. The 

first site was the Simcoe Horticultural Experimental Station (SHES) of The University of Guelph 

located near Simcoe Ontario, Canada and the second site was at the Guelph Centre for Urban 
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Organic Farming (GCUOF) of the University of Guelph, located in Guelph, Ontario, Canada. 

Experiments were conducted during two seasons, 2013 and 2014. The Simcoe site was situated 

on a Berrien sandy-loam soil containing 55% sand, 30% silt, and 15% clay, 1.93% organic 

matter, with a pH of 6.8. The Guelph site was situated on luvisol soil with a loam texture (40% 

silt, 40% sand and 20% clay), with a pH of 7.4 and soil organic matter of 4.9%. These two sites 

where selected because of the difference in soil type and the likelihood that the two locations 

would experience different weather. In the 2013 season the factors that were tested in terms of 

impact of recruitment (seed germination and seedling emergence) success were 1) watering 

regime (with three levels) i. no additional watering, ii. watering every two days, and iii. watering 

every three days, 2) mulch effect (with two levels) i. using oat straw mulch and ii. not using oat 

straw mulch, and 3) effect of starch water holding polymer powder in-furrow (with 2 levels) i. 

using polymer and ii. not using polymer. There were 12 treatments in total (3 watering regimes x 

2 covering mulch levels x 2 polymer powder levels) for the study with three replicates of each 

treatment at each site (Figure 3.4 and Table 7.1). We also wanted to explore the effect of time of 

year on TKS recruitment success. As a result, each of the experiments at each site was run in the 

spring, summer and fall of each year. Each plot consisted of 50 cm row with 100 TKS seeds per 

row. In 2013, all seeds were planted at a depth of 2 cm. There was 20 cm between each row 

(plot). The straw mulch consisted of oat straw placed over a row to a depth of approximately 5 

cm (enough straw to create completely cover of the row). Straw was kept in place by overlapping 

wooden stakes (Figure 3.4). For the starch polymer treatments, 7 gr of polymer was spread 

evenly by hand along the planting furrow and TKS seeds were placed into the powder before 

being covered by soil. The starch polymer was a commercially available horticultural product 

(Absorbent Technologies Inc. 8705 SW Nimbus Ave, Beaverton, USA).  Experiments were run 
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for one month with emergence counted twice per week. Emerged TKS seedlings were removed 

once counted. To help determine the fate of un-germinated seed, 50 TKS seeds were placed in 

mesh packets (see Materials and Methods in experiment 2 for description of mesh packets). 24 

packets were made per experiment and placed at a 2 cm depth for the duration of the experiment.  

When each experiment run was complete (after 1 month), the packets were removed and opened. 

The seeds within were examined and tested using a pressure test to see if they were potentially 

viable or not. Those seeds that remained and seemed viable were then placed into petri dishes 

and tested for germinability as per the methods described in section 3.1.2. of this thesis.       

3.3.3 Statistical Analysis for 2013 Data 

   The experiment was a randomized complete block design replicated across two locations. 

Statistical analysis was conducted using SAS version 9.3. The variance analysis was carried out 

using a Type 1 error rate of 0.05. The PROC MIXED procedure was used to analyze variance of 

the final number of emerged TKS seedlings. The compound symmetry (CS) covariance structure 

was chosen based on convergence criteria, model fitting statistics and the complexity of the 

model. The variance of this response was partitioned into random and fixed effects. Block was 

considered a random effect and was nested within experiment location. Fixed effects included 

treatment which was further sub-partitioned into planting date (spring, summer, and fall), 

location (Guelph, Simcoe), water regime (no irrigation, irrigation every 2 days, irrigation every 3 

days), mulch (straw mulch, no mulch) and polymer (seeds coated with polymer powder, no 

polymer). Differences between levels of treatments and treatment interactions were determined 

used contrast and estimate statements. Least Squares Means was used to compare differences in 

response between factors. Means separation was conducted using Tukey’s multiple range test. 

Each of the assumptions for analysis of variance was tested. The assumption of normal 
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distribution of errors about a mean of zero was tested using Shapiro Wilk’s test. The assumption 

of homogenous, random and independent errors was verified using plots of residuals. Due to a 

failure of the data to comply with these assumptions, a square root transformation was used to 

normalize the data (W=0.99, p=0.2344) and establish homogeneity of errors. 

3.3.4 2014 Materials and Method  

   In 2014 this experiment was run again at the same two sites. Given poor recruitment results in 

2013 some modifications were made to the treatments. In 2014, three factors were tested: 1) 

planting depth (two levels) i. planting at the surface of the soil (0 cm) ii. planting at a depth of 

2cm, 2) watering regime (two levels) i. no additional watering and ii. watering every two days, 3) 

mulch effect (three levels) i. using a horticulture white cloth as a mulch (HM) ii. using oat straw 

mulch (SM) iii. not using mulch  (figure 3.3). There were 12 treatments in total (2 depth x 2 

watering regime x 3 covering) for the study with three replicates of each treatment at each site 

(figure 3.5 and table 7.2). For the horticultural white cloth (FIBERWEB France, Zone 

Industrielle Est F68600 BIESHEIM France), the cloth was cut into 50x10 cm strips (to cover a 

given plot completely) and four steel nails were used at the corners of the cloth to fix it on the 

plot (figure 3.5). As in 2013, we wanted to explore the effect of time of year on TKS recruitment 

success, so, each experiment was run in the spring, summer, and fall. Plot size and arrangement 

was the same as in 2013 and our use of seed packets was the same as described for 2013. 

3.3.5 Statistical Analysis for 2014 data 

   The experiment was a randomized complete block design replicated across two locations. 

Statistical analysis was conducted using SAS version 9.3. The variance analysis was carried out 

using a type 1 error rate of 0.05. The PROC MIXED procedure was used to analyze variance of 
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the final number of emerged TKS seedlings. The compound symmetry (CS) covariance structure 

was chosen based on convergence criteria, model fitting statistics and the complexity of the 

model. The variance of this response was partitioned into random and fixed effects. Block was 

considered a random effect and was nested within experiment location. Fixed effects included 

treatment which was further sub-partitioned into planting date (spring, summer, and fall), 

location (Guelph, Simcoe), water regime (no irrigation, irrigation every 2 days), planting depth 

(0cm, and 2cm), mulch (straw mulch, horticultural mulch, and no mulch). Differences between 

levels of treatments and treatment interactions were determined used contrast and estimate 

statements. Least Squares Means was used to compare differences in response between factors. 

Means separation was conducted using Tukey’s multiple range test. Each of the assumptions for 

analysis of variance was tested.  The assumption of normal distribution of errors about a mean of 

zero was tested using Shapiro Wilk’s test. The assumption of homogenous, random and 

independent errors was verified using plots of residuals. Due to a failure of the data to comply 

with these assumptions, a square root transformation was used to normalize the data (W=0.98, 

p=0.0917) and establish homogeneity of errors. 

3.3.6 Statistical Analysis for Emergence Timing 

   We did not run emergence analysis on all of the TKS emergence data primarily because of the 

great number of zero values in so many of the data sets. Yet we did want to represent the 

emergence timing of TKS from field seeded scenarios because it has never been presented or 

published. In addition, we were more interested in presenting the emergence timing of TKS from 

real field data than we were in examining the impact of factors on emergence timing. As such, 

we chose a priori scenarios we wanted to represent which included year, site and time of year 

(season) which gave us a total of 12 possible scenarios to model. The emergence data were 
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analyzed by nonlinear regression analysis as a function of weeks after seeding with the NLIN 

procedure in SAS. The equation fitted (after Lawson et al. 2006) was: 

Where x is weeks after seeding, c, d and b are estimated parameters (see appendix for parameter 

estimates) and Week50 is the x value (weeks after seeding) at the midpoint or inflection point of 

the curve. We only presented models of scenarios (4 in the end) where we could achieve 

convergence in the analysis.  

 

 

 

Figure 3.3 White horticultural cloth mulch used in the 2014 TKS field recruitment study. 

Ontario, Canada. 
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Figure 3.4 Field experiment at the GCUOF site, Ontario, Canada. 2013.  

 

 

Figure 3.5 Field experiment at the GCUOF site, Ontario, Canada, 2014.  
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3.4 Experiment Number Four: TKS Seed Persistence 

3.4.1 Introduction:    

   For new crops there is always a concern about whether they will pose any threat as a potential 

weed. There is some perception that TKS could be a weed problem but this perception is likely a 

result of this species' common name, Russian dandelion and the fear that TKS will act like 

regular dandelion (Taraxacum officinale G. H. Weber ex Wiggers) (Froese and Van Acker 

2003). One of the key concerns (and key weed characteristics) is seed persistence. For common 

dandelion the literature tells us that there is very little seed persistence, in part because the seeds 

are essentially non-dormant and because the seed is small without a hard seed coat (Hacault and 

Van Acker 2006). TKS seed is also small and there is no hard seed coat and there does not seem 

to be any true dormancy in the seed of this species. One would expect, therefore, that the seed of 

TKS will not persist in the soil yet there have been no studies of whether this is true or not. 

3.4.2 Materials and method  

   To run the study, seed packets were made as per the description in section 3.2.2 of this thesis. 

Fifty TKS seeds were put into each packet. At both sites, eighteen packets were buried just 

below the soil surface in 2013 and 2014 (at times intended to simulate late seed shed for TKS). 

This was done three time/year (the same time and place with the field experiment), at both the 

Simcoe and Guelph sites.  

   For the spring and summer experiment, the packets were taken out from the soil after one 

month when the field experiment was closed. Packets were opened and TKS seeds were tested 

for the potential viability using a pressure test (as explained above). Viable seeds kept in freezer 

at -3 
o
C for seven days (a week). After that, TKS seeds were placed in petri dishes and kept in a 
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growth room for one month at 23 
o
C, 65% relative humidity and with a 16 hour photoperiod to 

test the germination.  

   For the fall experiment, in the following spring (spring 2014 or spring 2015), the packets were 

removed from the sites and opened. Those seeds that seemed viable (were firm when pressure 

was applied) were then placed into Petri dishes and tested for germinability (as per the method 

described earlier). This allowed us to gauge the extent to which TKS seed could persist 

overwinter allowing us to determine, to an extent, its weediness potential.                                                  

The data were represented as mean numbers of firm (potentially viable) seeds (and standard 

error) for each site and year and date (spring, summer or fall).  
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Chapter 4 – Results and Discussion 

4.1 Experiment Number One: Germination Testing 

   The data analysis showed that seed from the TKS seedlot we were using germinated well 

regardless of treatment (Table 4.1 and Figure 4.1). The mean germination level was 97±0.5. 

Based on previous germination work with TKS we thought that there may have been a difference 

in germination levels between the two watering treatments (distilled water versus KNO3). There 

was no significant effect of a 0.2 % KNO3 treatment on the germination level of the seed we 

were using. The results of this study do not support the results of Levitt and Hamm (1943) who 

found that more than 75% of their TKS seeds germinated if they were soaked in a 0.2% KNO3 

solution compared to only 50% for seeds soaked in distilled water. One possibility is differences 

in the maturity of seed between our study and theirs. Levitt and Hamm (1943) reported that one 

explanation for the low germination of TKS seeds in their seedlot was that their seeds were not 

matured completely when they were harvested.  The TKS seed germinated quickly in this study 

(most of the seed was fully germinated only four days after being placed in the Petri dishes). Of 

course this was under ideal germination conditions.   

   The results from this experiment show that the TKS seedlot we used for our study was of high 

quality and that the seed we used was mature. These results also showed us that the seedlot we 

were using had the germinability required to run the field experiments and was a good seedlot for 

testing the possibility of TKS field recruitment.  
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Table 4.1. Effect of Potassium Nitrate (KNO3) on Seed Germination of TKS.
 

Cov Parm Estimate Standard error Z value Pr Z 

Rep(Test) 0.4201 0.3779 1.11 0.1331 

Test*Treatment 0.2599 0.1964 0.66 0.2560 

Residual 0.5910 0.3051 1.94 0.0264 

Effect Num df Den df F value Pr > F 

Treatment (KNO3) 1 1 0.11 0.7998 

z test was arranged as a randomized complete block; Treatment: 1) Watered with KNO3 2) Watered with only water; 

Test (this experiment was repeated 2 times but was considered one experiment as there was no effect of test or 

test*treatment interactions).   

 

 

 

Figure 4.1: Effect of KNO3 and distilled water on seed germination of TKS. Error bars represent 

± S.E (n=10). 
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4.2 Experiment Number Two: Depth Experiment  

 

   There was a significant effect of planting depth on TKS seedling recruitment (Table 4.2). 

Recruitment was higher when seeds were planted at a depth of 2 cm compare to the two other 

depths (0 cm and 5 cm). However, there was no significant effect of using fertilizer (KNO3 vs 

distilled water) on recruitment levels (Table 4.2). The highest recruitment levels were only 

approximately 36% (Table 4.3). The results of this experiment are supported by the results of 

Bond et al. (1998) and Levitt and Hamm (1943) who also found TKS seed recruited best from a 

depth of 2 cm. This is a key point for TKS seeds because these seeds are quite small and light 

which makes them unsuitable for deep planting (not enough energy reserves) or very shallow (or 

surface) planting, because they will dry out or degrade at the surface which was highlighted as an 

issue for small seeds by Nandula et al. (2006). These results also show that optimal TKS seeding 

depth is even shallower than the mean recruitment depth for many common weeds (DuCroix 

Sissons et al. 2000). This seeding depth is also shallow compared to the common seeding depth 

for most fields crops and is more akin to the seeding depth one would want to achieve with small 

seeded forage species (Jong et al. 1979). 
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aMeans followed by different letters are significantly different based on p<0.05 

 

 

Table 4.2. Effect of planting depth, and fertilizer on seedling recruitment for TKS. 

Cov Parm Estimate Standard Error Z Value Pr > Z 

Rep (Exp) 13.9844 14.3761 0.97 0.1653 

Residual 50.5878 14.3084 3.54 0.0002 

Effect Num DF Den DF F Value Pr > F 

Planting depth 2 25 21.79 <.0001 

Depth of 2 cm vs. 5 cm 1 25 37.72 <.0001 

Depth of 2 cm vs. 0 cm 1 25 26.69 <.0001 

Depth of 0 cm vs. 5cm 1 25 0.95 0.3385 

Fertilizer (KNO3) 1 25 0.34 0.5632 

Depth*fertilizer 2 25 0.2 0.8201 

Table 4.3. Mean recruitment levels (per 50 seeds) based on depth of seeding for TKS. 

Depth Estimate Standard Error  

  0 cm 2.9167 2.5586 B
a
 

  2 cm 17.9167 2.5586 A 

  5 cm 0.08333 2.5586 B 
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   It should be noted with this experiment that we used a potting mix soil (PROMIX BX) which is 

very light and has a very good water holding capacity making it ideal for facilitating seedling 

recruitment. In this regard, the results of this experiment might be considered a best case 

scenario and we expect that in the field the seeding depth may have to be even shallower (than 

2cm), especially for soil types that may crust. And of course, very shallow seeding would pose 

additional challenges in terms of maintaining seed moisture levels to permit seed germination 

and seedling establishment.          

   Suicidal germination occurred in this experiment. We found that suicidal germination was 

significantly affected by seeding depth (Tables 4.4 and 4.5). Suicidal germination refers to seeds 

that germinate but the seedling cannot make its way out of the soil for a variety of reasons 

(Benvenuti et al. 2001). The first reason may be planting depth and the second may be the effect 

of the mesh packets we used to hold the seeds. At the 5 cm depth, depth alone may have been the 

cause for the suicidal germination. In regard to the packets, because the mesh was quite small (to 

avoid seeds from falling out of the packets) this may have created a physical emergence barrier 

in some cases. We recorded suicidal germination of seeds at the end of the experiment when we 

took the packets out of the soil to determine the fate of un-germinated seeds. Suicidal 

germination is possible for species like TKS which have little or no dormancy. This result 

suggests that it is likely only simple seed germination conditions (moisture and temperature) that 

are driving the germination of TKS and not additional requirements including light.  
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a
Means followed by different letters are significantly different based on p<0.05. 

 

 

Table 4.4. Mean suicidal germination levels (per 50 seeds) as affected by depth of seeding 

for TKS. 

Depth Estimate Standard Error  

0 cm 1.6828 0.489 AB
a
 

2 cm 2.8344 0.489 A 

5 cm 1.3655 0.489 B 

Table 4.5. Effect of planting depth, and fertilizer on seed suicidal germination of TKS 

Ontario, Canada. 2013.    

Cov Parm Estimate Standard Error Z Value Pr > Z 

Rep (Exp) 0.5396 0.5367 1.01 0.1573 

Residual 1.7902 0.5063 3.54 0.0002 

Effect Num DF Den DF F Value Pr > F 

Planting depth 2 25 4 0.031 

Depth of 2 cm vs. 5 cm 1 25 7.23 0.0126 

Depth of 2 cm vs. 0 cm 1 25 4.45 0.0452 

Depth of 0 cm vs. 5cm 1 25 0.34 0.5666 

Fertilizer (KNO3) 1 25 0.1 0.7593 

Depth*fertilizer 2 25 0.61 0.5534 
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4.3 Experiment Number Three: Field Recruitment 

4.3.1 2013 results 

   The results from 2013 show very low levels of recruitment of TKS from seed regardless of 

treatments (Table 4.6). Our analysis showed that there was a significant effect of location on 

TKS seedling recruitment level.  Recruitment was higher in 2013 at the Simcoe with a sandy soil 

type than at the GCUOF with a loamy soil type (Tables 4.6 and 4.10). There are two possible 

explanations for the impact of site (soil type).  The first is pH, where the pH of the soil at Simcoe 

was 6.8 compared to 7.4 at the GCUOF. Whaley and Bowen (1947) noted that TKS seeds had 

higher germination rates in soils within the pH range of 5.5 to 8.5 but that germination was 

highest when pH was around 6.5. This would support a higher germination rate at Simcoe versus 

the GCUOF. The second possible explanation is soil resistance where coarser soils (the sandy 

soil at Simcoe) provide less soil resistance for emerging seedlings and so there may have been a 

better opportunity for seedlings to successfully emerge from the sandy soil at Simcoe than from 

the loamy soil at the GCUOF.  
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Table 4.6. Effect of Planting Date, Watering Frequency, Polymer Use and Mulching on Seedling Establishment 

of TKS in 2013 at Two Sites in Ontario (Guelph and Simcoe)
z 

Cov Parm Estimate Standard Error Z-Value Pr > Z 

Rep(Site) 0.0639 0.0627 1.02 0.1539 

Residual 0.8866 0.1060 8.37 <.0001 

Effect Num df Den df F value Pr > F 

Planting Date 2 140 31.86 <.0001 

Site  1 4 7.91 0.0482 

Site x Planting Date 2 140 14.12 <.0001 

Watering Frequency 2 140 1.28 0.2802 

Planting Date x Watering Frequency 4 140 2.76 0.0300 

   Fall     

     No water vs. every 2 days 1 140 3.36 0.0690 

     No water vs. every 3 days 1 140 0.31 0.5768 

     Every 2 days vs. every 3 days 1 140 1.62 0.2050 

   Spring     

     No water vs. every 2 days 1 140 5.53 0.0200 

     No water vs. every 3 days 1 140 1.42 0.2349 

     Every 2 days vs. every 3 days 1 140 1.34 0.2482 

   Summer     

     No water vs. every 2 days 1 140 1.11 0.2946 

     No water vs. every 3 days 1 140 4.55 0.0346 

     Every 2 days vs. every 3 days 1 140 1.17 0.2814 

Mulch 1 140 0.31 0.5775 

Location x Mulch x Planting Date 2 140 3.60 0.0298 

  No Mulch     

     Fall vs. Spring in Guelph 1 140 1.52 0.2197 

     Spring vs. Summer in Guelph 1 140 0.14 0.7041 

     Fall vs. Summer in Guelph 1 140 0.73 0.3955 

     Fall vs. Spring in Simcoe 1 140 16.06 <.0001 

     Spring vs. Summer in Simcoe 1 140 49.71 <.0001 

     Fall vs. Summer in Simcoe 1 140 9.26 0.0028 

  Mulch     

     Fall vs. Spring in Guelph 1 140 15.32 0.0001 
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     Spring vs. Summer in Guelph 1 140 7.40 0.0073 

     Fall vs. Summer in Guelph 1 140 1.43 0.2345 

     Fall vs. Spring in Simcoe 1 140 2.43 0.1216 

     Spring vs. Summer in Simcoe 1 140 29.78 <.0001 

     Fall vs. Summer in Simcoe 1 140 15.21 0.0001 

Polymer 1 140 25.66 <.0001 

Location x Polymer 1 140 10.42 0.0016 

   Guelph (Polymer vs. None) 1 140 1.69 0.1958 

   Simcoe (Polymer vs. None) 1 140 34.39 <.0001 

z test was arranged as a randomized complete block; watering frequency: 1) no watering 2) watering every 2 days 3) 

watering every three days; mulch (use of mulch or none); polymer (use of polymer or none).   

     

   The results from the 2013 field trial show that  planting date (season) had a significant effect 

on recruitment level and that recruitment levels were higher in either spring or fall in Guelph and 

they were highest in spring at Simcoe (Tables 4.6 and 4.7). The best recruitment in 2013 was for 

the spring experiment with the greatest watering frequency (Table 4.10). These results support 

the point argued by Whaley (1944) that moderate climates in the US would be best suited for 

TKS cultivation, avoiding cold and hot regions. Luo and Cardina (2010) reported that TKS had 

germination levels of more than 80% in low (5 to 15 
o
C) and mid (15 to 25 

o
C) temperature 

ranges but that germination fell at the high (25 to 35 
o
C) temperature range. In addition, Nandula 

et al. (2006) noted that the best germination temperature for most small seeded weed species in 

North America is 24
 o
C /20

 o
C day/night. They also explained that the maximum germination of 

small seeds occurs in the fall (September to October) and spring (April to May).  

   There was no significant effect of watering regime on TKS seedling recruitment (Table 4.3) in 

2013, but 2013 was a relatively wet year (Table 4.8) and so the watering treatments were 

possibly redundant. 
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Table 4.7. Effect of Planting Date on Seedling Recruitment (percent) of Russian 

Dandelion (Taraxacum Kok-saghyz) at Two Locations in Ontario
z
 

  Estimate ± 95% Confidence Intervals 

Guelph Spring 2.86 ≤ 4.91
AB

 ≤ 7.44 

 Summer 1.49 ≤ 3.12
B
 ≤ 5.24 

 Fall 0.81 ≤ 2.18
B
 ≤ 4.04 

Simcoe Spring 8.26 ≤ 11.42
A
 ≤ 15.06 

 Summer 1.05 ≤ 2.52
B
 ≤ 4.47 

 Fall 4.07 ≤ 6.41
AB

 ≤ 9.24 
zData has been back-transformed from the square root transformation so 95% confidence intervals are reported 

instead of standard error.  Only transformed data should be used for means comparisons, however, letters have been 

used to indicate significance. 

 

     

   There was no significant effect of covering the plots with straw mulch on TKS seedling 

recruitment in our 2013 field study (Table 4.6). However, at both sites, treatments with polymer 

powder (Zeba Foam) did have a significant impact on recruitment only not in the way we had 

expected. We added the Zeba foam as a treatment expecting that it would hold moisture and aid 

seed germination and seedling recruitment but what we found was the opposite. The treatments 

with Zeba foam added had less recruitment than the no polymer treatments (Table 4.9). Our 

reasoning for this unexpected result is that because we had lots of rain in 2013, treatments with 

the polymer powder were perhaps too wet, and that could have caused more seed degradation 

and less recruitment. This result highlights the importance of an optimal watering regime for 

TKS seedling recruitment. Although dry conditions will reduce recruitment of TKS seeds, too 

much water can be destructive too.    
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Table 4.8. Mean monthly averages temperatures and total monthly precipitation for 2013 

and 2014 along with long term averages for Delhi, Ontario (as a proxy for Simcoe, Ontario) 

and Guelph , Ontario (with Waterloo as a proxy for Guelph, Ontario for the long term 

averages). All weather data accessed from Government of Canada monthly climate 

summaries (http://climate.weather.gc.ca/prods_servs/cdn_climate_summary_e.html) 

Delhi 

Month                        Long-term Avg. (1981-2010)                                         2013                                                             2014 

 Temp (oC) Precip. (mm) Temp (oC) Precip. (mm) Temp (oC) Precip. (mm) 

January -5.4 69.7 -2.3 96.6 -8.1 37.4 

February  -4.7 62.7 -4.5 66.2 -8.0 50.0 

March 0.0 69.3 -0.4 32.2 -4.0 18.6 

April 6.9 86.6 6.0 120.2 6.4 126.4 

May  13.2 88.9 15.1 99 13.9 95.4 

June 18.5 88.8 18.3 188.8 19.9 55.0 

July 21.1 96.6 21.4 52.6 19.4 160.2 

August 20.0 83.6 19.8 86.8 19.1 52.0 

September 15.5 99.2 15.8 109.8 16.0 113.0 

October 9.4 88.3 11.0 144.6 10.6 97.6 

November 3.5 110.5 2.45 61.2 2.0 58.6 

December -2.2 91.6 -3.1 78.6 0.0 24.6 

Guelph 

Month                        Long-term Avg. (1981-2010)                                         2013                                                             2014 

 Temp (oC) Precip. (mm) Temp (oC) Precip. (mm) Temp (oC) Precip. (mm) 

January -6.5 65.2 -a - -9.6 16.0 

February  -5.5 54.9 - - -9.1 15.0 

March -1.0 61.0 - - -5.3 6.0 

April 6.2 74.5 - - 5.2 85.0 

May  12.5 82.3 18.3 68.7 13.2 57.0 

June 17.6 82.4 18.6 83.0 18.8 59.0 

July 20.0 98.6 20.5 177.0 18.5 130.0 

August 18.9 83.9 18.9 95.0 18.2 121.0 

September 14.5 87.8 14.7 91.0 14.9 176.0 

October 8.2 67.4 9.6 130.0 9.3 72.0 

November 2.5 87.1 1.2 32.0 0.7 45.0 

December -3.3 71.2 -4.9 12.0 -1.1 23.0 

aData not available 
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Table 4.9. Effect of Polymer Use on Seedling Recruitment (percent) of Russian 

Dandelion (Taraxacum Kok-saghyz) at Two Locations in Ontario
z
 

  Estimate ± 95% Confidence Intervals 

Guelph Polymer 1.79 ≤ 2.93
B
 ≤ 4.30 

 No Polymer 2.47 ≤ 3.74
B
 ≤ 5.25 

Simcoe Polymer 2.62 ≤ 3.93
B
 ≤ 5.47 

 No Polymer 7.17 ≤ 9.15
A
 ≤ 11.36 

zData has been back-transformed from the square root transformation so 95% confidence intervals are reported 

instead of standard error.  Only transformed data should be used for means comparisons, however, letters have been 

used to indicate significance. 
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ased = standard error of the difference for mean comparisons
z.                                                                                    

test was arranged as a randomized complete block; watering frequency: 1) no watering 2) watering every 2 days 3) 

watering every three days; mulch (straw mulch or none); polymer powder (using polymer powder or none).   

Letters represent significant differences based on Tukey’s Multiple Range test.  

 

Table 4.10. Mean seedling recruitment levels for Russian Dandelion (Taraxacum kok-

saghyz) as affected by planting date, watering frequency, polymer powder, and mulching in 

2013 at two sites in Ontario (Guelph and Simcoe), Canada. 

 Estimate seda  

Guelph*no polymer powder 4.37 1.00 B 

Guelph*polymer powder 3.53 1.00 B 

Simcoe*no polymer powder 10.90 1.00 A 

Simcoe*polymer powder 4.94 1.00 B 

Fall*watering every three days 4.79 1.10 BCDE 

Fall*no additional watering  6.16 1.10 BCD 

Fall*watering every two days 4.25 1.10 CDE 

Spring*watering every three days 9.12 1.10 AB 

Spring*no additional watering  6.70 1.10 ABC 

Spring*watering every two days 10.66 1.10 A 

Summer*watering every three days 5.54 1.10 CDE 

Summer*no additional watering  2.54 1.10 E 

Summer*watering every two days 3.66 1.10 DE 

Guelph*mulch*fall 1.66 1.35 E 

Guelph*mulch*spring 5.77 1.35 ABCD 

Guelph*mulch*summer 2.55 1.35 DE 

Guelph*no mulch*fall 3.5 1.35 CDE 

Guelph*no mulch*spring 5.5 1.35 BCD 

Guelph*no mulch*summer 4.72 1.35 CDE 

Simcoe*mulch*fall 9.83 1.35 ABC 

Simcoe*mulch*spring 12.16 1.35 A 

Simcoe*mulch*summer 5.05 1.35 DE 

Simcoe*no mulch*fall 5.27 1.35 CDE 

Simcoe*no mulch*spring 11.88 1.35 AB 

Simcoe*no mulch*summer 3.33 1.35 DE 
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4.3.2 2014 results    

   In 2014, there was not a significant effect of location (Table 4.11) on TKS recruitment, but 

there was significant interaction effect of site x data. In the seasons when recruitment was 

highest (summer) TKS seedlings had higher recruitment levels at Simcoe (a sandy soil type) than 

at Guelph (a loamy soil type). As in 2013, this result may be the result of a couple of factors. 

First, the pH of the soil in Simcoe was 6.8 which is a more favorable pH for TKS seed 

germination (optimum pH is 6.5 as per Whaley and Bowen 1947), and the pH in Guelph was 7.4. 

Secondly, soil type impacts recruitment of very small seeded species like TKS seeds, where 

lighter soils (coarser textured soils like sandy soils) provide less resistance to fragile emerging 

seedlings than do heavier (finer texture) soils and this is especially true in wet years (which was 

the case in 2014 at Guelph - see table 4.8) and especially when moisture is not limited in the 

sandy soils and soil crusting can be an issue in finer texture soils.   

   In 2014 there was also a significant effect of planting date on recruitment levels of TKS (Table 

4.11). TKS seedling recruitment was higher for the summer seeding compared to either spring or 

fall. This result is different from 2013, when recruitment was better in the spring versus the 

summer. The possible reason for this result could be differences in weather between 2013 and 

2014 and what weather is optimal for TKS recruitment (as per the results from Luo and Cardina 

2010 referenced earlier). TKS recruits best in relatively warm and wet conditions. At the Simcoe 

site, spring 2013 (May) was relatively warm and wet (compared to the long term averages) 

versus spring 2014 which was relatively cold and wet (Table 4.8). Although temperatures were 

colder than optimal for TKS seedling recruitment in either scenario, spring 2013 was 

substantively warmer than spring 2014. Summer 2013 was relatively warm and dry compared to 

summer 2014 which was relatively cold and wet (Table 4.8) which may help to explain why we 
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saw better recruitment in summer 2014 than in summer 2013. In both seasons (2013 and 2014) 

the fall seasons were relatively cold and wet which would have been unfavorable for TKS 

recruitment.  

   At the Guelph site, spring 2013 was relatively warm with normal precipitation versus spring 

2014 which was relatively cold and dry compared to long term averages (Table 4.8). The result 

was better recruitment in spring 2013 than in spring 2014. Summer 2013 at Guelph was 

relatively warm and wet compared to summer 2014 which was cool and wet. And as per Simcoe, 

in both seasons there were cold wet falls (Table 4.8). Over all, the best recruitment for TKS was 

at Simcoe in spring 2013 and summer 2014 which were warm (but not hot) with good (above 

average) rainfall (not dry). 

 

z test was arranged as a randomized complete block; watering frequency: 1) no watering 2) watering every 2 days; 

mulch (horticultural mulch, straw mulch or none); planting depth (0cm, 2cm).   

Table 4.11. Effect of Planting Date, Watering Frequency, Mulching and seeding Depth on Seedling 

Establishment of TKS in 2014 in Two Sites in Ontario (Guelph and Simcoe)
z 
,Canada.  

Cov Parm Estimate Standard Error Z-Value Pr > Z 

Rep(Site) 0.000093 0.00783 0.01 0.4953 

Residual 0.3896 0.04657 8.37 <.0001 

Effect Num df Den df F value Pr > F 

Planting Date 2 140 91.29 <.0001 

Site  1 4 0.38 0.5731 

Site x Planting Date 2 140 101.49 <.0001 

Watering Frequency 2 140 0.96 0.3279 

Mulch 2 140 28.66 <.0001 

Depth 1 140 13.05 0.0004 

Watering Frequency x Depth 1 140 4.31 0.0398 

     0cm vs. 2cm no water 1 140 1.18 0.2789 

     0cm vs 2cm with water 1 140 16.17 <.0001 

Planting date x Location x Mulch x 

Depth 

4 140 2.61 0.038 
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   There was not a significant effect of watering frequency on recruitment level (Table 4.11). 

Keeping the experiment moist all the time (watering every two days) should have lead to higher 

recruitment levels. However, 2014 was a wet season (Table 4.8) and we would expect that in a 

more normal season the differences in recruitment levels between watering treatments and 

controls would have been greater. 

   There was a significant effect of planting depth on recruitment level (Table 4.11). TKS 

seedling recruitment was higher when seeds were planted at the surface (0cm) versus at 2cm. 

This result is a little different than what we found in our indoor seeding depth experiment (see 

chapter 3). In that experiment, recruitment was higher from the 2cm depth versus the 0cm depth. 

It may be that because 2014 was a wet year, recruitment from surface seeding was more viable. 

It may also be that the potting mix soil we used in the indoor experiment provided very little 

resistance to emerging seedlings versus the true agricultural soils in the field sites. However 

planting seeds at the surface of the soil may be problematic because seeds may spread by wind or 

may be more likely to be predated. In addition, in a dry year, the seeds at the surface would dry 

out very quickly. In the latter case, watering frequency (keeping the seeds moist all the time) 

plays an important role in TKS recruitment and we did find in 2014 that there was a significant 

interaction between watering frequency and depth of planting (Table 4.11) where the best 

seedling recruitment was for the surface seeded treatment (0cm) that was watered most 

frequently (Table 4.12). 

   There was also a significant effect of covering mulch on the recruitment of TKS seedlings 

(Table 4.11). The recruitment levels were higher when there was some type of mulch 

(horticultural cloth or straw mulch) versus the control treatment (no mulch). We had similar 

results in 2013 where we had higher recruitment levels with straw mulch versus no mulch. 
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 ased = standard error of the difference for mean comparisons
z.                                                                                    

test was arranged as a randomized complete block; watering frequency: 1) no watering 2) watering every 2 days; 

mulch (straw mulch, horticultural mulch or none); depth (planting at 2cm or surface of the soil 0cm).   

Letters represent significant differences based on Tukey’s Multiple Range test.  

Table 4.12. Mean seedling recruitment levels for Russian Dandelion (Taraxacum kok-saghyz) as affected by 

planting date, watering frequency, planting depth, and mulching in 2014  at two sites in Ontario (Guelph 

and Simcoe), Canada. 

 Estimate seda  

Spring*Simcoe*No mulch*0cm 1.5 1.01 HIJKL 

Spring*Simcoe*No mulch*2cm 1.16 1.01 JKL 

Spring*Simcoe*Horticultural mulch*0cm 3.33 1.01 FGHIJK 

Spring*Simcoe*Horticultural mulch*2cm 2.33 1.01 GHIJK 

Spring*Simcoe*Straw mulch*0cm 3.66 1.01 DEFGHIJK 

Spring*Simcoe*Straw mulch*2cm 1.33 1.01 HIJKL 

Spring*Guelph*No mulch*0cm 7.16 1.01 ABCDEFG 

Spring*Guelph*No mulch*2cm 6.33 1.01 ABCDEFGH 

Spring*Guelph*Horticultural mulch*0cm 8.16 1.01 ABCDEFG 

Spring*Guelph*Horticultural mulch*2cm 5.83 1.01 BCDEFGH 

Spring*Guelph*Straw mulch*0cm 9 1.01 ABCDEF 

Spring*Guelph*Straw mulch*2cm 3.5 1.01 EFGHIJK 

Summer*Simcoe*No mulch*0cm 10 1.01 ABCD 

Summer*Simcoe*No mulch*2cm 5.83 1.01 CDEFGHI 

Summer*Simcoe*Horticultural mulch*0cm 10.16 1.01 ABCD 

Summer*Simcoe*Horticultural mulch*2cm 14.83 1.01 A 

Summer*Simcoe*Straw mulch*0cm 14.16 1.01 AB 

Summer*Simcoe*Straw mulch*2cm 13.33 1.01 ABC 

Summer*Guelph*No mulch*0cm 4.16 1.01 DEFGHIJ 

Summer*Guelph*No mulch*2cm 1 1.01 JKL 

Summer*Guelph*Horticultural mulch*0cm 9.66 1.01 ABCDE 

Summer*Guelph*Horticultural mulch*2cm 4.66 1.01 DEFGHIJ 

Summer*Guelph*Straw mulch*0cm 1.16 1.01 JKL 

Summer*Guelph*Straw mulch*2cm 1.5 1.01 IJKL 

Fall*Simcoe*No mulch*0cm 1 1.01 JKL 

Fall*Simcoe*No mulch*2cm 1.00E-05 1.01 L 

Fall*Simcoe*Horticultural mulch*0cm 2.33 1.01 FGHIJK 

Fall*Simcoe*Horticultural mulch*2cm 2.16 1.01 GHIJK 

Fall*Simcoe*Straw mulch*0cm 0.33 1.01 KL 

Fall*Simcoe*Straw mulch*2cm 1.33 1.01 HIJKL 

Fall*Guelph*No mulch*0cm 1.83 1.01 HIJKL 

Fall*Guelph*No mulch*2cm 1.16 1.01 JKL 

Fall*Guelph*Horticultural mulch*0cm 2.83 1.01 EFGHIJK 

Fall*Guelph*Horticultural mulch*2cm 3.5 1.01 DEFGHIJ 

Fall*Guelph*Straw mulch*0cm 1.66 1.01 HIJKL 

Fall*Guelph*Straw mulch*2cm 1 1.01 JKL 

No additional watering*0cm 4.90 0.40 A 

No additional watering*2cm 4.37 0.40 AB 

Watering every two days*0cm 5.33 0.40 A 

Watering every two days*2cm 3.5 0.40 B 
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4.3.3 Emergence Timing 

   Of the limited scenarios that we were able to model in terms of emergence timing we can see 

that TKS emergence was not rapid. Emergence extended over 3 to 6 weeks (Figures 4.2 and 4.3).  

For 3 of the 4 scenarios we were able to model, 50% emergence had occurred by the third week. 

The one exception was the Guelph spring experiment in 2014 where emergence was delayed 

until 4 weeks after seeding. Even though we were only able to model the emergence timing of a 

limited number of our field experiment scenarios it was important to show this data because 

there has not yet been any reporting of field emergence timing of seeded TKS and the emergence 

timing of crops is important in terms of performance and yield (Deen et al. 2004). Our results 

suggest that the field emergence timing of TKS is not ideal for a cropped species because the 

emergence period is not short and is not consistent.  

 

Figure 4.2. TKS seedling emergence of the 2013 field study in Ontario, Canada as related to week of 

experiment (weeks after seeding). Markers represent field data and lines represent the regression 

equations (for equations and parameter estimates see appendix).  
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Figure 4.3. TKS seedling emergence of the 2014 field study in Ontario, Canada as related to week of 

experiment (weeks after seeding). Markers represent field data and lines represent the regression 

equations (for equations and parameter estimates see appendix). 

    

4.3.4 Conclusion  

   After two years of field experiments planting TKS seedlings and investigating the impact on 

recruitment of various factors (planting depth, covering mulch, watering frequency) overall we 

can say that TKS displays very low field recruitment levels regardless of treatment (the highest 

mean recruitment level in any year, any treatment, any site was 14.8%). However, there were 

significant effects of some factors and to this end there were scenarios where recruitment levels 

were higher and scenarios where recruitment levels were lower. In terms of seeding depth, for 

example, although we found that for the indoor experiment (where we used potting mix as the 

soil medium) 2cm was the best planting depth for TKS seedlings, in the field experiments, 2cm 

was too deep, and surface seeding was better.  However, even for the surface seeded treatments 

the recruitment levels were still lower than what we were hoping for and what would be 
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considered acceptable from an agronomic perspective. In addition, seeding at the surface also 

required us to take steps to keep the seeds moist at all times (e.g. watering and/or use of a 

mulch). The requirement for very shallow seeding and for keeping seeds moist and protected on 

the soil surface makes us wonder whether seed coating may be a solution for practical seeding of 

TKS. Seed coating is a seeding solution for many small seeded species (e.g. turfgrass) to 

overcome some surface seeding challenges including seeds drying out. We did explore the use of 

a polymer powder (Zeba foam) which is used as a seed coating. We did not ever have enough 

quantity of TKS seed to get seeds coated but in 2013 we ground this polymer powder and spread 

it in our planting furrows as one of the treatments.  Interestingly, the resulting recruitment levels 

were lower than for treatments without polymer powder and we wondered if because the years 

(2013 and 2014) were not dry, whether the Zeba foam retained too much water (and perhaps we 

applied too much Zeba foam) and this would have accelerated the rotting of this fragile seed 

rather than aid in recruitment. 

   Planting timing is another key point of our study. Two years of field experiments highlighted 

that TKS seedlings recruit better in warmer conditions (either warm spring or warm, but not hot, 

summer) when the temperature is optimum for TKS germination (<25
 o
C as per Lou and Cardina 

2010). Depending on the annually predicted temperature, the suggested planting time is from 

mid-May to late June. In this case, it is possible to plant TKS seedlings in spring or summer 

(depending on the temperature) and harvest them at the end of the growing season. Planting 

seeds in fall is not recommended. Due to the cold weather in the fall the recruitment rate will be 

very low      
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4.4 Experiment Number Four: TKS Seed Persistence 

   Table 4.13 showed that for the spring and summer seedling a very low percentage of seeds in 

the packets seemed to be viable. However, for the 2013 fall seeding (when the packets were left 

in the soil over winter and removed from the soil the next spring) there were no viable seeds at 

all. Those seeds that were apparently viable (according to a simple pressure test) were placed in 

petri dishes to test for germinability; none of these seeds germinated. These results show that 

TKS seeds have little persistence which makes this species less of a potential weed threat. 

Because TKS seeds are too small and do not have a thick seed coat to protect them against 

freezing temperatures, or degradation there are not resilient or persistent. The results of this 

experiment reflect the results reported by Hacault and Van Acker (2006) who found that 

common dandelion (Taraxacum officinale Weber in Wiggers) has little persistence because it's 

seeds are small, non-dormant, and without a hard seed coat.  

Table 4.13. Mean persistence (Percent ± standard error) of Russian Dandelion (Taraxacum 

kok-saghyz) seeds after 3-5 weeks of burial (in either spring or summer) or over winter 

when seeded in fall at Simcoe and Guelph, Ontario, Canada in 2013 and 2014.   

   
a
Experiment did not run.  

 

 

 

2013  Spring Summer Fall 

  Guelph 15.9±1.75 7.6±1.18 0 

  Simcoe 1.9±0.47 6.2±1.31 0 

2014     

  Guelph 8.1±1.36 13.2±1.68 NA
a
 

  Simcoe 3.4±0.83 4.2±0.95 NA 
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Chapter 5 - General discussion 

   The objective of this thesis project was to investigate the practical field establishment of 

Russian Dandelion (Taraxacum kok-saghyz) from seed.                                                                             

5.1 Russian Dandelion field establishment Challenges 

   After working with TKS seeds for almost 2 years, we have found some challenges that are very 

important for any future field establishment studies. It is a necessity to have strategies to 

overcome these field challenges.  

5.1.1 Lack of information      

   One of the biggest issues for this project was the lack of published papers on TKS field studies. 

By searching online, you can find published papers from the 1940s-50s and a very few new 

publications from recent years; there is big gap between these two times. Perhaps because of the 

availability of cheap petroleum most countries lost their interest in this topic and stopped work 

after the 1950's. In addition, none of the few recent papers include data referring to field 

recruitment studies of TKS. This lack of information forced us to start trying several factors to 

facilitate the field recruitment of TKS including planting depth, planting time, watering regimes, 

covering mulch, and to explore the optimum level of these factors for the field recruitment of 

TKS. The lack of published information on the field establishment as well as the importance of 

TKS as a reliable source of high quality natural rubber makes field establishment of TKS an 

important subject for future studies. Since 2005, some researchers have started to explore the 

possibility of TKS as a reliable source for the future of natural rubber. Roseberg (2008) reported 

that some studies have been run and are still running in the United States at Oregon State 

University, Ohio State University, University of Akron, and by the United States Department of 
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Agriculture (USDA). In Canada, the Ontario Ministry of Agriculture, Food, and Rural Affairs 

(OMAFRA) is sponsoring (in-part) this study. Also, some major tire companies have a joint 

research program called “Program for Excellence in Natural Rubber Alternatives” (PENRA) 

(Roseberg, 2008) of which the University of Guelph is a partner.          

5.1.2 Adaptation issues    

   TKS is not a native North American species. As explained in my literature review, TKS’s 

original habitat is at the mountains of Kazakhstan. This means that there are some issues with 

TKS adaptation to Ontario’s climate. As we found in this study, TKS seedlings are sensitive to 

both water and temperature stresses in terms of successful recruitment. In both seasons of the 

experiment, we had wetter years than the long term average. It seems that over watering is a key 

challenge for TKS seedling recruitment as is under watering, especially for surface placed seeds. 

In addition to water stress, in both 2013 and 2014, TKS seedlings did not recruit well when the 

temperature was cool or too warm. In 2013, we had a hot summer and in 2014 we had a cold 

spring. Our results show low recruitment levels in both of these periods. So seasonal temperature 

and rainfall play pivotal roles in the level of recruitment success for this imprecise species and 

the best recruitment occurs under conditions that resemble the native habitat of TKS.   

   On the topic of adaptation, it is also important to recognize that TKS is not a fully 

domesticated crop. There has been only a limited breeding effort on this crop to-date. Most of 

these efforts started since 2005 (Roseberg 2008), and in particular there has been little or no 

breeding work to improve the practical recruitment of this species from seed. The levels of 

recruitment we witnessed (less than 10% generally) would not necessarily be unusual for wild 
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type species including many weeds (Cici and Van Acker 2009) and so we should perhaps not be 

surprised by the lack of success we had.  

5.1.3 Planting depth 

   The best TKS planting depth is a key point for future studies. According to the results from our 

depth experiment, 2cm was the optimum depth of plating. That was a predictable finding because 

TKS seeds are very small and light and we assumed that by planting seedlings at 2cm in the field 

we could protect them against climate challenges such as hot and cold temperatures, or drying 

out, or spreading by wind. However, when we planted seedlings at 2cm in the field, we had 

reduced recruitment. By planting at the surface of the soil in the 2014 experiment, we achieved 

better recruitment. This means that we cannot use planting depth to overcome the temperature or 

moisture requirements for recruitment of these seedlings and these points to the need for mulches 

and/or watering regimes to aid recruitment.        

5.1.4 Research sites 

   In both years we had two sites (Simcoe Research Station and the Guelph Centre for Urban 

Organic Farming - GCUOF) with two different soil types. At neither site were we able to achieve 

high recruitment levels (our highest recruitment level was 14.8%). It may be that the two sites we 

chose had soil types that were either too coarse or too fine and perhaps the soil types we used did 

not resemble soil types at the original habitat of Russian Dandelion. This may point to a need to 

investigate field recruitment at a broader range of sites over a broader range of soil types.     
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5.2 Recommendations for future research 

   For future studies there are some strategies and recommendations based on what we have 

found in our study and which would help in achieving better TKS field establishment.   

5.2.1 Using covering mulches   

   Our results show (to some extent) that by utilizing mulch covers (straw mulch or horticultural 

white cloth mulch) we got better recruitment. As explained above, TKS seedlings have some 

challenges in terms of adaptation to Ontario’s climate, temperature fluctuation and water stress 

are two of them. Mulches behave like a cover on TKS seedlings and control temperature 

fluctuations and limit water evaporation. In our field studies, treatments that were covered with 

straw mulch (2013 and 2014) or horticultural mulch (2014) had better recruitment but we wonder 

if we could refine these treatments somehow to achieve even better effects. Abdul-Baki et al. 

(1996) reported that utilizing cover mulches especially polyethylene mulches increased the 

number of emerged seeds by reducing the competition between weed seeds and increasing the 

temperature of the soil. Utilizing polyethylene mulches will be a topic for future studies because 

as we found at this study, TKS seedlings recruit better at warmer (although not hot) 

temperatures.            

5.2.2 Breeding with native Dandelions 

   Common Dandelion (Taraxacum officinale) is a very common weed in Canada (Hacault and 

Van Acker 2006). One possibility for the future studies is to conduct breeding crosses between 

Russian Dandelion and common Dandelion. By crossing these two species, it may be possible to 

produce plants better adapted to this region’s weather. As Van Beilen and Poirier (2007) reported 

one of the key points for TKS to be a profitable source of natural rubber is to increase the ability 

https://www.google.ca/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB4QFjAA&url=http%3A%2F%2Fen.wikipedia.org%2Fwiki%2FTaraxacum_officinale&ei=xpYJVbuRHc6PyAS-soHACg&usg=AFQjCNE2htZmkHa-mPi42VDgE6OfOhoJcA
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to adapt TKS to more agronomic properties; one possibility is hybridization with common 

dandelion (T. officinale). However, this approach has some challenges. First, the reason that TKS 

has become a valuable source of natural rubber is the quality of rubber in its roots. We do not 

know if crossing with common dandelion would reduce the quality of rubber in TKS roots. 

Secondly, we still do not know if plants resulting from the crosses would establish any better 

from seed in field sites given that common dandelion seeds are also small and relatively fragile 

and they establish best in moist conditions, from the surface and under a protective canopy 

(Hacault and Van Acker 2006).  

5.2.3 Seed Coating  

   Seed coating is a common solution for seeding many small seeded species such as turfgrasses 

to overcome some of the challenges that we experienced in establishing TKS from seed in the 

field, including the ephemeral nature of conditions for small seeds planted near or on the soil 

surface. During this project we did have discussions with companies that do grass seed coating, 

but these companies need a certain quantity of TKS seeds to be able to coat a batch and we never 

did have enough seed at any one time to do this. Turner et al. (2006) noted that seed coating 

significantly improved the emergence of Gompholobium tomentosum and R. ciliata seeds. The 

results of their study showed that polymer seed coating might be a beneficial and practical 

strategy to increase the number of emerged seeds. In addition, Scott (1974) reported that coated 

grass seeds increased the emergence of seeds that are sown at the surface of the soil. Given our 

results, especially the fact that TKS seed recruits best from very near the surface, we think it 

would be worthwhile to explore the potential of seed coating as a means for improving field 

establishment. We did use a polymer powder (Zeba foam) that is used for seed coatings to do 

some kind of coating for the seeds (an in furrow application), but the results were the opposite of 
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what we were hoping for and as we explained, we thought that in wet years, this polymer (which 

holds water very well) might have a negative effect on TKS seedlings recruitment because it 

holds too much water and accelerates seed rot.  

5.2.4 Over seeding 

   The best recruitment rate we achieved in the field was 14.8%. One idea for trying to achieve a 

more reasonable commercial recruitment level is over seeding. This is a strategy that is used in 

turfgrass establishment (Reicher and Hardebeck 2002) but it would require a very large quantity 

of TKS seed. As explained above, in our project we never had large amounts of TKS seed 

available and we had to produce seed in greenhouses under controlled conditions. This needs lots 

of space and work and it’s expensive. Although having TKS as an alternative source of natural 

rubber is vital for the future of rubber industries, we do not want to make this process very 

expensive especially in light of recent oil prices. Nonetheless, perhaps there could be work done 

to improve seed production to allow for over seeding as a strategy.   

5.2.5 Transplanting 

   As explained in my literature review, transplanting of TKS seedlings was not very successful 

because many TKS seedlings cannot survive transplanting. TKS seedlings germinate very well 

under controlled conditions such as in a greenhouse, but the conditions in a greenhouse are very 

different from those in the field, not least of which the ephemeral nature of heat and humidity in 

the field versus the greenhouse. In addition, the morphology of TKS does not seem to favor 

transplanting. The rosettes cannot be planted into soil easily in the field; they sit at the soil 

surface and often dry out and die (R. Grohs, personal communication). In addition, because of 

the rosette morphology, TKS seedlings do not fit well with automated or semi-automated 
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transplanting machinery. Lastly, as per the challenges with over seeding and producing enough 

TKS seed, producing enough TKS seedlings in the greenhouse is also challenging, time 

consuming and expensive, especially if the survival rate for transplants is low. Nonetheless, 

transplants will be important for commercial production of TKS even if they are established in 

the field from seed because transplants will be needed, as per other horticultural transplanting 

approaches (see Orzolek 1991) to fill gaps in rows in the field in order to achieve target field 

densities.    

5.2.6 Soil type 

   TKS seedlings recruited better at the Simcoe site (with a sandy soil type) than at the Guelph 

site (with a loamy soil type). Heavier soil types, such as loamy soils, might be too resistant for 

TKS seedlings to make their way out of the soil. It may be that TKS production would be more 

suited to coarser textured soils. Our study was limited to only two sites and two seasons. There 

would be value to having more research sites with different weather (temperature and 

precipitation) and soil conditions (pH of the soil, structure of the soil, etc.) to find out even more 

broadly under which conditions in Ontario TKS seedlings will recruit well.                   

5.3 Conclusion 

   To conclude, what I want to highlight after two years of working with TKS seedlings is the 

following:  

 TKS seedlings recruit best under warmer (but not hot) temperatures (<25
 o
C). In our 

study we had the best recruitments when the temperature was around 20 
o
C. To save time 

and money, I do not recommend seed sowing at cool temperatures (less than 20 
o
C) 

 TKS seedlings prefer light soil types (such as a sandy soil type). 
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 The best planting depth for TKS seedlings is at the surface of the soil. In this case 

protecting seeds against weather conditions is vital. The key point is soil surface drought; 

it is important to keep the soil moist all the time. 

 Utilizing mulch is recommended to protect seeds from weather threats such as spreading 

by wind. In addition, covering mulches will control the temperature of the soil and soil 

surface drought.  

 TKS seed coating is recommended to lead to a better recruitment. The challenge we had 

in our study in this regard was having enough seed to coat. Producing enough TKS seed 

remains a challenge.           
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Chapter 7 - Appendix 

 

Table 7.1 Tables represent Analysis of Variance (ANOVA) results and parameter estimates 

and standard errors for the regression of cumulative emergence timing (% emergence) of 

TKS seedlings versus weeks after seeding for trials run at Simcoe and Guelph, Ontario, 

Canada in 2013 and 2014, using the following equation.  

 

 

These tables relate to the regressions in figures 4.2 and 4.3. 

2013 Spring Simcoe 

Source DF Sum of 
Squares 

Mean Square F Value Approx Pr > 
F 

Model 3 39954.3 13318.1 107.51 <.0001 
Error 26 3220.9 123.9   

Corrected 
Total 

29 43175.3    

 

Parameter Estimate Approx Std 
Error 

Approximate 95% Confidence 
Limits 

C -5.1463 6.4564 -18.418 8.125 
D 99.7936 7.3917 84.5998 115 
B -6.1561 1.5907 -9.4258 -2.8863 

Week50 2.7245 0.1456 2.4252 3.0237 

 

2013 Fall Simcoe 

Source DF Sum of 
Squares 

Mean Square F Value Approx Pr > 
F 

Model 3 45147.3 15049.1 418.36 <.0001 
Error 26 935.3 35.9716   

Corrected 
Total 

29 46082.6    

 

Parameter Estimate Approx Std 
Error 

Approximate 95% Confidence 
Limits 

  

C -0.9685 3.445 -8.0498 6.1128 
D 99.2547 3.7433 91.5603 106.9 
B -13.855 6.0552 -26.302 -1.4082 

Week50 2.6486 0.1528 2.3344 2.9627 
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2014 Summer Simcoe 

Source DF Sum of 
Squares 

Mean Square F Value Approx Pr > 
F 

Model 3 38939.4 12979.8 153.74 <.0001 
Error 26 2195.2 84.4297   

Corrected 
Total 

29 41134.6    

 

Parameter Estimate Approx Std 
Error 

Approximate 95% Confidence 
Limits 

  

C 0.0274 5.7233 -11.737 11.7918 
D 103 8.1786 86.23 119.9 
B -3.7086 0.7507 -5.2516 -2.1656 

Week50 3.3595 0.1909 2.9671 3.7519 

 

2014 Spring Guelph 

Source DF Sum of 
Squares 

Mean Square F Value Approx Pr > 
F 

Model 3 65214.2 21738.1 595.23 <.0001 
Error 26 949.5 36.5207   

Corrected 
Total 

29 66163.7    

 

Parameter Estimate Approx Std 
Error 

Approximate 95% Confidence 
Limits 

  

C -0.0345 2.0143 -4.175 4.106 
D 96.1029 2.554 90.8531 101.4 
B -41.658 130.3 -309.5 226.2 

Week50 4.6799 0.9708 2.6844 6.6754 
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Table 7.2. Effect of Planting Date, Watering Frequency, Polymer Use and Mulching on Seedling 

Establishment of Russian Dandelion (Taraxacum kok-saghyz) in 2013 in Two Sites in Ontario 

(Guelph and Simcoe)
z 

Cov Parm Estimate Standard Error Z Value Pr > Z 

rep(site) 0.06394 0.0627 1.02 0.1539 

Residual 0.8866 0.106 8.37 <.0001 

Effect Num DF Den DF F Value Pr > F 

Planting date 2 140 31.86 <.0001 

Site 1 4 7.91 0.0482 

Site*planting date 2 140 14.12 <.0001 

Watering frequency 2 140 1.28 0.2802 

Planting date*watering frequency 4 140 2.76 0.03 

Site*watering frequency 2 140 0.47 0.6239 

Site*planting date*watering frequency 4 140 0.93 0.4509 

Mulch 1 140 0.31 0.5775 

Mulch*planting date 2 140 0.07 0.9295 

Site*mulch 1 140 11.16 0.0011 

Site*mulch*planting date 2 140 3.6 0.0298 

Mulch*watering frequency 2 140 0.66 0.5171 

Mulch*planting date*watering frequency 4 140 1.89 0.1159 

Site*mulch*watering frequency 2 140 1.23 0.2953 

Site*mulch*planting date*watering frequency 4 140 0.67 0.617 

Polymer 1 140 25.66 <.0001 

Planting date*polymer 2 140 0.9 0.407 

Site*polymer 1 140 10.42 0.0016 

Site*planting date*polymer 2 140 1.27 0.2828 

Watering frequency*polymer 2 140 0.1 0.9037 

Planting date*watering frequency*polymer 4 140 0.9 0.4676 

Site*watering frequency*polymer 2 140 0.35 0.7037 

Site*planting date*watering frequency*polymer 4 140 0.96 0.4304 

Mulch*polymer 1 140 0.75 0.3878 

Mulch*planting date*polymer 2 140 0.92 0.4013 

Site*mulch*polymer 1 140 0.52 0.4712 

Site*mulch*planting date*polymer 2 140 0.59 0.5561 

Mulch*watering frequency *polymer 2 140 1.22 0.2973 

Mulch*planting date*watering frequency*polymer 4 140 0.08 0.9873 

Site*mulch*watering frequency*polymer 2 140 1.17 0.3121 

Site*mulch*planting date*watering frequency*polymer 4 140 0.31 0.8716 
z
 test was arranged as a randomized complete block; watering frequency: 1) no watering 2) watering every 2 days 3) 

watering every three days; mulch (use of mulch or none); polymer (use of polymer or none).   
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z test was arranged as a randomized complete block; watering frequency: 1) no watering 2) watering every 2 days; 

mulch (horticultural mulch, straw mulch or none); planting depth (0cm, 2cm).   

 

Table 7.3. Effect of planting date, watering frequency, planting depth, and mulching on seedling 

recruitment of Russian Dandelion (Taraxacum kok-saghyz) in 2014 at two sites in Ontario, Canada 

(Guelph and Simcoe)
z 

Cov Parm Estimate Standard Error Z Value Pr > Z 

rep(site) 9.3E-05 0.00783 0.01 0.4953 

Residual 0.3896 0.04657 8.37 <.0001 

Effect Num DF Den DF F Value Pr > F 

Planting date 2 140 91.29 <.0001 

Site 1 4 0.38 0.5731 

Planting date*site 2 140 101.49 <.0001 

Watering frequency 1 140 0.96 0.3279 

Planting date*watering frequency 2 140 1.2 0.3054 

Site*watering frequency 1 140 0.2 0.6573 

Planting date*site*watering frequency 2 140 0.56 0.5724 

Mulch 2 140 28.66 <.0001 

Planting date*mulch 4 140 2.47 0.0478 

Site*mulch 2 140 7.75 0.0006 

Planting date*site*mulch 4 140 4.27 0.0027 

Watering frequency*mulch 2 140 0.91 0.4037 

Planting date*watering frequency*mulch 4 140 0.2 0.9389 

Site*watering frequency*mulch 2 140 2.6 0.0781 

Planting date*site*watering frequency*mulch 4 140 1.12 0.3473 

Depth 1 140 13.05 0.0004 

Planting date*depth 2 140 2.21 0.114 

Site*depth 1 140 3.07 0.0819 

Planting date*site*depth 2 140 0.52 0.5934 

Watering frequency*depth 1 140 4.31 0.0398 

Planting date*watering frequency*depth 2 140 1.16 0.3153 

Site*watering frequency*depth 1 140 0.07 0.7929 

Planting date*site*watering frequency*depth 2 140 2.35 0.0995 

Mulch*depth 2 140 2.58 0.0797 

Planting date*mulch*depth 4 140 3.45 0.0101 

Site*mulch*depth 2 140 1.41 0.2468 

Planting date*site*mulch*depth 4 140 2.61 0.038 

Watering frequency*mulch*depth 2 140 1.46 0.2357 

Planting date*watering frequency*mulch*depth 4 140 0.83 0.506 

Site*watering frequency*mulch*depth 2 140 2.42 0.0925 

Planting date*site*watering frequency*mulch*depth 4 140 2.18 0.0739 


