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ABSTRACT 

Genotype by Environment Interaction Effect on Starch, Fibre and 

Agronomic Traits in Potato (Solanum tuberosum L.) 

Stephanie Bach Advisor: 

University of Guelph, 2011 Dr. J. Alan Sullivan 

 

In this thesis, the relationships between 17 traits including starch, fibre, culinary quality 

and agronomic parameters of potato were investigated. In two studies, 12 genotypes 

were grown at three locations in Ontario and 18 genotypes were grown at four locations 

in Manitoba, Ontario and New Brunswick. Genotype by environment interactions were 

significant for fibre and agronomic traits, except bake score and specific gravity. 

Correlations were found between some, but not all, starch, fibre and agronomic 

parameters. Several genotypes containing desirable starch, fibre and agronomic profiles 

with high stability were identified. Although no single genotype was superior in all 

analyzed traits, certain genotypes excelled in specific attributes. CV96044-3 had the best 

starch and fibre profile, but low yields compared to other cultivars. Three genotypes, 

CV96044-3, F04037 and Goldrush, may be useful parents in a breeding program to 

improve starch and fibre characteristics, producing cultivars containing all desirable 

traits. 
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Chapter 1: Literature Review 

 

1.1 Introduction 

 The potato (Solanum tuberosum L.) is the third most important crop grown in the 

world today for human consumption – surpassed only by rice and wheat (FAOSTAT, 

2008; CIP, 2011). As reported by the Food and Agriculture Organization (FAO) of the 

United Nations in 2008, it is the most important non-cereal crop. In 1983, the annual 

potato production worldwide was 264 million tonnes but by 2008, that figure exceeded 

325 million tonnes – nearly a 25% increase. In 2006, seven percent of Canadian potato 

production was from Ontario (Agriculture and Agri-Food Canada, 2007). From 2001 to 

2006, Ontario’s potato acreage declined 12% but average yield increased 13%. 

The centre of origin for potato lies on the border of Peru and Bolivia at Lake 

Titicaca in the Andean Mountains (Salaman, 1949). Potato is native to a cool, dry and 

temperate short day environment. Since its introduction to Europe in the 1500s by the 

Spanish, its range of adaptation has expanded to include a wider variety of 

environmental conditions (Hobhouse, 1999). 

The exact time period of origin is debatable, but over 8000 years ago, the Inca 

peoples of South America had already been growing the potato at elevations of 3800 m 

(Lutaladio and Castaldi, 2009). Potato was a staple in the Inca and Aymara Indian diets, 

due to the ability of the tuber crop to grow in the higher altitudes. The potato was such 

an important crop that pottery was sculpted around the potato – with some pieces 

resembling potatoes down to the deep eyes found in native varieties (Salaman, 1949). 
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 The Spanish Conquest of the 1500s was to gather the valuable resources of gold 

and silver. However, the Spaniards were met with disappointment and instead brought 

back the potato, which turned out to be a very valuable commodity. It took several 

centuries for the potato to gain acceptance in Europe where it remained a lower class 

food despite its ability to ward off scurvy (Salaman, 1949). Prior to the 1650s, it was 

mostly grown as a garden crop or as animal feed. The limited acceptance of the potato 

was due, in part, to its close relation to the Solanaceae family of poisonous nightshades. 

It was not until the 1800s that the potato finally gained wide acceptance in Europe. 

  

1.2 Potato history and characteristics 

 In the wild, potato plants are perennial tuberous crops. During modern 

cultivation, it is managed as an annual, until tubers are set and can be harvested. It is a 

cross pollinating, mostly self-incompatible plant, typically pollinated by bumblebees and 

other insects (Harris, 1978). Despite the mode of reproduction, pollination has no 

bearing on tuber set. The modern day cultivated potato plant, S. tuberosum, is an 

autotetraploid with 48 chromosomes. Autotetraploid plants arose from spontaneous 

chromosome doubling somewhere in the ancestry of the plant. The ploidy level of wild 

species of potato can vary from diploid to hexaploid. 

 As a member of the Solanaceae family, potato is closely related to tomato, 

eggplant, peppers and other toxin-producing plants. In potatoes, these toxic compounds 

are steroidal glycoalkaloids – a sugar alkaloid compound – mostly in the form of α-

solanine and α-chaconine (Mandamika et al., 2007). Solanine is the combination of a 
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sugar molecule (solatriose) with an alkaloid compound (solanidine), while chaconine is 

the combination of chacotriose and solanidine. Both are natural defence mechanisms of 

the potato, as they possess fungicidal and pesticidal properties. They are produced 

mostly in the leaves and true seeds but can also be produced in the tubers if they are 

exposed to sunlight – characterized by greening on the skin of the potato tuber. The 

greening occurs from the increase in chlorophyll production due to exposure to sunlight. 

It also coincides with the increased production of glycoalkaloids to prevent the exposed 

tuber from being eaten by insects. Glycoalkaloids are bitter in taste and in vitro studies 

have shown α-solanine to affect mitochondria and Ca2+ concentrations leading to cell 

damage and apoptosis in human liver cancer cells (Gao et al., 2006). In high enough 

concentrations, it may also have toxic effects on humans (Friedman et al., 2003). 

 The potato is a versatile food crop that is served in a multitude of formats across 

the world. A potato tuber is roughly 20% dry matter (DM), with anywhere from 60 to 

80% or more of this dry matter composed of starches – making it a food rich in 

carbohydrates (Lutaladio and Castaldi, 2009). In addition, potatoes are also rich in 

Vitamin B, C, antioxidants, many macronutrients, and low in fat (Salaman, 1949). 

Potato plants are not propagated from true seed for several reasons. The 

potato’s higher ploidy levels and tendency to cross pollinate result in plants from true 

seed bearing little to no resemblance to the parent plant. Also, true seed propagation is 

slow and labour intensive. The plants are generally small and weakly vegetative. They 

bear few to no tubers and take several growing seasons to begin producing acceptable 

amounts of yield. For these reasons, potatoes are generally propagated from tubers. 
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Tubers are cut into sections, each containing one or two eyes. The eyes will sprout and 

form a new plant. These resulting plants are vegetatively vigorous with worldwide 

production averages of 17,444 kg ha-1 (Irogoyen et al., 2011). 

  

1.3 Potato production and growth cycle 

 Potato is a short season crop best adapted to cool, temperate zones. Since the 

introduction of the potato into Europe and North America, it has been further cultivated 

to adapt to a wide variety of environmental conditions. From temperate maritime 

conditions in Ireland to humid, continental conditions of southwestern Ontario, the 

adaptability of the potato crop has led many to see it as a vital food-security crop 

(Lutaladio and Castaldi, 2009). 

 The potato production cycle has many stages, beginning with planting (Potato 

Growers of Alberta, 2009). After potato plants have sprouted, they enter the vegetative 

stage where above ground foliage is rapidly produced. The next stage, tuber growth, 

happens below the soil surface, where excess carbohydrate is shunted to the roots and 

form potato tubers. After tuber growth, the plant reaches maturation, it is harvested 

and stored. 

 At the time of planting, cut and healed tuber sections with a strong sprout are 

planted (Beukema and Gietema, 2011). Cutting seed pieces can increase chances of 

fungal and bacterial infections, so it is important for wound healing and the formation of 

a new protective skin to occur. Wound healing is quickest at 15°C in high humidity and 

oxygen. Planting does not occur until the soil is at a minimum of 4°C – typically during 
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the month of May in northern temperate regions. Temperatures of lower than 4°C do 

not promote sprouting or the breaking of dormancy. 

 Potatoes are planted in hills (Beukema and Gietema, 2011). Hilling is the process 

of mounting soil around the base of the plant and is usually done mechanically. Potatoes 

are hilled to promote tuber production in the plant. Hilling also helps to stabilize the 

plant during the vegetative growth stage, as there is more soil surrounding the plant 

during development. Later in development, potato hills are important to ensure 

potatoes remain underground, away from sunlight, to avoid greening and the 

production of toxic glycoalkaloids. 

 During vegetative growth, the plant will form stolon tips on the end of the roots 

and sprout leaves on the above ground plant (Harris, 1978). Depending on the genotype, 

the plant can be tall with few shoots and small leaves or short and bushy with several 

shoots and large broad leaves.  

 During and after flowering, the potato plant enters tuber growth where the 

shunting of sugars from the source (leaf) to sink tissues (tubers) begins (Harris, 1978). 

Depending on the potato genotype, maturity can take three to 10 weeks. For early 

potatoes, harvesting can begin as soon as a few weeks after flowering. Early varieties 

can be harvested as early as 70 days after planting (DAP), mid season varieties at 90 DAP 

and late season varieties 120 DAP or longer. New potatoes can also be obtained from all 

varieties of plants, by harvesting potatoes before the plant has reached full maturity – 

when the above ground plant has died and the below ground tubers have hardened and 

russeted their skins. Maturity can be affected by environmental factors, such as the 



6 
 

availability of water and carbohydrate through excess photosynthates from the foliage. 

Interactions between the genotypic and environment are also expected to play a minor 

role in varying maturity rates.  

Aside from natural maturation, chemical induction of maturity is a common 

practice. At least one week before harvest, plants are vine killed with Reglone® at label 

rates. The method of vine killing and desiccation forces the tubers to maturity as the 

source of carbohydrate is severed. Potato tubers remain healthy long after the vine 

killing of the plant because they are underground. However, damage to tubers can occur 

from wild animals after prolonged storage underground, so it is best to harvest potatoes 

soon after vine killing. 

After harvest, potatoes are stored in climate controlled rooms with humidity 

control. Potatoes are best stored at 12°C or less and at least 90% humidity in the dark 

(Oregon State University, 2010). Lower temperatures decrease respiration and keep 

seed potatoes dormant, but too low of temperatures can cause low temperature 

sweetening (Duplessis et al., 1996). Warmer temperatures can encourage diseases and 

sprouting and light creates potato greening (Woodell et al., 2009). Humidity levels are 

kept high in potato storage chambers to reduce the amount of weight loss and potato 

shrinkage that occurs over time and reduces the quality and palatability of potatoes. If 

potatoes are destined for processing, hormones – like 1-naphthaleneacetic acid (NAA) – 

are applied to prevent sprouting from occurring. Other chemical sprout inhibitors, such 

as chlorpropham (CIPC) and maleic hydrazide, are also commonly used to prevent 

sprouting in stored tubers (Lewis et al., 1997; Frazier et al., 2007). 
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1.4 Potato processing 

Processing of potatoes into other products began centuries ago to avoid wasting 

of any part of the potato. With the Irish potato famine of 1845, processed potato 

products increased in popularity as a food product with a longer shelf life (Salaman, 

1949). The first processed products were in the form of dried potato, such as meal and 

flour. Not only did processing into dried powder forms help reduce the amount of 

spoiled potato; it substantially increased packing density during shipping and storage. 

In the food industry, potato starch is used as a gelling agent in pie fillings, 

puddings and custards (Salaman, 1949). Fresh potato can also be used to make vodka 

through fermentation and distillation. On a per ton basis, potato produces less alcohol 

than grains, but when comparing the alcohol production per acre of yield, potato 

surpasses that of the grains. 

Potato starch is also used in textiles and plastics. Dextrins and gums are 

produced from acidified starch and used as adhesives or as textile printing ink. Purified 

dextroses from potato starch are also a constituent of pharmaceutical products. 

 Potato and its processed forms are a large part of the international market, 

especially in Europe. In the 1990s, potato starch made up nearly a quarter of the starch 

market in Europe, and equated to 7% of the international starch market (Yuryev, 2004). 

The trend in potato usage is diverging from fresh product into commercial 

processed foods. Fresh weight consumption of potatoes is steadily decreasing while the 

processed potato products are on the rise (Agriculture and Agri-Food Canada, 2007).  
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The increase in processed potato consumption is not as steady and dramatic as 

the decrease in fresh consumption, in part due to the misconception that potato is not a 

healthy food choice (Haase, 2008). This misconception arises from the incomplete 

understanding of the glycemic index (GI). GI was introduced in 1981 by David Jenkins 

and his research group (Jenkins et al., 1981). GI is a numerical value that ranks foods on 

a scale of 0 to 100 and measures a food’s ability to affect human blood sugar levels. A GI 

value can be determined for all foods that contain starches, because the starches break 

down into glucose molecules – the sugar that travels into the bloodstream and changes 

blood sugar levels. Foods with a high GI value are digested quickly and release sugars 

quickly into the body, while foods with a low GI value are digested slowly and thus 

release sugars slowly into the body. Foods with low GI values are considered healthy 

food choices, as they have the innate property of moderating blood glucose levels, while 

foods with a high GI value are considered to be the opposite. Although there are many 

foods that rank high on the GI value list, potato has been associated with negative 

contributions to diet and health (Ludwig, 2002, Haase, 2008). 

Haase (2008) describes a phenomenon in the developed countries he calls 

“super nutrition”. The easy access to processed food products on grocery store shelves 

has made it increasingly simple to overload the daily recommended intake of calories, 

carbohydrates, protein and fat. This had led to a drastic increase in obesity across the 

world. The opposite end of the “super nutrition” spectrum is enforced by diet 

developers and consumers, who believe potatoes are high in calories and fat, an 

incorrect assumption (Haase and Haverkort, 2006). A 200 g portion of potato provides 
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only 6% of the daily caloric intake and 0.3% of the daily recommended intake of fat 

(Haase, 2008). Disregarding this enlightening information on caloric and fat aspects of 

potatoes, those following this trend avoid all potato products because of the high GI 

value and its association with cardiovascular diseases (CVD). 

This trend is exacerbated by the introduction of more “fad diets” targeted at 

avoiding potato consumption. The South Beach Diet works to eliminate high GI foods 

(Agatston, 2003), the Atkins Diet works by restricting the amount of carbohydrates 

eaten (Atkins, 2002), and there even is a No White Foods Diet, restricting the ingestion 

of anything white because of the high carbohydrate content (Gavin, 2004). Since the 

goal of these fad diets is to lose weight, the ingestion of carbohydrates is seen as an 

opposing force. The fad diets promote weight loss by restricting carbohydrate intake so 

the body burns fat instead of sugars. All foods high in carbohydrate content are 

restricted because of the difficulty it creates in losing weight (including breads), with the 

unfortunate effect of “scapegoating” the potato. 

 To better understand the GI value of potato, it is important to discuss 

components of potato, and foods in general, that contribute to human blood sugar 

index and what is causing the misconception by consumers. This contributing factor is 

the starch contained within foods. 

 

1.5 Starch 

 Starch is a large polysaccharide composed of ᴅ-glucose molecules linked 

together by glycosidic bonds. This is the most common form of carbohydrate in the 
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human diet, as it is present in a large number of plants – including wheat and potatoes. 

Starch is comprised of two main components: amylose and amylopectin. Amylose is a 

straight chain polymer of glucose molecules, while amylopectin is the branched chain 

version. Typically, amylose makes up approximately 20 to 30% of potato starch and 

amylopectin makes up the remaining 70 to 80%. All of the starches, in potatoes and 

other plants, are derived from the α-ᴅ-glucopyranose form of cyclic ᴅ-glucose, a six 

membered ring consisting of five carbons and a single oxygen. 

Amylose consists of glucose molecules linked through α(1,4) glycosidic linkages. 

This linkage occurs via the dehydration process between carbon-1 and carbon-4 of two 

adjacent glucose molecules. The resulting disaccharide – maltose – is two glucose 

molecules covalently bonded via the loss of a water molecule (Campbell and Reece, 

2008). The continuation of this dehydration process creates long strands of linked 

glucose molecules. Amylose can contain anywhere from 500 to 20000 glucose units (Taiz 

and Zeiger, 2010). 

 Amylopectin has α(1,4) glycosidic linkages, but also creates α(1,6) linkages for 

branching. The α(1-6) linkages occur when the hydroxyl group of carbon-1 reacts with 

the hydrogen atom on carbon-6 instead of carbon-4 to release a molecule of water. The 

α(1,6) linkages occur every 20  glucose units, but given the massive size of amylopectin 

(106 glucose units), this actually creates a very highly branched molecule in comparison 

to amylose (Campbell and Reece, 2008; Taiz and Zeiger, 2010). 

Starch is present in the potato tuber in organelles called amyloplasts, or starch 

granules (Zeeman et al., 2010). These starch granules have distinct rings of growth 
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which can be seen under scanning electron microscopy. The rings represent crystalline 

and amorphous growth of the starch molecules. The crystalline matrix is characterized 

by left handed helices of straight glucose chains and the amorphous ring contains the 

branch points of amylopectin. Due to the constraints of the ring formation, amylose is 

only present within the crystalline structures. Amylopectin, a large molecule, can 

traverse rings and potentially span the entire granule.  

Amylopectin is the major component, typically making up 70 to 80% of the 

available starch. The remaining 20 to 30% is present in the form of amylose (Zeeman et 

al., 2010). This ratio of starch fractions is under enzymatic control. With only one 

enzyme – granule-bound starch synthase (GBSS) – responsible for amylose production 

and at least five for amylopectin, it is no wonder amylopectin is in greater abundance. 

Amylopectin has four soluble starch synthases (SS) enzymes (SSI, SSII, SSIII and SSIV) 

responsible for starch synthesis. Branching enzymes (BEs) are present for the creation of 

branch points. In addition to these enzymes, GBSS is also able to elongate amylopectin 

chains. The physical constraint of straight chains of glucose only in the crystalline ring 

matrix results in the manifestation in amylose production in shorter chain lengths 

compared to amylopectin. The higher ratio of amylopectin to amylose is due in part to 

the four enzymes available for amylopectin production versus only one for amylose.  

 Starches can also be classified according to their in vitro digestibility that reflects 

in vivo physiology (Englyst et al., 1992). There are three categories: rapidly digestible 

starch (RDS), slowly digestible starch (SDS) and resistant starch (RS). RDS is broken down 

into free glucose units in the first 20 minutes post ingestion while SDS is broken down 
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between 20 and 120 minutes after ingestion. All remaining starches that are still 

undigested after 120 minutes are categorized as RS. The differences in these starches 

are not based on the molecular structure of the compounds, but are based on the time 

required to break down in the human digestive tract. This categorization of starches is 

more relevant and important than amylose and amylopectin ratios when discussing how 

the food we eat affects the GI value and human health. 

 

1.6 Glycemic Index 

 To measure GI, meal portions containing the same amount of carbohydrate each 

(50 g) are given to fasting individuals and post-prandial (after eating) blood glucose 

levels are monitored over a two hour period. Dose response curves of the test food and 

a standard glucose sample are plotted. The area under the curves of the test food is 

expressed as a percentage of the glucose. Although Jenkins failed to find a significant 

correlation between food sugar content and blood sugar levels, subsequent studies in 

the field have validated such a claim, and given clinical value to GI as a tool to assess 

dietary quality of different foods (Jenkins et al., 1981; McKeown et al., 2009). 

 GI values for foods have three classification groupings – low, medium and high 

(Lynch et al., 2007). Low GI foods have values up to 55, medium GI foods have values 

from 56 to 69 and high GI foods have values of 70 and higher (University of Sydney, 

2010). Foods with low GI raise blood sugar levels slowly and over a long period of time, 

creating smaller and more even fluctuations in blood sugar levels. Foods with a high GI 

value, in contrast, cause very rapid spikes in blood sugar levels, followed by a rapid 
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decline soon after ingestion. It is common for higher GI foods to decrease blood sugar 

levels below baseline during its descent, which has been termed the “crash” after 

ingesting sugary foods.  

 Potatoes can have a wide range of GI values, depending on the genotype of 

potato tested, the method of working and how it is consumed. Henry et al. (2005) 

tested several potato genotypes available in Great Britain and found GI values ranging 

from 59 to 94. The waxy potatoes had medium GIs and the floury potatoes had high GIs 

(Henry et al., 2005), compared to regular white bread with a GI of 71 – a high GI food 

(Englyst et al., 1992). Waxy potatoes have higher amylopectin content, up to a 

maximum of 100% (Eriksson, 1969). In general, waxy potatoes are high in moisture and 

low in starch while floury potatoes are high in starch. Although the Henry et al. (2005) 

study highlighted the large amount of variability in starch and GI values in available 

potatoes, the correlation to amylose, amylopectin and their in vivo physiology remains 

unclear. Little research has been done to connect physiological effects of foods with the 

biochemical properties they contain. 

Other studies have provided insight into variability in potato GI values (Wolever 

et al. 1994; Fernandes et al., 2005; Parada and Aguilera, 2009). Wolever et al. (1994) 

and Fernandes et al. (2005) found different genotypes and cooking methods produced 

differences in GI values, although a later study did not (Soh and Brand-Miller, 1999). 

Parada and Aguilera (2009) connected starch granule size and gelatinization properties 

to in vivo digestibility. Kinnear et al. (2011) also conducted studies on the differences in 

GI when consumption method changes. Fresh boiled, cold and reheated potatoes were 
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tested and significant differences were found between methods. Fresh boiled potatoes 

had significantly higher GI values than their cold or reheated counterparts within a 

potato genotype. Such research findings are just another piece of the complex puzzle 

that represents the physiological effects of foods eaten. 

A diet high in simple sugars has been implicated in many factors leading to a 

diabetic prognosis, and coronary heart disease (CHD) (Brand-Miller et al., 2006). Potato 

has commonly been implicated in this matter. Dieticians and nutritionists have been 

encouraging patients to adopt diets abundant in low GI foods, which hold moderate 

blood glucose levels, and create less pancreatic stress (Brand-Miller et al., 2006). The 

problems with large fluctuations in blood glucose are the increased chance of impaired 

fasting glucose or even insulin resistance. Impaired fasting glucose is the condition 

where fasting blood glucose levels are elevated, but not enough to trigger the prognosis 

of diabetes. Insulin resistance is considered to be an underlying cause of type II diabetes 

mellitus (TIIDM), where the liver and muscles are inefficient at taking up glucose into 

the cells. As a result of the elevated blood glucose levels, the pancreas continues to 

produce more insulin to promote glucose uptake, until the point where the pancreatic β 

cells are no longer able to produce insulin to respond to the high blood glucose levels 

(Brand-Miller, 2006). The University of Sydney’s GI website 

(http://www.glycemicindex.com/) has also actively encouraged the reduction of potato 

consumption, citing weight loss, lower cholesterol and lower heart disease risk as 

potential outcomes (University of Sydney, 2010). Since this and other information is 

readily available on the internet, potatoes have quickly become the scapegoat for those 
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at risk of the metabolic syndrome (Ludwig, 2002; McKeown et al., 2004; Radulian et al., 

2009). What we are forgetting is the nutritional value in potatoes which has made it a 

staple in so many diets (Hobhouse, 1999). 

 The most important aspect when discussing potato starch and the impact on 

human health is the type of starch. As discussed in section 1.5, starches fall into three 

categories based on the digestibility. When speaking of post-prandial blood glucose 

levels, the type of starch that has the greatest effect is RDS. Because it is so quickly 

broken down into simple sugars, it causes a swift and significant spike in blood sugar 

levels, resulting in hyper-elevated blood glucose levels followed by a plunge below 

baseline after sugar is taken up from the bloodstream as stimulated by insulin – the 

exact response dieticians and scientists are suggesting as being a poor diet regimen to 

follow (Brand-Miller et al., 2006). 

The best and healthiest carbohydrates are those of the SDS and RS nature 

(Mishra et al., 2008). SDS takes 20 to 120 minutes to digest in the small intestine 

(Englyst et al., 1992). The longer the process of digestion takes, the slower the release of 

free glucose molecules into the bloodstream. In return, the blood glucose levels do not 

spike as quickly and affect the pancreatic response quite so significantly. As a result, this 

would decrease the GI value. This type of moderated glucose response is seen as a 

healthier alternative to the constant spikes and depressions caused by RDS. 

RS is the starch that remains undigested after 120 minutes. It travels to the large 

intestine where it undergoes fermentation instead (Englyst et al., 1992). In recent years, 

RS has been classified as dietary fibre. Research from the last few decades has 
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recognized RS as an important polysaccharide in promoting bowel health, along with 

other benefits (Buttriss and Stokes, 2008). The potential modification of the starch 

profile in potatoes to increase the proportion of RS will change the fibre profile of 

potato, and possibly the physiological development of the potato tuber. With a better 

starch profile and an increase in dietary fibre, potato could become an even healthier 

food and begin to remedy the bad reputation it has garnered over the years. 

 

1.7 Dietary fibre 

 The concept of dietary fibre was first introduced by Hipsley in 1953 and was 

defined as the non-digestible portion of the plant, specifically in cell walls (Buttriss and 

Stokes, 2008). These materials were mostly celluloses and are commonly referred to as 

being non-starch polysaccharides (NSPs). This definition was expanded in 1976 when 

Trowell et al. determined that other non-digestible oligosaccharides (NDOs) such as 

mucilages and gums also contributed to dietary fibre (Trowell et al., 1976). In 1980, 

Stephen and Cummings classified fibre as soluble or insoluble – depending on whether 

the material did or did not undergo fermentation when it reached the large intestine 

(Stephen and Cummings, 1980). Interest in resistant starch and its physiological 

contribution to dietary fibre began over 30 years ago and it has slowly become part of 

the international definitions of dietary fibre, as have components such as synthetic 

carbohydrates (e.g., methylcellulose) and fructo-oligosaccharides (FOS) (Buttriss and 

Stokes, 2008). 
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Like the initial definition of fibre, the classes of fibre have evolved over time 

(Buttriss and Stokes, 2008). Insoluble fibres have been found to ferment in the colon 

and the predicted physiological effects have not always been observed in vivo. Since the 

introduction of the concept of “dietary” fibre in 1976, fibre has continued to undergo 

drastic changes in definition. Perhaps the most drastic change was the decision to 

include starch components – specifically RS – as a component of dietary fibre.  

There are two major classes of fibre: soluble and insoluble (Buttriss and Stokes, 

2008). Soluble fibres are the materials that ferment into gases and short chain fatty 

acids (SCFAs) in the colon while insoluble fibres are metabolically inert and absorb water 

as they travel through the colon. The water absorption eases defecation and a lack of 

insoluble fibres in a diet is one of many causes of constipation. Although the 

classification of fibre as soluble and insoluble is difficult to predict in vivo, it is a useful 

scientific categorization of fibre in analytical terms because of the ease of classification 

and determination through laboratory assays.  

 

1.8 Human health complications 

 Although potato starch is prominent in our foods and commonly used in 

processed form as well, there have been negative associations between starch and 

human health issues. Scientific studies have shown that diets containing high GI 

carbohydrates are affiliated with the insulin resistance and an inverse relationship to the 

favoured high density lipoprotein (HDL) (Frost et al., 1999; Amano et al., 2004; 
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McKeown et al., 2004). High dietary GI has been found to be correlated with 

hypertension and several CVD risk factors (McKeown et al., 2009). 

 As Soh and Brand-Miller (1999) illustrated, the GI of potatoes is high, elevating 

the level of post-prandial glucose in the blood (Haase, 2008). Decreases in post-prandial 

glucose levels are associated with lower risk factors for CVD and TIIDM (Chiasson et al., 

2003). These studies suggest that (when eaten alone) potatoes can contribute to human 

health issues. However, recent studies have shown there is significant variability among 

potato GI values that can lead to a healthier potato (Henry et al., 2005). 

 These negative associations with potato have led to a decrease in potato 

consumption over a series of year (Agriculture and Agri-Food Canada, 2007) despite its 

nutritional properties. The nutritional value of potato is directly related to the dry 

matter or carbohydrate composition (Bizimungu et al., 2011). The enhancement of 

nutritional quality in carbohydrate intake can significantly improve human health and 

lower the incidence of metabolic syndrome. Like all quantitative traits, carbohydrate 

synthesis is affected by a host of environmental factors. 

 

1.9 Influence of environmental factors on potato 

1.9.1 Day Length 

 Potato originated in the Andean mountains, where the day length is short and 

the climate is temperate (Harris, 1978). Potatoes produce the highest yields under these 

conditions. Over many decades, research investigating the factors in tuber development 
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have supported and validated this statement (Gregory, 1956; Chapman, 1958; Slater, 

1968; Kincaid et al., 1993; Kooman et al., 1996a). 

Tuber formation occurs earlier when temperatures are low, and they are delayed 

when the temperatures are high (Slater, 1968). The combination of day length and 

temperature was also found to contribute to tuber development. Short days and cool 

night temperatures promote good tuber yield while long days and warm night 

temperatures produced few to no tubers (Driver and Hawkes, 1943). When the day 

length was short and the night temperatures were warm, tubers still failed to develop 

(Gregory, 1956). 

Chapman (1958) claimed the tuber-inducing stimulus to be a slow moving 

stimulus transmissible across a grafted scion. In subsequent experiments, it has been 

inferred that by altering photoperiod and temperature conditions in greenhouses, tuber 

formation can be easily controlled and potato yield can be increased over time. Plants 

subjected to photoperiods of nine hours formed tubers in four weeks (Harris, 1978). 

There is little evidence that a change in day length can affect the starch accumulation or 

profile in potatoes, however, day length changes have been shown to influence the 

length of growing period and tuber bulking stages (Kooman et al. 1996b). Influence of 

day length is associated with tuber initiation, development and subsequent yield. 

Perhaps there is an association with starch accumulation as well. 

Despite these pre-1970s research results, breeding programs in North America 

and Europe have been selecting potato cultivars that are more responsive to longer 

photoperiods to match the growing conditions of these continents (Yao et al., 2011).  
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1.9.2 Temperature 

 As the previous section discussed, not only is the photoperiod a factor in tuber 

development, temperature is as well. The temperature of the soil and surrounding air 

has multiple effects on agronomic traits. Cooler temperatures slow down metabolic 

rates and vegetative growth, thus favouring tuber development. 

 A study from UC Davis in the 1960s reported optimal tuber formation at a night 

temperature between 15 and 21°C (Yamaguchi et al., 1964). When temperatures were 

low (10°C), stolon initiation occurred normally and in high frequencies but tuber growth 

was delayed. However, when temperatures were high (27°C), tubers were abnormally 

shaped, and the incidence of multiple tubers forming from one stolon increased. 

Moderate temperatures of 15 or 21°C were found to be the optimum for stolon 

initiation and tuber growth, starch content and specific gravity (SG). The starch content 

was found to be the highest in plants grown in 15 or 21°C environments. 

 A study by Yamaguchi et al. (1964) uncovered a portion of the complex 

relationship between tuber formation and starch content. Temperatures of 15 or 21°C 

were the optimum for tuber growth and starch accumulation, suggesting a positive 

correlation between tuber growth and yield with starch production. These temperatures 

may play a part in the enzyme kinetics for the GBSS, SSes and BEs which increase their 

activity. The high starch content in the tested potato tubers would indicate a low sugar 

content due to the antagonistic pathways each of these components suggests. These 

temperatures were also shown to have the lowest incidence of sugar content 

(Yamaguchi et al., 1964). 
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Optimal growth of potato roots occurs between 22 and 24°C, while optimal 

tuber formation is between 14 and 16°C (Ingram and McCloud, 1984). Years with sub-

optimal growth temperatures decreased yields and increased water content. Although it 

was not studied, this may be correlated with lower starch content. Lower starch content 

is beneficial for baking potatoes in the fresh market but not desirable in the frying 

industry. Low water content is optimal for the frying industry because less oil is used to 

replace the water content in the potato, creating a light and crispy product. Like the 

optimal temperature for tuber growth, optimal temperature for high DM content is 

between 14 and 22°C (Ingram and McCloud, 1984). This is important in the 

development of potatoes for the processed food industry. Potatoes that have high DM 

content contain less water. In the French fry and chipping industries, potatoes with 

lower water content absorb less oil during the frying process, helping to lower costs. 

1.9.3 Soil moisture 

Throughout all growth stages, plants are sensitive to water levels. Waterlogged 

soils can lead to tuber rot, but drought stress can lead to lower total and marketable 

yields due to poor growing conditions (Jones and Johnson, 1958; Thorne and Peterson, 

1954). 

A review by Singh (1969) highlights the numerous studies on the relationship 

between moisture and potato development. Soil moisture is an important factor in 

tuber development because of the precise moisture criteria for potato plants. Thorne 

and Peterson (1954) deemed soil moisture maintenance and aeration key components 

for optimal yields. Ensign (1935) suggested optimal soil moisture to be 13%. Similar 
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findings were made by Jacob et al. (1952), who found moisture levels of 12 to 16% (50-

60% field capacity) were optimal. This was confirmed by Bradley in several later 

experiments (Bradley and Pratt, 1954; Bradley and Pratt, 1955). Jones and Johnson 

(1958) studied two, four and six week drought periods and found significant reductions 

in yield the longer the period of drought. 

Moisture levels are important throughout all stages. Stockton (1962) tested 

irrigation regimes and concluded that maximum yields were obtained when fields were 

irrigated up until seven days before harvest. The critical moisture period surrounds 

stolon tip development and initial tuberization (deLis et al., 1964). Having enough 

moisture during stolon tip development ensures a high number of potential tubers are 

initiated. Adequate moisture levels during initial tuberization ensures tuber set from 

each stolon tip, resulting in high tuber numbers and maximum yield potential, provided 

moisture levels are maintained throughout the tuber bulking stage.  

 Increasing the frequency of sprinkler irrigation on potato fields has the tendency 

to increase the amount of Canada #1 (5.7 – 8.9 cm diameter) potatoes (Kincaid et al., 

1993). The increase in sprinkler irrigation also has the mitigating effect of lowering soil 

temperatures. This is especially important during the hotter months of June and July, as 

it tends to coincide with tuber initiation and growth along stolon tips. The ability to 

moderate the soil temperature can result in higher yields, more appropriately sized and 

shaped potatoes, and potatoes with high SG and starch content. Moisture levels around 

13% are also optimal for tuber initiation (Ensign, 1935). 
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Despite a higher frequency of irrigation, overly wet soils result in potatoes with 

low DM contents and low SG. When the plant is stressed due to low soil water potential, 

a subsequent increase in reducing sugar content is also observed (Eldredge et al., 1996). 

High reducing sugar content indicates an increased amount of individual starch 

molecules – a consequence of an increase in starch content or a decrease in amylose 

and amylopectin chain length. 

These water demands are further complicated by the varying water holding 

capacities of varying soil types (King and Stark, 1997). This soil water energy potential – 

termed the soil water release curve – is dependent on soil texture. Each soil has a 

unique relationship with moisture and have unique water holding capacities. Silt 

containing soils have the greatest water holding capacity, while sandy soils have the 

lowest capacity. The differences in water holding capacity arise from the ability of each 

soil to retain moisture through capillary action. This results in variable amounts of 

available water depending on the soil texture. Several soils will be utilized in the Ontario 

and national trials (Tables A.4 and A.5). 

During planting and germination stages, water logged soils can contribute to rot 

or fungal infestation which will produce unhealthy plants or result in no shoot 

emergence at all (Harris, 1978). The incidence of late blight (Phytophthora infestans L.) 

is significantly increased in potato fields where moisture levels are high (Beukema and 

Gietema, 2001). The fungi responsible for potato late blight are oomycetic spores that 

can infest other species of Solanaceae as well. There are several modes of infestation 

for this fungal spore. Most commonly, spores of late blight are spread through infested 
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soils or from infected tubers that have been left in cull piles over the winter or have not 

been harvested from the previous season. Spreading of late blight and breaking of spore 

dormancy occurs during warm and wet conditions. Periods of rain can also wash spores 

of late blight into the soil and infect growing tubers. 

In the United Kingdom, two categories of quantification are used to measure the 

vulnerability stages of potatoes to late blight: a Beaumont Period and a Smith Period 

(TopVeg, 2007). Both are a measure of temperature and humidity levels. The Smith 

Period is used to assess late blight risk to help farmers best assess the potential for late 

blight outbreaks and recommend an appropriate fungicide application (Agriculture and 

Horticulture Development Board, 2008). A similar predictive modelling system created 

by Dacom in the Netherlands was tested in Prince Edward Island, Canada and resulted in 

reducing chemical usage, improving timing and chemical efficiency, and postponing late 

blight onset (Raatjes et al., 2003). 

In all developmental growth stages, high moisture levels negatively contribute to 

total and marketable yields through an increase in late blight, or can affect DM and SG 

characteristics that determine the end point usage of the potato. Despite the negative 

effects of high moisture levels, soils should not be left to a cycle of dry and wet. 

Maintaining a certain level of wetness and dryness in the soil is required to maximize 

yield (Singh, 1969).  

1.9.4 Soil condition 

 Several characteristics of soil condition contribute to a variety of potato 

agronomic traits. Temperature, pH and nutrient levels are important in maintaining 
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good plant health throughout the growing season (Beukema and Gietema, 2001). 

Although tuber initiation does not begin until the end of the vegetative growth stage, it 

actually is the most important part of tuber growth. The development of stolon tips 

occurs during vegetative growth and it is on these stolon tips that potato tuber initials 

form (Harris, 1978). If a potato plant is subjected to poor environmental conditions and 

vegetative growth is limited, it will have few stolon tips and fewer tubers, which will 

adversely affect the final yield (Kooman et al., 1996b). 

Germination of potato seeds pieces does not occur until soil temperatures climb 

above 4°C (Beukema and Gietema, 2001). Colder temperatures adversely affect potato 

seed, causing a host of problems including low sprouting percentage and seed rot. 

Consistent soil temperatures of 15 - 24°C during tuber growth phase produce tubers of 

high SG (Yamaguchi et al., 1964). Temperatures of 14 - 22°C produce tubers with the 

highest DM (Ingram and McCloud, 1984). Both SG and DM are related characteristics 

that measure the amount of solids within the potato (Verma et al., 1971). Tightly 

packing soil has also been implicated in hindering tuber size through soil compaction 

(Struchtemeyer et al., 1963). 

 Soil pH is another important factor contributing to overall potato yield and 

marketable tuber grades. Early liming experiments in the 1970s in England showed that 

yields were similar among all soils above pH 5, as long as available potassium was 

sufficient (Bolton, 1971). When K is insufficient, acidic soils have the lowest yields 

overall, but the largest tubers. In additional studies, lime addition to soils was found to 
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increase yields (Laughlin et al., 1974). However, subsequent years after adding lime 

showed no long term residual yield effect (Maclean et al., 1967). 

  

1.10 Genotype by environment interactions in potato 

 In any crop breeding program, crop stability is a high priority. Achieving ideal 

trait potential in one specific location because of optimal environmental conditions and 

management practices is good. However, new genotypes must be able to consistently 

outperform other competing genotypes and perform well over a range of environments. 

In other words, stability is the key in the development of successful new genotypes (Lin 

et al., 1986). 

 Overall crop performance is a function of multiple factors – the genotype (G), the 

environment (E) and the genotype by environment (GxE) interaction (GEI) (Yan and Kang, 

2003). The GEI is important when genotype ranks differ in different environmental 

conditions. Statistical models can detect GEI, but there must be at least two distinct 

genotypes tested in at least two different environments. Most studies involve many 

genotypes and more than two environments. Affleck et al. (2008) used eight potato 

genotypes and four environments (two locations over two years). Cotes et al. (2002) 

looked at 15 potato clones over 10 environments (one year) and Hassanpanah (2011) 

used three genotypes and six environments (three sits across two years). All studies 

found significant GEI effects with the use of multiple locations and years. 

The number of genotypes used is entirely based on the number of potato clones 

in which evaluation is desired. Although environment selection is partially based on this, 



27 
 

there are several factors involved in choosing field locations. In this experiment, the soil 

type and wide range of weather patterns were important to the careful selection of 

locations. Since the environment can be divided into the two factors, location and year, 

field experiments are typically set up at several locations over multiple years (Affleck et 

al. 2008; Hassanpanah, 2011). Field evaluation in time is important to distinguish 

repeatable and non-repeatable GEI and to discern fixed (locations) and random (year) 

effects (Tai, 2007). 

 Studying the GEI is important because of the implication on heritability (Vermeer, 

1990). Traits with high GEI have low heritability rates, which adversely affects the ability 

to breed and select for superior genotypes. The existence of GEI emphasizes the need to 

breed for exceptional genotypes in different environments. 

 Lin et al. (1986) defines three ways genotypic stability can be achieved: i) when 

among-environment variance is small (static), ii) when environmental responses parallel 

mean genotypic responses (dynamic) and iii) if residual mean squares from regression 

models are small. Discrete categorical data were collected in this study, regression 

models were not used and the concepts of static and dynamic stability were utilized. 

Static stability indicates that the trait genotype will always perform in a similar manner 

regardless of environmental conditions. A genotype that is non-responsive to an 

increasing amount of input is considered static. This is usually only seen for single-gene 

traits and very rarely do quantitative traits behave this way. For example, flower colour 

in pea plants is controlled by a single gene. As shown by Mendel’s first law, the flower 

colour of the pea plant does not change and is independent of environmental changes, 
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because of the static stability of the trait in question (Campbell and Reece, 2008). Due to 

the nature of statically stable traits, production gains are theoretically difficult and 

therefore unsuitable for agricultural purposes. 

Dynamic stability is the concept of a stable genotype performance in the context 

of the environmental conditions (Yan and Kang, 2003). A genotype that is always the 

highest yielder is stable. Its dynamic ability comes from the different yields achieved in 

each environment because of external contributing factors such as the weather pattern. 

This genotype may be the highest yielding, but the measure of that characteristic varies, 

depending on if the year was a drought or one of cool temperatures. The concept of 

dynamic stability is used in breeding programs because of the ability to produce 

production gains (Yan and Kang, 2003). Through examining the dynamic stability of 

multiple genotypes, ones superior to those commercially available (commonly used in 

test trials as checks) can be determined and marketed as the latest product for a high 

yielding crop. To choose superior genotypes, a low or minimal GEI must exist (Cotes et 

al., 2002). This highlights the importance of multi-year multi-location trials. 

 GEI studies are important for scientists and breeders because they pinpoint 

genotypes and environments of low and high stability. Without GxE interaction analysis, 

it would be difficult to make positive gains by selection (Kang and Gauch, 1996). 

 Historically, GxE interaction studies were conducted over several years at several 

locations, but a trend toward shorter term trials with multiple locations is occurring, 

with the advent of GxE statistical tools such as the GGE biplot software (Yan and Kang, 

2003). However, statistical tools do not replace the need to conduct multi-genotype, 
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multi-location and multi-year trials. The locations chosen, the magnitude of 

environmental differences between years and the effect these environmental 

differences on the measured traits all play into whether the years or locations are of 

greater significance.  A study conducted by Irogoyen et al. (2011) on the effect of 

defoliation on final marketable yield found the resulting yield differences to be mainly 

attributed to the treatment (degree of defoliation) and not to the year or location. 

Other studies (Hassanpanah, 2008) found the effect of the location to be greater than 

the year. 

 It has been suggested that trait variation may be due to post fertilization genetic 

modifications, including environmentally induced and developmentally regulated 

genomic variation (Li, 2009). The concept that DNA is adaptable depending on 

environmental conditions is important to consider. Van Dijk et al. (2009) found 

differences in growth conditions to be less significant compared to differences in 

transcriptomics due to genetic or environmental conditions. Factors such as these need 

further investigation to understand the true cause and potential phenotypic effects. 

 Multiple studies have been conducted on potato yield, yield components and 

their stability (Hassanpanah, 2008; Affleck et al., 2008; Liović et al., 2008). Hassanpanah 

found significant GxE interactions on yield and predicted superior and stable genotypes 

in stress conditions. Affleck et al. (2008) determined best performing genotypes for 

French fry colour and high yielding potatoes. Analysis of GGE identified mega-

environments, optimized environments for specific genotypes and identified potential 
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parents for breeding schemes. Liović et al. (2008) found stable and high yielding 

potatoes, but also identified several other genotypes with high levels of instability. 

Because traits like yield are quantitative in nature, their flexibility in phenotypic 

expression is high and GxE interaction effects are common. GxE interaction effects are 

also present in other crops such as rice (Nassir and Ariyo, 2011), soybean (Primomo et 

al., 2002) and mung bean (Akhtar et al. 2002). 

Stability studies involving starch and fibre are rare. Temperature plays an 

important role in the production of starch from individual sugar molecules (Yamaguchi 

et al., 1964). A similar effect can be presumed for fibre compounds. The complexities 

behind starch and fibre biochemistry are increasing the more we learn about the 

physiology. In 2008, the first report of rapid mutation analysis in potato was released, 

citing the production of high amylopectin starches through a series of point mutations 

(Muth et al., 2008). However, GEI studies for different starch and fibre profiles have yet 

to appear in the literature. 

There are a multitude of factors that can affect the life cycle of the potato plant 

and they are not limited to environmental factors. Genetic differences between 

varieties of potatoes can create distinct responses to environmental cues that manifest 

into widely diverse responses. The interaction between the genotype and the 

environment and the interplay to create a large spectrum of responses can be complex. 

However, stability concepts can capture this complexity with some simple statistics. This 

thesis will focus on the environmental factors and attempt to explain the relationship 

between the genotype, the environmental cues and their effect on potato production. 



31 
 

This research has three objectives: 

1. to elucidate starch, fibre and agronomic profiles of potato genotypes, 

2. to determine the stability, G, E and GxE effects for all starch, fibre and agronomic 

profiles, and 

3. to relate starch and fibre components to human health. 

It is hypothesized that starch, fibre and agronomic traits will not have significant GxE 

effects in either the Ontario or national trial. 
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Chapter 2: General Materials and Methods 

 

2.1 Introduction 

 To examine the interaction between the genotype and environment for potato 

cultivars, a multi-year, multi-location and multi-genotype field trial must be developed. 

With these different variables, analysis for significant interactions was possible. 

 This study involved two field seasons with multiple locations in potato growing 

regions across Canada. Collaboration with Agriculture and Agri-Food Canada (AAFC) 

made field sites at locations other than Ontario field stations possible. Two main 

investigations exist within this study: an Ontario (provincial) trial and a national trial. 

The Ontario trial consisted of three locations in Southwestern Ontario: Alliston, Elora 

and Simcoe. The national trial had four locations: Winkler and Carberry in Manitoba, 

Elora in Ontario and Fredericton in New Brunswick. All field locations were utilized in the 

2009 and 2010 field seasons and each of these location year composites was referred to 

as an environment. 

 Differences in agronomic practices were minimized as much as possible and 

generally accepted practices for the regions were used. Environmental conditions were 

broken down into differences in temperature, precipitation and soil type. The field trials 

made the best use of multiple locations and years to test a variety of genotypes of 

potatoes for their genotypic and environmental interactions and their cultivar stability. 
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2.2 Materials and methods 

 The Ontario trial had 12 genotypes: four commercial cultivars and eight 

advanced clones from the AAFC’s potato breeding program in Fredericton, New 

Brunswick and Lethbridge, Alberta. Commercial cultivars were Atlantic, Goldrush, 

Norland and Russet Burbank, advanced clones used were CV96044-3, FV12272-3, 

WV5475-1, F03031, F05035, F04037, F05081 and F05090 (Table A.1). The trials were 

conducted during the 2009 and 2010 field seasons at three locations in Ontario: Simcoe 

Research Station, Elora Research Station and H.J. Vanderzaag Farms in Alliston. Trials 

were set up as randomized complete block design (RCBD) with four replications.  

 Each location had four replications (blocks) of the 12 genotypes. There were 20 

plants in each plot, which is the experimental unit in the field component of the 

experiment. Russet Burbank, which requires wider plant spacing, had 11 plants in the 

same sized plot. Two exceptions were made in 2009: F05081 was limited in tuber 

availability, so there were five plants per plot and three replications. The fourth 

replication of Goldrush was not included at the Elora location. In 2010, there was a 

limited supply of F04037 seed, therefore, the plot size was reduced accordingly. Plots at 

Elora and Alliston were 5 m long with 0.89 m spacing between rows. Plots at Simcoe 

were 5 m long with 1 m spacing between rows. Spacing between plants was 25.4 cm 

with the exception of Russet Burbank which was spaced at 45.7 cm.  

 There were 18 genotypes in the national trial: three commercial cultivars and 15 

advanced breeding clones. There was some overlap in these genotypes with the Ontario 

trial. As with the Ontario trial, the clones were developed at AAFC’s potato breeding 
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program in Fredericton, New Brunswick and Lethbridge, Alberta. The commercial 

cultivars used were Atlantic, Norland and Russet Burbank. The advanced clones used 

were CV96044-3, FV12272-3, WV1062-1, WV1102-1, WV1255-3, WV3252-1, WV5475-1, 

F05013, F05026, F03031, F05032, F05035, F5051, F05064 and F05090 (Tables A.2, A.3). 

The trials were conducted in 2009 and 2010 at four trial sites. They were Carberry and 

Winkler, Manitoba, Elora, Ontario and at Benton, New Brunswick. Each location was 

grown as a randomized complete block design (RCBD) with two replications. 

Not all genotypes were included at each location. Three plant spacings were 

used to accommodate the optimal growth habits of potato genotypes: 25.4, 35.6 and 

45.7 cm. All plots were 7.6 m in length with 0.89 m row spacing, therefore the number 

of plants per plot were variable. Russet Burbank was planted at 45.7 cm spacing (17 

plants per 7.6 m row). All remaining potato genotypes were planted with 25.4 cm 

spacing (30 plants per 7.6 m row). Yield and yield component data were later 

standardized to a 5.0 m2 plot for comparative analysis. 

In the 2009 field season, planting was done in Simcoe and Elora on May 26. Rows 

were opened mechanically. Plots were measured and seed potatoes planted by hand. 

An in furrow application of Admire (imidacloprid 21.4% at 7.5-12 mL 100 m-1) and 

Quadris (azoxystrobin 22.9% at 4-6 mL 100 m-1) was applied with a backpack sprayer. 

Rows were closed with a mechanical hiller. The Alliston site was planted on June 1. The 

field was planted blind with a commercial seed planter which creates rows, fertilizes and 

closes in one step. Plots were measured and holes were dug at correct spacings. Seed 

pieces were deposited into the holes, sprayed with in furrow treatment of Admire and 
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Quadris, and then covered by hand. Carberry and Winkler were planted in late May 

(exact date unknown), Elora on May 20 and Fredericton on May 20. 

In the 2010 field season, planting was done in Elora on May 25, Simcoe on May 

26 and Alliston on May 27. Planting procedures were the same as the 2009 field season. 

Carberry was planted on May 26, Winkler on May 19, Elora on May 20 and Fredericton 

on May 31.  

For all provincial locations, plots were fertilized with 20:10:10 

(nitrogen:phosphorus:potassium) at an application rate of 900 kg ha-1. National 

locations were fertilized with 13.3:10.6:13.3 at 1000 kg ha-1. Pre emergence herbicide 

was also sprayed after planting: Dual Magnum (s-metolachlor 83.7% at 1.5 L ha-1), 

Sencor 480 (metribuzin 480 g L-1 at 1.75 L ha-1), Poast Ultra (sethoxydim 450 g L-1 at 0.15 

L ha-1), Prism (rimsulfuron 25.0% at 2 L ha-1) and Lorox L (linuron 40.6% at 2.0 L ha-1). 

Fungicides were applied as needed throughout the growing season. They include 

Curzate (cymoxanil 60% at 225 g ha-1), Dithane DG 75 (mancozeb 75% at 1.35-1.6 kg ha-

1), Polyram DF (metiram 80% at 1.75 kg ha-1), Bravo 500 (chlorothalonil 40.4% at 2 L ha-1), 

Quadris (azoxystrobin 22.9% at 800 mL ha-1), Revus (mandipropamid 23.3% at 0.6 L ha-1), 

Manzate (mancozeb 750 g kg-1 at 2 kg ha-1), Allegro 500F (fluazinam 40.0% at 0.4 L ha-1), 

Tattoo-C (propamocarb HCl 31% and chlorothalonil 31% at 2.7 L ha-1) and 

Ranman/Sylgard mix (cyazofamid 34.5% at 0.15 L ha-1). 

Insecticides were sprayed as needed throughout the growing season: Decis 

(deltamethrin 5.67% at 150 mL ha-1), Pounce (permethrin 384 g L-1 at 350 mL ha-1), 

Admire (imidacloprid 21.4% at 200 mL ha-1), Coragen (chlorantraniliprole 18.4% at 375 
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mL ha-1), Rimon 10EC (novaluron 10% at 600 mL ha-1) and Thionex EC (endosulfan 400 g 

L-1 at 1.5 L ha-1). Further specifications for all sprays can be found in Tables A.4 and A.5. 

Vine killing was conducted at the end of season for all locations with Reglone 

(diquat dibromide 240 g L-1 at 3 L ha-1).  

In 2009, the Simcoe location was harvested on October 6. A single row digger 

dug the plots and deposits the potato tubers on the ground. The tubers were collected 

and transported to storage in Elora. Plots in Elora were harvested on October 19 with a 

single row combination digger-bagger. The bagged plots were put into storage. The 

plots in Alliston were harvested on September 24, September 30 and October 15 using 

potato forks. Carberry and Winkler were harvested late September (exact date unknown) 

Elora on October 13, and Fredericton on September 23. 

In 2010, Simcoe was harvested on October 12, Elora on September 27 and 

Alliston October 1 and October 4. Harvesting procedures were the same as the 2009 

field season. Carberry was harvested September 20, Winkler on September 14, Elora on 

September 21 and Fredericton on October 6. 

After harvest, potato tubers were stored in a refrigerated trailer at 15°C at the 

Elora Research Station until individual trials were graded. After grading, a small 

representative sample of potatoes were taken back to the University of Guelph for SG, 

DM, culinary testing and processing for further analysis. The national location potatoes 

were each stored at on site locations between 10 and 15°C and size graded at their 

harvest locations before a representative sample was sent to the University of Guelph 
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through the post. Like the provincial locations, these potatoes were unpacked at the 

University of Guelph for SG, DM, culinary testing and processing for further analysis. 

Precipitation and temperatures for each location were gathered from 

Environment Canada weather tracking field stations or recorded throughout the field 

season at local weather stations. All environmental data can be found in Tables A.4 and 

A.5. 
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Chapter 3: Genotype by Environment Interaction Effects on Starch 

Components 

 

3.1 Introduction 

Potato tubers are the storage unit of carbohydrate in the potato plant (Salaman, 

1949). Throughout the growing season, the plant shunts sugars, produced from the 

photosynthetic machinery in the foliage to these storage areas. The sugars move into 

the tuber and a portion is incorporated into a chain of starch. Starch is a long and 

complex polysaccharide composed of glucose molecules bound in two ways – α(1,4) and 

α(1,6) glycosidic linkages and constitute the two polysaccharides in starch – amylose 

and amylopectin, respectively. 

Amylose is comprised of α(1,4) glycosidic linkages and develops into a straight 

chain polymer, while amylopectin has α(1,6) branched linkages every 20 glucose 

residues. Amylose is a low molecular weight polymer – typically 500 to 20,000 glucose 

units – and amylopectin is a very long chain polysaccharide – 106 units or greater (Taiz 

and Zeiger, 2010). The straight chain linkages in amylose result in tight packing and 

resistance to enzymatic degradation. The high degree of branching in amylopectin 

provides many pockets for water and other small molecules to more freely around the 

molecule, contributing to its susceptibility to rapid degradation.  

Amylopectin is the major component, typically making up 70 to 80% of the 

available starch. The remaining 20 to 30% is present in the form of amylose (Zeeman et 

al., 2010). This steady ratio of starch fractions is under enzymatic control. With only one 
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enzyme – GBSS – responsible for amylose production and at least five for amylopectin, 

this accounts for the greater abundance of amylopectin. Amylopectin has four 

enzymes– SSI, SSII, SSIII and SSIV –responsible for starch synthesis. A fifth enzyme is 

present for creating branch points (BE) of which there are two classes. In addition to 

these enzymes, GBSS is also able to elongate amylopectin chains. 

Sugar synthesis is a continual process in plants, by the chemical process of 

photosynthesis (Campbell and Reece, 2008). Photosynthesis is the source of energy for 

the potato, through the fixation of carbon into sugar. The conversion of these sugars 

into starch begins after stolon tip initiation. At the beginning of tuber initiation, sugars 

are shunted from the source (foliage) to the sink (tubers) and continues for the 

remainder of the plant life cycle. This process, relying heavily on enzymatic activity and 

environmental conditions, would appear to be profoundly dependent on the genotype 

and the environmental conditions. Yamaguchi et al. (1964) found tubers growing at 

temperatures of 15 or 21°C had the highest starch content in resulting tubers. 

Aside from the synthesis of amylose and amylopectin, there are enzymes 

controlling starch degradation. Amylose is a tightly coiled and packed polysaccharide, 

which creates a resistance to breakdown (Taiz and Zeiger, 2010). There are three 

enzymes that work in concert to break down starches: α-amylase, β-amylase and α-

glucosidase. In addition, starch degradation requires de-branching enzymes to break 

down the α(1,6) linkages in amylopectin. Not only is amylose more difficult to degrade 

than amylopectin, there are more enzymes working on the degradation of amylopectin 

than amylose, contributing to differences in digestion rate of these two starch fractions. 
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Starch can also be classified by levels of digestibility (Englyst et al., 1992). It is 

broken down into three components: RDS, SDS and RS. RDS and SDS values reflect 

digestibility of the starch in vivo. RDS and SDS represent the portion of starch digested 

within the first 20 minutes and 21 to 120 minutes post-ingestion, respectively. All 

remaining starches are undigested until they travel into the large intestine. Here, these 

starches generally undergo fermentation and are classified as the RS component. Due to 

the resistant nature of amylose, more of the RS component is expected to be comprised 

of amylose rather than amylopectin. The rapid breakdown of amylopectin molecules 

means it is more prevalent in RDS and SDS fractions. The rate of digestibility of starch 

has been termed the “digestible profile” (Englyst et al., 1992). 

A chemo-enzymatic method for the classification of starch fractions was 

developed by Englyst et al. (1992), calculated as a portion of the total starch (TS) 

component of the sample food in question. Each of the three components can be 

distinguished by their rate of digestibility within the small intestine, and can be 

measured through simulated in vitro digestion processes. Classifications were given 

designations according to Englyst’s scheme to give reproducible estimates for starch 

fractions that will be digested rapidly (RDS) or slowly (SDS) in the small intestine, or 

slowly enough to bypass digestion and travel into the large intestine to undergo 

fermentation (RS). The Englyst method (1992) is a controlled enzymatic hydrolysis 

reaction that breaks down starch to glucose, mimicking the digestion process. 

Colourimetric measurement of glucose release is done with glucose oxidase peroxidase 

(GOPOD) and o-dianisidine colour substrate. By taking glucose readings at specific time 
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points, quantification of the three starch components within a specified sample weight 

is possible. The method used to quantify TS is a modification based on a Megazyme kit 

(Megazyme, AA/AMG). Using this and several other methods, the starch content of any 

potato can be determined – in terms of chemical structure and digestible starch profile. 

The importance of the starch profile is related to nutrition and the GI. The 

concept of GI was introduced 30 years ago (Jenkins et al., 1981). The GI is a measure of 

the body’s blood sugar produced in response to ingested carbohydrates. To measure GI, 

the blood glucose levels of an individual are monitored for a three-hour period and the 

GI value of the tested food product is expressed as a percentage of a standard measure. 

The higher the GI value, the higher and more rapid is the entry of glucose from test food 

into the bloodstream.  

The blood sugar response to food we eat is pivotal to intestinal health and 

weight gain in later life. Research has linked high GI foods to TIIDM and other heart 

issues (McKeown, 2009; Brand-Miller et al., 2006; Amano et al., 2004). Nutritionists 

recommend foods to help moderate blood sugar levels to lower the risks of adverse 

health conditions later in life. 

The components of food that contributes to blood sugar level are carbohydrates 

that are broken down into glucose. Carbohydrates are an essential part of our diet, 

providing us with the energy necessary to perform daily tasks. We can consume glucose 

in the form of a simple sugar – a monosaccharide of short chain polysaccharides 

maltodextrins, or in a more complex form like starch. The regulation of the amount and 

form of glucose consumed is very important in maintaining the blood sugar balance. 
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 Due to public concern about starchy foods such as potatoes, the high GI and 

potential health implications, it is important to produce a potato genotype with a 

specific and stable starch profile compatible with lower GI foods. Similar to other food 

crops, G, E and GxE interaction effects are important to understanding the biochemistry 

and physiology behind development. Two separate trials were conducted with the same 

objectives. The Ontario trial had three locations and 12 genotypes (eight advanced 

breeding lines and four commercially available cultivars), the national trial had four 

locations and 17 genotypes (14 advanced breeding lines and three commercially 

available cultivars). Some of the breeding lines were selected based on sensory 

perception of texture upon cooking, which were predicted to correspond to varying 

starch profiles. This research had three objectives: 

1. to elucidate the starch profile of potato genotypes, 

2. to determine the stability, G, E and GxE effects for starch components, and 

3. to relate starch profile to GI and human health. 

Ultimately, the goal is to develop potato genotypes with suitable digestible starch 

profiles with low RDS content and higher SDS or RS content. This starch profile is 

referred to as the “best profile”. The TS value is not as important as the profile of starch 

components, but higher the TS, the more valuable the potato because of the increase in 

dry matter. By examining the G, E and GxE effects, potatoes of better starch profiles can 

be developed. The addition of a new type of potato to the commercial marketplace with 

such an improved starch profile allows for greater variety and flexibility for consumers 

when choosing produce that contribute to a healthier diet. 
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3.2 Materials and methods 

The potatoes were prepared by using fresh tubers that were boiled (20 minutes 

or until soft) and cut into small pieces before freezing (-20°C). Once cooked tubers were 

fully frozen, they were freeze-dried and milled in a Thomas-Wiley grinder with a 1mm 

sieve to produce fine potato flour. 

 

Digestible Starch Profile 

Digestible starch measurements were made using the Englyst method (1992) on 

100 mg portions of potato flour for each assay. In each sample tube, ten 4 mm glass 

beads were added to provide crushing action and aid in the enzymatic reaction. Before 

digestion was started , each sample tube was equilibrated with sodium acetate buffer 

solution (500 mM CH3COONa, 20 mM CaCl2·2H2O, adjusted to pH 5.2 with NaOH beads) 

laying horizontal in a 37°C shaking water bath for five to ten minutes. The enzyme 

solution added to each sample tube contained 6.75 United States Pharmacopoeia (USP) 

specifications of porcine pancreatin (Sigma Aldrich, P7545), 22.5 U of amyloglucosidase 

(Sigma Aldrich, A7095) and 208 U of invertase (Sigma Aldrich, I4504). 

At 30-second intervals, 1.0 mL of enzyme solution was added to each sample 

tube to begin in vitro digestion process. The first addition was considered time zero. 

Tubes were vortexed and placed vertically back in the shaking water bath. At the 20-

minute mark, 0.1 mL was aliquoted into a new tube containing 1.0 mL of 50% ethanol. 

These tubes were labelled “sample-20”. At the 120-minute mark, a second 0.1mL was 

aliquoted into another new tube containing 1.0 mL of 50% ethanol. This set of tubes was 
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labelled “sample-120”. After each aliquot removal, 3.0 mL double distilled water (ddH2O) 

was added to each tube before centrifuging to pellet any remaining particles of potato 

flour. 

In order to quantify the amount of each digestible category of starch, free 

glucose molecules were measured colourimetrically with GOPOD (Sigma Aldrich, G3660) 

and colour substrate o-dianisidine (Sigma Aldrich, D2679). In 1.5 mL disposable 

polystyrene cuvettes with a 10 mm pathlength (Fisher Scientific, 14-955-127), 100 µL of 

“sample-20” and “sample-120” tubes were added to individual tubes containing 900 µL 

ddH2O, to total 1000 µL in each tube. To this 1.0 mL of solution, 1.25 mL of GOPOD 

reagent was added. After addition, all cuvettes were incubated at 37°C for 10 minutes 

before absorbance values were taken at 540 nm wavelengths. 

The absorbance measured the amount of glucose monomers in each 20-minute 

and 120-minute sample aliquot. Taking into account the adjustment for glucose to 

anhydro-glucose conversion that occurred in the starch samples, the following equation 

was used to convert the absorbance into a percentage of the total dry weight of each 

sample [equation 1]. 
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RDS is broken down into individual glucose units during the first 20 minutes 

while SDS in 21 to 120 minutes. All remaining starches after 120 minutes are classified 

as RS. The “sample-20” tube absorbance reading was the direct measurement of the 

amount of RDS within each sample. SDS values were obtained from the difference of the 

“sample-120” and “sample-20” absorbance readings of each respective sample tube. RS 
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amounts were determined from the difference of the TS and “sample-120” of each 

sample tube. 

 

Total Starch 

TS was calculated using an in-house protocol modified from the Megazyme Total 

Starch kit (Megazyme, AA/AMG). The protocol follows the American Association for 

Clinical Chemistry (AACC) Method 76.13 and the Association of Official Agricultural 

Chemists (AOAC) Official Method 996.11. Like the digestible starch assay, tubes with 100 

mg of potato flour were used. Each sample tube was first wetted with 100 µL 80% 

ethanol. After ethanol addition, 330 U of thermostable α-amylase (Sigma-Aldrich, A3403) 

in MOPS buffer solution (50 mM 3-morpholinopropane-1-sulfonic acid, 5 mM 

CaCl2·2H2O, pH 7.0) was added to each tube before incubation in a boiling water bath 

for 12 minutes. Tubes were vortexed four times throughout the 12 minutes to ensure 

uniform distribution of enzyme and flour within the solution. Treatment with α-amylase 

induced hydrolysis of starch into branched and unbranched maltodextrins. After 

hydrolysis, samples were incubated with sodium acetate buffer solution (200 mM 

CH3COONa, adjusted to pH 4.5 with NaOH beads) before digestion with 

amyloglucosidase (Sigma-Aldrich, A7095). For 30 minutes at 50°C in a non-shaking water 

bath, the amyloglucosidase hydrolyzed maltodextrins into free D-glucose molecules, 

which were colourimetrically quantified. After amyloglucosidase incubation, samples 

were centrifuged to pellet the remaining undissolved potato material. 
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Glucose levels were quantified using GOPOD and o-dianisidine, like the 

digestibility assay. In 1.5 mL disposable polysterene cuvettes with 10 mm pathlength 

(Fisher Scientific, 14-955-127), 1.25 mL of GOPOD reagent was added to a 10-1 dilution 

of the sample (100 µL of each sample tube added to 900 µL ddH2O). After addition, all 

cuvettes were incubated at 37°C for 10 minutes before taking absorbance values at a 

wavelength of 540 nm. 

Absorbance readings from these cuvettes were indicative of the total starch in 

each 100 mg sample of potato flour. Taking into account the adjustment for free glucose 

to anhydro-glucose that occurred in the starch samples, the following equation was 

used to convert absorbance into a percentage of the total dry weight of each sample 

[equation 2]. 
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All starch measurements were analyzed in SAS v9.2 (SAS Institute Inc., Cary, NC, 

USA, 2009). The independent location year combinations were classified as individual 

environments and the mean of duplicate samples were used for SAS analysis. The SAS 

general linear model procedure partitioned variances into recognizable sources, 

otherwise known as an analysis of variance (ANOVA) (Bowley, 2008). There are three 

types of ANOVAs: fixed effect model, random effects model and mixed effect model. 

Because the locations for these studies were chosen for their differences in multiple 

environmental factors and adjacent years were chosen for ease and to shorten timelines, 

the environments were considered fixed effects and a fixed effect model ANOVA was 

used for statistical analysis. In the fixed effect ANOVA, sources of partitioned variance 
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include blocks, treatments and error terms. The treatment was broken down into three 

components: G, E and GEI effects in the following equation: 

[3]              +�, -  . / 0� / (, / 0(�, / 1, / 2�, 

where +�, is the average value of the dependent variable of genotype i in environment j, 

μ is a common value to all data points, 0�is the effect of the ith genotype. (, is the effect 

of the jth environment, 0�(, is the effect of the ith genotype by the jth environment, 1, is 

the block effect at the jth environment and 2�, is the residual error term.  

 Stability analysis was performed with the GGE biplot analysis software from Yan 

et al. (2001). The GGE biplot model is as follows: 

[4]                                                +�, - 1, / (,0� / 4�5��6,� / 2�, 

where +�, is the average value of the dependent variable of genotype i in environment j. 

1,is the average value of the dependent variable of environment j. (, is the regression 

coefficient for the environment dependent variable in environment j  on 0�: the main 

effect of genotype i. (,0� encompasses the primary effects of the biplot. Secondary 

effects are explained by the next term: 4� is the value for the first principal component 

of the GGE biplot, 5�� and 6,�  are the vectors of the biplot that represent genotype i and 

environment j in the first principal component. All remaining effects for genotype i in 

environment j fall into the residual term 2�,.  

 Relationships between locations are visualized by the angle between their 

vectors (Yan and Kang, 2003). The correlation coefficient is represented by the cosine of 

the angle between vectors. Small angles have positive correlations nearing r=1, right 

angles have no correlation and angles approaching 180° have negative correlations 
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nearing r-=1. Biplots were assembled as described by Yan and Kang (2003). Biplots were 

constructed using the GGE biplot software (Yan, 2001). 

 

3.3 Results 

For analytical purposes, each location/year was considered an environment (ie. 

six in the Ontario trial and eight in the national trial). All ANOVA tables are included in 

Appendix B. Ontario and national trial results were presented separately, due to the 

different genotypes used in both trials. 

Analytical components include ANOVA tables, Spearman’s correlation statistics 

and biplot analyses. Biplot analyses (Yan and Kang, 2003) were used to measure the 

association between traits, genotypes and their stability. The biplot analysis defines the 

best environments as characterized by large primary effects and low secondary effects.  

The biplot analysis is a visual representation of stability and stability parameters. 

Each biplot displays primary and secondary effects, also called the principal component 

1 (PC1) and 2 (PC2). PC1 and PC2 represent the G and GEI, respectively. G effects are on 

the x-axis and represent the mean performance of the trait for each genotype. GxE 

effects on the y-axis represent the stability and genotypic adaptation to environments 

(Yan, 2001). Highest mean values fall on the positive end of PC1 and lowest mean values 

have negative values. Depending on the trait in question, high or low mean values may 

be desired. Nonetheless, no matter what the trait, a high stability factor is a valuable 

quality. High stability across environments is reflected in a small PC2. Genotypes that 
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are stable over all environments fall very close to the PC2 origin, while genotypes that 

are highly variable are on the extreme positive or negative ends of PC2. 

Total starch and its three components: RDS, SDS and RS, are both important in 

this study. The “best profile” is one with a high overall starch content characterized by 

low amounts of RDS and higher amounts of SDS and RS values. The “best profile” is 

defined by the contributions these components make to GI and its implications for 

human health (Lynch et al., 2007). 

 

3.3.1 Ontario Trial 

 These three locations represent diverse growing conditions that ranged from low 

water (Simcoe) to a well irrigated location in a commercial field (Alliston) (Table A.4). 

The average temperatures and rainfall patterns were different at each, as is the 

maintenance input (Table A.4). Starch data for the Ontario trial environments are shown 

in Tables 3.1 and 3.2, recorded as percent of total weight. 

 

Total Starch 

The significant E (location x year) effect warranted further analysis (Table B.1), displayed 

visually on the biplot (Figure 3.1). Not only do the vectors point in different directions, 

the order for 2009 is different from 2010 displaying location x year interaction effects. 

 The TS values had a greater range of values in 2010 than in 2009 (Table 3.1), 

which likely contributed to the significant location x year effect. Although most starch  
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Table 3.1: Least square means of starch components from the 2009 Ontario trial locations 
expressed on a percent dry weight basis. 

Genotype TS (%) RDS (%) SDS (%) RS (%) 

Simcoe 2009 

CV96044-3 88.3a* 8.8a 2.8a 76.8a 
FV12272-3 88.0a 9.4a 2.3a 76.3a 
WV5475-1 87.0a 10.3a 1.2a 75.5a 
F03031 88.7a 8.9a 2.1a 77.7a 
F05035 89.3a 10.3a 1.4a 77.6a 
F04037 86.9a 11.0a 2.0a 74.0a 
F05081 87.4a 9.3a 2.1a 75.9a 
F05090 86.4a 9.5a 1.9a 75.1a 
Atlantic 88.3a 9.3a 2.6a 76.4a 
Goldrush 88.1a 8.8a 2.9a 76.4a 
Norland 89.2a 9.7a 1.7a 77.8a 
Russet Burbank 87.0a 10.6a 1.2a 75.1a 
Mean 87.9 9.7 2.0 76.2 

Elora 2009 

CV96044-3 90.7a 8.7a 1.6a 80.3a 
FV12272-3 89.3a 9.4a 1.9a 78.0ab 
WV5475-1 89.8a 10.4a 1.0a 78.5ab 
F03031 88.1a 9.7a 1.1a 77.3ab 
F05035 87.9a 10.2a 2.1a 75.6b 
F04037 88.8a 9.9a 1.4a 77.5ab 
F05081 88.7a 9.2a 2.7a 76.8ab 
F05090 88.2a 8.8a 2.3a 77.1ab 
Atlantic 88.5a 9.2a 2.5a 76.9ab 
Goldrush 89.1a 9.3a 1.6a 78.1ab 
Norland 89.0a 9.8a 1.3a 78.0ab 
Russet Burbank 88.7a 9.8a 1.4a 77.5ab 
Mean 88.9 9.5 1.7 77.6 

Alliston 2009 

CV96044-3 85.5a 8.3a 1.7a 75.5a 
FV12272-3 85.1a 9.4a 1.8a 74.0a 
WV5475-1 86.1a 9.8a 1.4a 74.8a 
F03031 84.5a 9.1a 1.8a 73.6a 
F05035 83.8a 10.6a 1.1a 72.1a 
F04037 84.3a 10.3a 2.6a 71.4a 
F05081 84.7a 9.5a 2.0a 73.1a 
F05090 84.5a 9.1a 1.9a 73.5a 
Atlantic 84.1a 8.6a 2.5a 73.0a 
Goldrush 85.2a 8.7a 1.3a 75.2a 
Norland 84.8a 9.7a 1.3a 73.9a 
Russet Burbank 85.0a 10.0a 2.0a 73.0a 
Mean 84.9 9.4 1.8 73.6 

*Means with the same letters within a column and location are not significantly different at p<0.05 based 
on a Tukey’s test. 
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Table 3.2: Least square means of starch components from the 2010 Ontario trial locations 
expressed on a percent dry weight basis. 

Genotype TS (%) RDS (%) SDS (%) RS (%) 

Simcoe 2010 

CV96044-3 94.8a* 5.5a 1.8a 87.5a 
FV12272-3 91.3a 5.5a 1.3a 84.5a 
WV5475-1 91.9a 6.7a 1.6a 83.6a 
F03031 82.2a 6.7a 1.5a 74.0a 
F05035 87.0a 6.3a 1.8a 78.9a 
F04037 81.6a 7.5a 1.3a 72.8a 
F05081 88.2a 6.7a 1.7a 79.8a 
F05090 83.3a 6.4a 1.6a 75.3a 
Atlantic 85.4a 6.0a 1.7a 77.6a 
Goldrush 84.5a 5.8a 1.8a 76.9a 
Norland 82.7a 6.0a 1.3a 76.0a 
Russet Burbank 87.5a 6.5a 1.5a 79.5a 
Mean 86.7 6.3 1.6 78.9 

Elora 2010 

CV96044-3 90.5a 7.2b 1.3ab 82.0a 
FV12272-3 88.4a 7.2b 1.6ab 79.6a 
WV5475-1 84.7a 8.1ab 1.2b 75.6a 
F03031 87.1a 7.9ab 1.4ab 77.9a 
F05035 88.3a 8.6a 0.7b 79.0a 
F04037 87.8a 8.1ab 1.4ab 78.3a 
F05081 91.0a 6.9b 1.5ab 82.6a 
F05090 90.1a 7.9ab 1.2b 81.0a 
Atlantic 90.2a 7.5ab 1.2b 81.5a 
Goldrush 85.8a 7.2b 1.1b 77.6a 
Norland 79.8a 7.5ab 1.5ab 71.1a 
Russet Burbank 90.1a 7.6ab 2.7a 79.8a 
Mean 87.8 7.6 1.4 78.8 

Alliston 2010 

CV96044-3 91.4a 6.1a 1.6a 83.7a 
FV12272-3 84.3a 5.8a 2.1a 76.4a 
WV5475-1 87.3a 8.2a 1.1a 77.9a 
F03031 85.7a 6.9a 1.0a 77.9a 
F05035 86.8a 7.1a 1.4a 78.3a 
F04037 87.3a 7.2a 1.7a 78.4a 
F05081 89.3a 6.7a 1.8a 80.9a 
F05090 94.5a 7.1a 1.4a 86.1a 
Atlantic 85.1a 7.0a 1.6a 76.6a 
Goldrush 94.9a 6.5a 1.4a 87.0a 
Norland 82.2a 6.8a 1.5a 73.8a 
Russet Burbank 92.9a 7.4a 1.2a 84.3a 
Mean 88.4 6.9 1.5 80.1 

*Means with the same letters within a column and location are not significantly different at p<0.05 based 
on a Tukey’s test. 
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Figure 3.1: GGE biplot for total starch (TS) in the Ontario trial. Locations include Simcoe 

2009 (S09), Elora 2009 (E09), Alliston 2009 (A09), Simcoe 2010 (S10), Elora 2010 (E10) 

and Alliston 2010 (A10). Genotypes include CV96044-3 (Cv), FV12272-3 (Fv), WV5475-1 

(Wv), F03031 (F31), F05035 (F35), F04037 (F37), F05081 (F81), F05090 (F90), Atlantic 

(Atl), Goldrush (Gr), Norland (Nor) and Russet Burbank (Rb). 
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values exhibited change over a small range (83 to 89%), the superior genotypes changed 

in different environments, contributing to this significant location x year effect. Alliston 

showed a significant increase in TS values from 2009 to 2010 (p=0.0012). Of the three 

locations, Elora had significantly higher TS values compared to Simcoe and Alliston 

(p=0.0399) in both years. A larger range of TS values would be an indication of higher 

variability in starch components. Biplot analysis separated the six environments into 

three groupings (Figure 3.1). The inability to repeat TS performance in locations over 

time highlights the significance of the location x year effect. 

Of the 12 genotypes, CV96044-3 and WV5475-1 had the highest TS values (90.2 

and 88.0%, respectively) and high stability, especially compared to genotypes like 

F05035 and F03031 (87.2 and 86.1%, respectively) (Figure 3.1). Norland had below 

average TS levels and was highly variable across the six environments. The biplot aligns 

Norland with environment S09, visually indicating the suitability of Norland in S09. 

CV96044-3 and WV5475-1 clustered together with S10, A09 and E09, indicating these 

environments behaved similarly and these two genotypes had similar performance and 

were best adapted at those locations. 

 

Rapidly Digestible Starch 

The G and E effects were significant for RDS (Table B.2). All E effects were 

significant, with year contributing the largest portion of variation, based on magnitude 

of the sums of squares (SS). Visually, this is illustrated where genotypes were widely 
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dispersed across the biplot (Figure 3.2). In 2009, the RDS values for the three 

environments were separated only by a 15° angle, indicating a high degree of similarity.  

Genotypes differed in the amount of RDS. When considering the differences in 

RDS production between years, some genotypes responded with an increase in RDS, 

others with a decrease. In 2010, the differences between environments were greater 

and associated with generally higher temperatures during the growing season (Table 

A.4). This change highlighted the significance of years on the differential RDS production 

in these genotypes. Although there were significant differences in RDS between years, 

the same genotypes were ranked high. In the absence of genotypic crossover effects, 

interaction effects are expected to be small, which was observed for RDS. 

 Biplot analysis indicated the inability to repeat the RDS values in a location over 

time, exemplified by the strong year effect (Table B.2). From the 12 genotypes tested, 

WV5475-1, F05035 and F04037 consistently provided the highest RDS values in every 

environment (8.9, 8.8 and 9.0%, respectively), while CV96044-3 and Goldrush 

consistently produced the lowest amounts of RDS (7.4 and 7.7%, respectively). As part 

of the “best profile”, low amounts of RDS are favourable. Due to the low production of 

RDS and the high stability, CV96044-3 and Goldrush were seen as promising genotypes 

for this component of starch. 

 

Slowly Digestible Starch 

The SDS content found significant G and E (year) effects (Table B.3), with a larger 

majority of the variation attributed to the genotype. This is illustrated in the biplot, 
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Figure 3.2: GGE biplot for rapidly digestible starch (RDS) in the Ontario trial. Locations 

include Simcoe 2009 (S09), Elora 2009 (E09), Alliston 2009 (A09), Simcoe 2010 (S10), 

Elora 2010 (E10) and Alliston 2010 (A10). Genotypes include CV96044-3 (Cv), FV12272-3 

(Fv), WV5475-1 (Wv), F03031 (F31), F05035 (F35), F04037 (F37), F05081 (F81), F05090 

(F90), Atlantic (Atl), Goldrush (Gr), Norland (Nor) and Russet Burbank (Rb). 
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where the vectors of the 2010 locations are much further spread out compared to the 

2009 locations (Figure 3.3). No significant GEI effects were found. 

The SDS content was highly variable among the environments. Simcoe and Elora 

produced similar values in 2009 (2.0 and 1.7%, respectively), but were dramatically 

different in 2010 (1.6 and 1.4%, respectively) (p=0.0006). The biplot shows the vectors 

of the 2010 locations at intervals of 90°  to each other, indicating low correlations 

(Figure 3.3). There were large differences between locations over years, highlighting the 

importance of the location x year effect (Table B.3). 

Some genotypes were able to maintain very stable SDS values throughout 

environments, while other genotypes exhibit a high level of variability. Genotypes on 

the perimeters of the biplot (F05035, F04037, FV12272-3) exhibited high instability with 

a large PC2 and also had average SDS values. Norland, F05090 and CV96044-3 exhibited 

very stable SDS levels (1.4, 1.7 and 1.8%, respectively). Despite the stability Norland 

displayed, it produced a low amount of SDS, a component desired at high levels. 

CV96044-3 had high SDS values and low RDS, fitting the “best profile”, while 

others did not (WV5475-1 with high RDS and low SDS values). Goldrush also had higher 

SDS content, but had a high level of instability. 

 

Resistant Starch 

RS is the largest starch component and accounts for 60 to 90% of TS. The ANOVA 

demonstrated significant E (location x year) effects (Table B.4). There was no correlation 

between 2009 and 2010, as indicated by the 90° angle between vectors (Figure 3.4). The  
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Figure 3.3: GGE biplot for slowly digestible starch (SDS) in Ontario trial. Locations include 

Simcoe 2009 (S09), Elora 2009 (E09), Alliston 2009 (A09), Simcoe 2010 (S10), Elora 2010 

(E10) and Alliston 2010 (A10). Genotypes include CV96044-3 (Cv), FV12272-3 (Fv), 

WV5475-1 (Wv), F03031 (F31), F05035 (F35), F04037 (F37), F05081 (F81), F05090 (F90), 

Atlantic (Atl), Goldrush (Gr), Norland (Nor) and Russet Burbank (Rb). 
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Figure 3.4: GGE biplot for resistant starch (RS) in Ontario trial. Locations include Simcoe 

2009 (S09), Elora 2009 (E09), Alliston 2009 (A09), Simcoe 2010 (S10), Elora 2010 (E10) 

and Alliston 2010 (A10). Genotypes include CV96044-3 (Cv), FV12272-3 (Fv), WV5475-1 

(Wv), F03031 (F31), F05035 (F35), F04037 (F37), F05081 (F81), F05090 (F90), Atlantic 

(Atl), Goldrush (Gr), Norland (Nor) and Russet Burbank (Rb). 
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changes in RS component between all the environments contributed to the location x 

year effect. Biplot analysis did not find any significant mega-environments (Figure 3.4). 

The large angles separating environmental vectors and the change in order of locations 

between years denotes the location x year effect (Table B.4). 

In both years, Simcoe provided the most divergent starch values (Figure 3.4). As 

observed with the TS values, CV96044-3 had the highest RS values (81.0%), and a very 

stable performance throughout environments. Not only did it have the highest TS value, 

It also fit the criteria for the “best profile” previously outlined (TS: 90.2%, RDS: 7.4%, SDS: 

1.8%, RS: 81.0%). Although not fitting every criteria, Goldrush also displayed a 

favourable profile (TS: 87.9%, RDS: 7.7%, SDS: 1.7%, RS: 78.5%) and good stability. With 

above average TS content and an exceptionally low RDS content, it also fell in line with 

some of the aspects of the “best profile”. The starch profiles and stability of CV96044-3 

and Goldrush are potato genotypes worth noting for further analysis.  

 In summary, none of the starch components were found to have significant GEI. 

Most of the variation was attributed to environmental effects, especially location by 

year interactions, implying a complex effect of temperature and moisture as the main 

determinant for the production of different starch profiles. 

 

3.3.2 National Trial 

 The locations used in the national trial are much more diverse than the Ontario 

trial, with different latitudes, average temperatures and rainfall patterns (Table A.5). 

The starch data is shown in Tables 3.3 and 3.4, recorded as percent of total dry weight. 
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Table 3.3: Least square means of starch components the from 2009 national trial locations 
expressed on a percent dry weight basis. 

Genotype TS (%) RDS (%) SDS (%) RS (%) 

Carberry 2009 

V1062-1 90.4a* 8.6a 1.8a 80.0a 
V1255-3 91.2a 9.7a 1.2a 80.3a 
WV5475-1 88.3a 9.1a 1.6a 77.7a 
F05013 90.2a 7.8a 2.1a 80.3a 
F05026 88.8a 9.1a 1.1a 78.6a 
F05032 89.6a 8.0a 1.1a 80.6a 
F05051 90.3a 9.4a 1.3a 79.6a 
F05064 91.1a 7.0a 2.0a 82.1a 
Mean 90.0 8.6 1.5 79.9 

Winkler 2009 

V1062-1 91.4a 8.7a 1.4a 81.3a 
V1255-3 93.1a 9.5a 0.7a 82.8a 
WV5475-1 93.5a 8.2a 1.5a 83.8a 
F05013 94.7a 6.4a 3.1a 85.2a 
F05026 90.7a 8.0a 1.1a 81.7a 
F05032 89.3a 9.0a 0.8a 79.5a 
F05051 92.1a 6.8a 1.8a 83.5a 
F05064 92.8a 10.9a 0.9a 81.1a 
Mean 92.2 8.5 1.4 82.4 

Elora 2009 

V1062-1 91.3d 11.2b 0.7f 79.4d 
V1255-3 90.4e 12.0a 0.8e 77.6f 
WV5475-1 89.4f 9.6c 1.2c 78.6e 
F05051 93.4a 8.8f 1.6a 83.0a 
F05064 92.4c 9.4d 1.3b 81.6c 
Norland 93.1b 9.4e 1.1d 82.6b 
Mean 91.7 10.1 1.1 80.5 

Fredericton 2009 

WV5475-1 88.8a 10.8a 1.2a 76.8a 
F05013 90.8a 9.2a 1.3a 80.3a 
F05026 89.7a 9.8a 2.0a 78.0a 
F03031 95.6a 9.2a 2.1a 84.3a 
F05032 91.3a 11.3a 0.8a 79.3a 
F05035 91.0a 8.2a 2.9a 79.9a 
F05051 93.8a 7.5a 1.9a 84.5a 
F05064 92.5a 9.2a 1.0a 82.3a 
F05090 90.1a 9.0a 1.7a 79.4a 
Atlantic 89.1a 6.8a 3.0a 79.3a 
Norland 89.7a 7.6a 1.4a 80.7a 
Russet Burbank 89.9a 11.4a 0.9a 77.5a 
Mean 91.0 9.2 1.7 80.2 

*Means with the same letters within a column and location are not significantly different at p<0.05 based 
on a Tukey’s test. 
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Table 3.4: Least square means of starch components the from 2010 national trial locations 
expressed on a percent dry weight basis. 

Genotype TS (%) RDS (%) SDS (%) RS (%) 

Carberry 2010 

CV96044-3 84.6a* 7.9a 1.1a 75.6a 
FV12272-3 85.5a 7.9a 1.5a 76.2a 
V1062-1 86.5a 8.5a 1.4a 76.6a 
V1102-1 85.2a 8.3a 1.8a 75.1a 
V1255-3 88.5a 9.0a 0.9a 78.5a 
V3252-1 82.6a 8.7a 1.1a 72.9a 
WV5475-1 94.7a 9.4a 1.2a 84.2a 
F05013 87.7a 8.9a 0.8a 78.0a 
F05026 88.9a 8.5a 1.2a 79.2a 
F03031 85.6a 8.4a 0.8a 76.4a 
F05032 88.7a 8.7a 1.2a 78.9a 
F05035 86.1a 8.6a 1.0a 76.5a 
F05051 88.4a 8.2a 1.0a 79.2a 
F05064 93.5a 8.3a 0.9a 84.2a 
F05090 93.2a 8.2a 0.6a 91.5a 
Atlantic 94.8a 8.8a 1.5a 84.5a 
Russet Burbank 94.9a 8.7a 1.0a 85.1a 
Mean 88.8 8.5 1.1 79.6 

Winkler 2010 

CV96044-3 80.6a 7.5a 1.9a 71.2a 
FV12272-3 77.3a 7.3a 1.4a 68.6a 
V1062-1 81.5a 7.5a 1.5a 72.5a 
V1102-1 78.4a 8.5a 1.7a 68.2a 
V1255-3 89.6a 8.8a 0.9a 80.0a 
V3252-1 86.0a 8.0a 1.4a 76.6a 
WV5475-1 84.7a 8.0a 1.3a 75.4a 
F05013 90.5a 7.8a 1.2a 81.6a 
F05026 79.7a 7.6a 1.3a 70.8a 
F03031 84.5a 7.5a 1.4a 75.7a 
F05032 87.8a 7.2a 1.2a 79.4a 
F05035 82.6a 8.0a 1.6a 73.0a 
F05051 89.0a 7.5a 1.8a 80.3a 
F05064 85.0a 7.6a 1.9a 75.5a 
F05090 82.2a 8.5a 1.0a 72.7a 
Atlantic 82.9a 8.0a 1.5a 73.3a 
Russet Burbank 81.1a 7.6a 1.4a 72.1a 
Mean 83.7 7.8 1.4 74.5 
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Table cont’d 

Genotype TS (%) RDS (%) SDS (%) RS (%) 

Elora 2010 

F05013 80.2a 8.0a 2.0a 70.1a 
F05026 79.9a 8.7a 0.9a 70.3a 
F03031 80.2a 7.5a 1.5a 71.3a 
F05032 96.2a 8.1a 1.3a 86.8a 
F05035 87.5a 8.2a 1.3a 77.9a 
F05051 79.0a 7.1a 2.1a 69.8a 
F05064 85.9a 8.7a 1.4a 75.8a 
F05090 86.9a 7.8a 1.0a 78.1a 
Atlantic 87.8a 7.8a 1.0a 79.0a 
Norland 70.4a 8.5a 1.0a 60.9a 
Russet Burbank 85.7a 7.1a 1.8a 76.8a 
Mean 83.6 8.0 1.4 74.3 

Fredericton 2010 

CV96044-3 76.7a 7.3a 1.2a 68.2a 
FV12272-3 88.5a 7.9a 1.5a 79.1a 
V1062-1 83.8a 7.6a 1.2a 75.0a 
V1102-1 91.0a 8.1a 1.1a 81.8a 
V1255-3 86.6a 8.0a 0.7a 77.8a 
V3252-1 93.2a 6.9a 1.1a 85.2a 
WV5475-1 96.0a 8.3a 0.6a 87.2a 
F05013 77.2a 8.2a 1.6a 67.4a 
F05026 87.8a 8.6a 1.0a 78.2a 
F03031 86.3a 6.8a 1.1a 78.4a 
F05032 96.3a 8.3a 1.2a 86.7a 
F05035 87.2a 7.8a 0.8a 81.4a 
F05051 89.0a 8.1a 1.6a 79.2a 
F05064 95.9a 8.7a 1.5a 85.6a 
F05090 92.8a 8.4a 1.7a 82.7a 
Atlantic 80.7a 9.1a 1.0a 70.6a 
Norland 88.5a 8.6a 1.2a 78.8a 
Russet Burbank 89.1a 9.0a 1.2a 79.0a 
Mean 88.1 8.1 1.2 79.0 

*Means with the same letters within a column and location are not significantly different at p<0.05 based 
on a Tukey’s test. 
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Total Starch 

Significant E effects were found in the TS values (Table B.18). The majority of 

variation is attributed to year effects, but location x year were also significant. The TS 

values were significantly different between years (p<0.0001) and are shown in the biplot 

(Figure 3.5). The biplot also shows the four locations closely clustered in 2009, indicating 

the importance of year effects (Table B.18). However, in 2010 the Winkler location was 

lower and more variable than the other three locations. This and the change in ranking 

of locations in 2010 accounted for the significant location and location x year effects 

(Table B.18). 

WV5475-1 had the highest and most consistent TS (91%), similar to the Ontario 

trial. WV5475-1 also clustered with C10 and F10, suggesting a superior genotype in 

these environments and overall. F05090 had a high TS content and high stability (89%), 

opposite to the Ontario trial (Figure 3.1). CV96044-3 did not have the highest or the 

most consistent TS value (81%) (Figure 3.5), contrasting what was seen in the Ontario 

trial (Figure 3.1). In contrast, CV96044-3 had the lowest TS value found in the 18 

genotypes (80.6%). It was also highly variable depending on the environment, as shown 

by the large PC2. CV96044-3 also did not cluster with any of the environments on the 

biplot, indicating it did not perform well or consistently in any of the environments 

(Figure 3.5). 
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Figure 3.5: GGE biplot for total starch (TS) in national trial. Locations include Carberry 

2009 (C09), Winkler 2009 (W09), Elora 2009 (E09), Fredericton 2009 (F09), Carberry 

2010 (C10), Winkler 2010 (W10), Elora 2010 (E10) and Fredericton 2010 (F10). 

Genotypes include CV96044-3 (Cv), FV12272-3 (Fv), V1062-1 (V10), V1102-1 (V11), 

V1255-3 (V12), V3252-1 (V32), WV5475-1 (Wv), F05013 (F13), F05026 (F26), F03031 

(F31), F05032 (F32), F05035 (F35), F04037 (F37), F05051 (F51), F05064 (F64), F05090 

(F90), Atlantic (Atl), Norland (Nor) and Russet Burbank (Rb). 
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Rapidly Digestible Starch 

The ANOVA showed significant G and E (location and year) effects (Table B.19). 

Environmental effects were predominantly from location, as shown by the wide 

distribution of environments across the biplot (Figure 3.6). The biplot shows location 

vectors with vastly different behaviour for all environments, highlighting the significance 

of the location and year (Table B.19). The genotypic effects also presented a large 

distribution of genotypes across the biplot. 

WV5475-1 exhibited high stability for consistent production of high amounts of 

the undesirable RDS (9.1%) (Figure 3.6). Thus it did not fit the “best profile”. CV96044-3 

consistently maintained low RDS values (7.5%), comparable to the Ontario trial. 

FV12272-3 performed very similarly to CV96044-3 in this regard (7.7%), with one of the 

lowest RDS values and minimal amounts of instability. 

 

Slowly Digestible Starch 

Analysis of SDS showed significant E (year) and GEI (year x genotype) effects 

(Table B.20). The biplot (Figure 3.7) illustrates these differences through the large angles 

found between the vectors of individual locations. Year x genotype effects can be seen 

in Tables 3.3 and 3.4, where the separate years have different superior genotypes. 

F05013 had the highest SDS content of all genotypes in C09 (2.1%) and W09 (3.1%) but 

it had one of the lowest SDS values in the same locations in 2010 (0.8 and 1.1%). This 

large variability with genotypes was indicated by the wide distribution of genotypes 

across the biplot (Figure 3.7). 
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Figure 3.6: GGE biplot for rapidly digestible starch (RDS) in national trial. Locations 

include Carberry 2009 (C09), Winkler 2009 (W09), Elora 2009 (E09), Fredericton 2009 

(F09), Carberry 2010 (C10, Winkler 2010 (W10), Elora 2010 (E10) and Fredericton 2010 

(F10). Genotypes include CV96044-3 (Cv), FV12272-3 (Fv), V1062-1 (V10), V1102-1 (V11), 

V1255-3 (V12), V3252-1 (V32), WV5475-1 (Wv), F05013 (F13), F05026 (F26), F03031 

(F31), F05032 (F32), F05035 (F35), F04037 (F37), F05051 (F51), F05064 (F64), F05090 

(F90), Atlantic (Atl), Norland (Nor) and Russet Burbank (Rb). 
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Figure 3.7: GGE biplot for slowly digestible starch (SDS) in national trial. Locations 

include Carberry 2009 (C09), Winkler 2009 (W09), Elora 2009 (E09), Fredericton 2009 

(F09), Carberry 2010 (C10), Winkler 2010 (W10), Elora 2010 (E10) and Fredericton 2010 

(F10). Genotypes include CV96044-3 (Cv), FV12272-3 (Fv), V1062-1 (V10), V1102-1 (V11), 

V1255-3 (V12), V3252-1 (V32), WV5475-1 (Wv), F05013 (F13), F05026 (F26), F03031 

(F31), F05032 (F32), F05035 (F35), F04037 (F37), F05051 (F51), F05064 (F64), F05090 

(F90), Atlantic (Atl), Norland (Nor) and Russet Burbank (Rb). 
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CV96044-3 had an average level of SDS (1.2%) and moderate stability (Figure 3.7). 

F05013 had the highest levels of the desirable SDS (1.7%) and moderate stability. 

F05013 had average levels of RDS but not as low as CV96044-3. 

 

Resistant Starch 

The RS values were found to have significant year and location x year (E) effects 

(Table B.21). The effect of the year can be seen in the biplot (Figure 3.8) from the 90 to 

180° angles between the 2009 and 2010 environments. GxE effects were not significant. 

Biplot analysis did not show any significant mega-environments (Figure 3.8). The 

wide distribution of environments over the biplot shows the location x year effects 

(Table B.21). There was also a large distribution of genotypes over the biplot indicating 

the variability of RS values across environments and between each other. 

 

Spearman rank correlation statistics found a significant correlation between TS 

and RS for the Ontario and national trial (r=0.947, p<0.0001 and r=0.973, p<0.0001, 

respectively) (Tables 3.5 and 3.6). The Ontario trial found a small negative relationship 

between RDS and RS (r=-0.32, p<0.0001) which was not seen in the national trial.  

WV5475-1 was consistently high in TS (91%) whereas CV96044-3 had lower 

amounts (81%) and was highly variable. This was observed again in the RS values (87 

and 68%, respectively) (Figure 3.8). F05090 is another genotype with high RS (83%), in 

contrast to its performance in the Ontario trial. Based on the biplots, there was no clear 

superior genotype in the national trial. CV96044-3 had the highest stability among all  
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Figure 3.8: GGE biplot for resistant starch (RS) in national trial. Locations include 

Carberry 2009 (C09), Winkler 2009 (W09), Elora 2009 (E09), Fredericton 2009 (F09), 

Carberry 2010 (C10), Winkler 2010 (W10), Elora 2010 (E10) and Fredericton 2010 (F10). 

Genotypes include CV96044-3 (Cv), FV12272-3 (Fv), V1062-1 (V10), V1102-1 (V11), 

V1255-3 (V12), V3252-1 (V32), WV5475-1 (Wv), F05013 (F13), F05026 (F26), F03031 

(F31), F05032 (F32), F05035 (F35), F04037 (F37), F05051 (F51), F05064 (F64), F05090 

(F90), Atlantic (Atl), Norland (Nor) and Russet Burbank (Rb). 
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Table 3.5: Spearman correlation coefficients for Ontario trial starch components where 
N=284 and prob > |r | under Ho: Rho = 0. 

 TS RDS SDS RS 

TS r=1.00 r=-0.073 
p=0.2235 

r=-0.006 
p=0.9135 

r=0.947 
p<0.0001 
 

RDS  r=1.00 r=-0.033 
p=0.5805 

r=-0.316 
p<0.0001 
 

SDS   r=1.00 r=-0.106 
p=0.0747 
 

RS    r=1.00 
 

 

Table 3.6: Spearman correlation coefficients for national trial starch components where 
N=188 and prob > |r | under Ho: Rho = 0. 

 TS RDS SDS RS 

TS r=1.00 r=0.117 
p=0.1098 

r=0.083 
p=0.2548 

r=0.973 
p<0.0001 
 

RDS  r=1.00 r=-0.400 
p<0.0001 

r=-0.011 
p=0.8821 
 

SDS   r=1.00 r=0.071 
p=0.3306 
 

RS    r=1.00 
 

 

environments. It did not maintain high, consistent performance in the national trial, but 

had the “best profile” characteristics of low RDS and higher amounts of SDS and RS. 

CV96044-3 produced the lowest RDS and was highly stable in this regard. 

Of all the starch components, SDS was the only component to display a 

significant GEI effect. Not only was there a great difference between years (1.1 to 1.7%), 

performance differences between field seasons resulted in a change in rank orders 
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(Figure 3.7), suggesting a more complex relationship. Overall, CV96044-3 had the “best 

profile” characteristics, a result also found in the Ontario trial. 

 

3.4 Discussion 

The elucidation of starch profiles within potato genotypes and how the 

environment plays a role in the variability were the main objectives of this study. Potato 

genotypes with desirable starch profiles were found and although GEI effects were 

limited, starch was found to be under genotypic and environment influences.  

Mega-environments are conceptual and group several locations by similar 

genotypic behaviour (Yan and Hunt, 2010). Identified using the GGE biplot software, 

mega-environment analysis can group environments with similar performances together 

(Yan and Kang, 2003). This is a useful tool in determining resource allocation during 

different phases of a breeding program – whether distinct locations or a subsequent 

year could be eliminated to decrease operating costs. Yan et al. (2010) analyzed oat 

breeding performance trials and narrowed ten test locations down to six essential 

locations which represented the entire oat growing area. Despite the inability to identify 

significant mega-environments in starch components, the starch data tended to group 

locations based on the growing year, emphasizing the importance of testing over 

multiple years rather than locations. The biplot consistently grouped Alliston and 

Fredericton with other locations, suggesting the removal of these two locations without 

losing power to distinguish between genotypes or characterize performance. Aside from 

RDS in the national trial, block effects were significant for all components (Tables B.1 to 
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B.4 and B.18 to B.21). Block effect significance highlights the importance of replicating 

trials to capture all variation. 

The test environments spanned a broad range of climatic conditions (Tables A.4 

and A.5) and contributed to a large proportion of variation. In the Ontario trial, Simcoe’s 

warmer temperatures and drought prone sandy soils resulted in considerably reduced 

tuber growth and yield and an increased SDS content (Tables 3.1 and 3.2). Although the 

high SDS content is desirable, it must be considered relative to the low yields (see 

Chapter 5). Like Simcoe, Winkler and Fredericton also had sandy soils and infrequent 

irrigation (Table A.5), contributing to a similar starch profile patterns across most 

genotypes (Tables 3.3 and 3.4). Alliston was considered the best location, with regular 

irrigation and high levels of management (eg. pest control) (Tables A.4). The warm day 

and low night temperatures were conducive to tuber growth but had contributed to 

slightly lower amounts of SDS (Tables 3.1 and 3.2) (Gregory, 1956). Not only did SDS 

exhibit variability depending on environmental conditions, larger variations in TS 

content were found in 2010 compared to 2009 (range: 15.1% vs. 6.9%, respectively) due 

to increased temperature differences (Table A.5). These variations in environmental 

conditions played a significant role in the modification of starch profiles.  

Starch is the product of sugar production and starch enzyme activity and is 

produced during photosynthesis which can be inhibited by adverse environmental 

conditions such as moisture stress (Campbell and Reece, 2008; Taiz and Zeiger, 2010). 

Starch storage begins at tuber initiation and continues until the end of the plant’s life 

cycle. This underscores the importance of adequate moisture levels and favourable 
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temperature levels during the period of tuber growth and explains how the 

environment can play an important role in starch accumulation (deLis et al., 1964). The 

dry environments (e.g., Simcoe) showed an increased proportion of SDS compared to 

environments with adequate moisture levels (e.g., Alliston). 

Previous studies have shown night temperatures to be a large factor in tuber 

bulking (Chapman, 1958; Driver and Hawkes, 1943). Plants grown at high night 

temperatures (e.g., Simcoe) had low to no yields due to poor tuber formation which is 

favoured during low night temperatures (e.g., Alliston) (Gregory, 1956; Slater, 1968). 

However, higher temperatures and lower moisture levels appear to result in higher SDS 

values, a desirable outcome. All tested locations provided different moistures and 

temperature conditions, contributing to a wide range of TS values for all genotypes (70 

to 96%) (Tables 3.1 to 3.4). Elora exhibited the most consistent temperature profile 

(Table A.4), contributing to the stability in TS content (Tables 3.1 and 3.2). However, the 

large difference in precipitation throughout the 2010 growing season (Table A.5) led to 

changes in the starch profile, with lower RDS values (2009: 9.7%; 2010: 6.3%) and higher 

RS values (2009: 76.2%; 2010: 78.9%) (Tables 3.1 and 3.2). Alliston, which received 

adequate levels of moisture throughout the growing season due to supplemental 

irrigation but a warmer 2010 season, also had higher RS levels (2009: 73.6%; 2010: 

80.1%). The higher temperatures in all locations in 2010 (Table A.4) coincided with 

reductions in the RDS values of the Ontario trial (27% lower), (Tables 3.1 and 3.2).  

Genotypic differences also contributed to differences in starch profile. 

Genotypes previously found to have pasty textures (F05032, F05035, F05081) had lower 
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TS values while potatoes with a dry texture (F05064) had higher TS values (Figures 3.1 

and 3.5). Pasty (sticky) and dry (crumbly) textures are linked with low and high DM 

content, respectively (lower and higher amounts of starch, respectively) (van Dijk et al., 

2002). This is consistent with TS levels because higher DM content is associated with 

higher starch.  CV96044-3 and Goldrush were identified as the “best profiles” with a low 

RDS (7.4 and 7.7%, respectively), high SDS content (1.8 and 1.7%, respectively) and good 

stability for these components compared to WV5475-1 (8.9% RDS and 1.3% SDS). 

The starch profile (consisting of RDS, SDS and RS, or as amylose and amylopectin) 

is related to the activity of multiple starch synthesis enzymes. Amylose is synthesized by 

one enzyme – GBSS – while amylopectin is synthesized by at least five (GBSS, SSes, BEs) 

(Zeeman et al., 2010). Differences in enzyme activity can result in altered ratios of RDS 

and SDS components, as seen for different genotypes (Tables B.2, B.3 and B.19). In 

addition to cooler temperatures favouring tuber bulking (Chapman, 1958; Driver and 

Hawkes, 1943), Yamakawa et al. (2007) found high temperatures during the milky stage 

of rice grain ripening down-regulated starch synthesis genes GBSS and BEs, resulting in a 

reduction in amylose and long chain amylopectin. Altering the rice ripening temperature 

conditions resulted in grain weight differences due to a reduction in amylose content. 

Larkin and Park (1999) also observed temperature sensitivity of the rice GBSS enzyme 

and attributed it to genetic polymorphism. A similar study on corn found deficiencies in 

starch BEs resulted in altered branching patterns and changes in digestibility due to 

impaired starch utilization (Xia et al., 2011). This could account for the genotypic effects 

found in the starch profiles of tested potatoes and the potential to breed for such 
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variations. Genetic and environmental effects resulting in altered starch profiles suggest 

a similar genetic mechanism in these tested potato genotypes and explain the G and E 

effects (Larkin and Park, 1999; Xia et al., 2011; Yamakawa et al., 2007). 

Much of the potato starch literature focuses on amylose and amylopectin 

content with an emphasis on the rheological properties for the food processing industry 

(Ai et al., 2011). However, a recent study bridged the gap between biochemical 

composition and in vitro digestion of starches and found a negative relationship 

between RDS and amylose content in barley grain (Asare et al., 2011). Amylose is water 

insoluble and more resistant to digestion than amylopectin, so would be associated with 

SDS and RS. Although this relationship has long been proposed, few papers have 

explored their direct relationship until Asare et al. (2011) directly linked starch 

composition and their corresponding in vitro effects. Despite the exposure of this 

relationship, timed enzymatic hydrolysis to quantify starch fractions is still most 

important because their relationship to physiological effects is more accurate than 

amylose and amylopectin content. However, knowing the amylose and amylopectin 

content may help to explain the physiological effects of starch profiles and could be 

used in breeding programs as a more efficient screening test during selection. 

As a polysaccharide made solely of glucose, starch plays a direct role in blood 

sugar levels, GI, TIIDM and overall health. The digestible profile developed by Englyst et 

al. (1992) bears tremendous weight on the discussion of blood glucose and TIIDM. The 

GI values are known for only two genotypes in this study and are closely related to 

individual starch profiles. CV96044-3 was shown to have a consistent medium GI value 
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(62 to 65±6) compared to V1255-3, which ranged from medium to high GI (59 to 74±6) 

(Moreira and Wolever, 2010; Moreira and Wolever, 2011). In this study, CV96044-3 was 

found to have low RDS levels, which is consistent with the lower GI values derived by 

Moreira and Wolever (2010, 2011). Low RDS levels are correlated with low to medium 

GI values (Lynch et al., 2007). There is only one report from the University of Toronto of 

GI values for one of the commercial cultivars tested, where the GI value of a baked 

Russet Burbank was 76.5±8.7 (Fernandes et al., 2005). This is substantially higher than 

the GI values for CV96044-3 and V1255-3 reported by Moreira and Wolever (2010, 

2011). Based on the current study, the high GI value of Russet Burbank can be explained 

by the starch profile common in most test environments (Tables 3.1 to 3.4). With the 

exception of Elora 2010, Russet Burbank had either the highest or one of the highest 

RDS values (average 8.7%), which would contribute to a rapid release of glucose into the 

bloodstream resulting in a high GI. Henry et al. (2005) reported on the GI of several 

commercially available potato genotypes in Britain and found that GI values covered a 

wide range between 56 and 94. In this study, only CV96044-3 and V1255-3 were 

measured for GI and values for boiled potatoes were 62 to 65±6 and 59 to 74±6, 

respectively (Moreira and Wolever, 2010; Moreira and Wolever, 2011). Based on the 

results from Henry et al. (2005), there are some cultivars with even lower GI values (eg. 

Marfona: GI 56±3). The low GI values for these two genotypes, coupled with Henry et al. 

(2005), highlights the value in exploring the GI values of a wider array of advanced 

genotypes in the AAFC breeding program. The combination of results from Henry et al. 

(2005) and Moreira and Wolever (2010; 2011) strongly suggests that potatoes with a 
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lower GI already exist as commercial cultivars and/or advanced breeding lines. 

Unfortunately, the study from Britain did not include an analysis of the starch profiles 

for tested cultivars, but based on the starch profiles developed to date, many genotypes 

have been identified as potential breeding material for low GI potatoes. 

CV96044-3 and Goldrush were identified as having the “best starch profiles” 

(7.4%, 7.7% RDS, respectively) in contrast to WV5475-1 (8.9% RDS) with the poorest 

profile. Atlantic and Norland had average RDS content (8.0 and 8.4%, respectively), but 

other genotypes had better starch profiles for a healthy potato. In the national trial, 

FV12272-3 and F05051 had a lower RDS, higher SDS content and good stability (Figures 

3.6 and 3.7), indicating favourable potential of these genotypes compared to currently 

available cultivars. The large amount of instability in the RDS and SDS contents of 

Atlantic and Norland (Figures 3.2, 3.6 and 3.7) are also indicators of the need to develop 

newer potato genotypes with stability and a better starch profile for health benefits. If a 

“healthier” potato is going to be marketed, it will be important for the cultivar to have 

stable performance for starch profiles over a range of years and locations. 

RS was measured as a component of our starch profile, but current literature 

suggests RS does not play a role in the fluctuations of blood glucose (Buttriss and Stokes, 

2008). Rather, it is important for the overall health of the colon (Murphy et al., 2008). 

RDS is the most significant contributor to sudden and adverse changes in blood sugar 

levels (Lynch et al., 2007), making it the most important component of starch to monitor. 

The “best profile” was then modelled with low amounts of RDS and a shift toward 
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higher SDS and RS. Through the analysis of starch fractions in the Ontario and national 

trials, CV96044-3 and Goldrush were the genotypes with the “best profile”.  

Although genotypic and environmental effects along with small GEI effects are 

important pieces of information for a breeding program focused on producing a 

healthier potato, the stability of potato genotypes is equally as important. Affleck et al. 

(2008) emphasized the importance of this for other quality characters, such as sugar 

content and French fry colour. In our tested genotypes, V1255-3 had large variations in 

RDS content (8.0 to 12.0%) and high instability, while CV96044-3 experienced little in 

variation and instability (7.3 to 7.9%). The stability of starch components in CV96044-3 is 

one of the reasons why it is noteworthy. 

GEI effects only appeared in SDS, emphasizing the stability of starch components. 

Conventional breeding can be used to develop new potato genotypes with desirable 

starch profiles, or genetic modification of amylose or amylopectin enzymes can be 

utilized to create vast changes in starch profiles. Potatoes with modified starch profiles 

can be used in the fresh market for consumption as a healthy alternative, or utilized in 

the processing industry with a high proportion of total starches (amylose, amylopectin 

or a combination) with desirable rheological properties. 

 

3.5 Summary 

This multi-environment study helped elucidate starch profiles and some of the 

factors affecting starch components in potato. GEI effects seem uncommon in starch 

and starch components suggesting this is an environmental influence.  
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The starch profile of potato tubers have been discussed in this chapter. However, 

the starch content also plays a role in agronomic characteristics and the culinary texture 

and taste of potatoes. These topics will be explored in a later chapter (see Chapter 5). 

Genotype and environment were the most significant factors contributing to 

variations in starch profile. Most frequently, significant year effects were present, 

indicating the influence of temperature, precipitation or another factor of climate 

patterns having the most control and influence over starch production. Biplot analysis 

also favoured years over locations as separate environments, suggesting the use of 

multiple years to better conduct GxE studies. 

Current commercially available potatoes such as Atlantic, Norland and Russet 

Burbank were shown to have starch profiles that could be associated with high and 

undesirable GI values. As a staple food in human diets, it is important to develop a 

healthier potato. The genotypes with the “best profile” of low RDS and higher SDS or RS 

components and favourable stability were CV96044-3 and Goldrush. Goldrush is already 

commercially available. CV96044-3 had low RDS content, high stability and low 

environmental interaction for this genotype. The GI study from Henry et al. (2005) 

identified variation in GI values of common potato varieties while Asare et al. (2011) 

linked digestible starch components with amylose and amylopectin content. However, 

the correlation between GI values and starch components has not been discussed in 

depth. The discovery of an advanced genotype with a good starch profile and 

corresponding lower GI value is an exciting result. 
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Chapter 4: Genotype by Environment Interaction Effects on Fibre 

Components 

 

4.1 Introduction 

Today’s consumers are becoming more proactive in making healthy food choices. 

Through over a decade of research, Gilbert’s (2000) functional food trend report has 

found that shoppers believe foods are a source of functional nutrition for health 

benefits and disease prevention. Piché and Garcia (2001) found health considerations to 

be one of the top three factors when purchasing food at the grocery store and 

consumers wanted more information on healthy food choices. This information can 

come from dietitian and health professionals, but can also come through mainstream 

media communication. Although the latter form of communication can be misinformed, 

it is still capable of driving societal trends. 

For many years, heart health has been on the minds of the public. In recent years, 

gastrointestinal health has pushed its way to the forefront as well, through research and 

mainstream media (Reid, 2004; Thomas et al., 2011). We are bombarded on a daily 

basis with words such as prebiotic and probiotic– all targeting one aspect of our diets – 

fibre (Schley and Field, 2002; Wallace et al., 2011). 

 Since the inception of the term total dietary fibre (TDF) in 1953, its definition has 

expanded to include more than double the original number of components (Buttriss and 

Stokes, 2008). Despite being traditionally classified as a carbohydrate and starch 

component, the widespread interest in RS in the 1970s resulted in their inclusion in the 
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definition of dietary fibre (Nugent, 2005). Current definitions include the classic 

components of cellulose, hemicelluloses and lignins, but now also encompass NDOs, 

gums, mucilages and even synthetic non-digestible derivatives (Buttriss and Stokes, 

2008). The dual classification of RS as a component of starch and fibre forms a link 

between these two classes of glucose-based compounds. 

 Following the definition by Stephen and Cummings (1980), dietary fibre was 

classified as soluble (SF) and insoluble (NDF). Soluble fibres are materials that undergo 

fermentation in the large intestine, such as but not limited to, RS and psyllium seed 

husks. All remaining dietary fibre components, such as lignins, resist fermentation in the 

large intestine and fall into the category of insoluble fibre (Nugent, 2005; Buttriss and 

Stokes, 2008). NDFs move fluid through the colon promoting a healthy digestive tract 

and moderate the pH, while SFs help moderate blood glucose levels and aid in the 

reduction of LDL cholesterol (Alberta Health Services, 2010). While it is important to 

consume enough TDF, it is also good to aim for a balance between NDF and SF, to 

promote bowel and heart health. 

From a health and nutritional standpoint, the classification of dietary fibre is 

based on in vitro tests (Buttriss and Stokes, 2008), but this may be misleading. In vitro 

measurements may not be able to replicate physiological function. A biochemical assay 

may be a poor representation of the complex fermentation process within the intestinal 

tract. It is, however, the most useful biochemical categorization due to its ability to 

precisely measure all components of dietary fibre (Mullin and Smith, 1991). The 

definition of fibre is something that has been debated since it was initially recognized, 
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but the one property fibre molecules have in common is their ability to evade the 

digestion process in the small intestine and pass into the large intestine. Soluble and 

insoluble fibres are categorized based on their mode of action in the intestine. Where 

dietary fibre is defined based on composition, no single definition applies so it can be 

difficult to measure.  

In potatoes, fibre is concentrated in the skin. Previous research found higher 

fibre content in the skin (22.5%) than in the flesh (7.5%), while a skin-flesh combination 

found fibre content to be slightly higher than flesh alone (8.5%) (Mullin and Smith, 

1991). Given the high proportion of flesh versus skin in the tuber, the fibre value of the 

whole tuber more approximates that of the flesh.  

When assessing foods that contribute to human health, high fibre content is 

desirable. The Food and Drug Administration (FDA) set a daily recommended intake (DRI) 

of at least 25 mg of fibre each day, but it is estimated that most Canadians consume less 

than 50% of the DRI (Alberta Health Services, 2010). Potatoes are a good source of 

dietary fibre, but with a high proportion of insoluble fibre located in the skin. The 

creation and production of potatoes with high and predictable (or stable) levels of fibre 

would be a valuable marketing tool for table stock potatoes and contribute to diet 

improvements where potatoes are a staple food. 

The physiology behind fibre bulking in potatoes is relatively unknown. However, 

there is evidence of starch granule production is predominantly under genetic control 

(Jane et al., 1994). As starch synthesis is highly regulated by SSes, the biochemical 

pathway is under strict genetic control. Fibre is also regulated by several biochemical 
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pathways leading to the synthesis of numerous other compounds. An extrapolation of 

this starch research to fibre synthesis would propose an underlying genetic control of 

fibre production. It is also important from a breeding perspective to produce 

environmentally stable potato genotypes. To combine these two ideas of genetic 

control and cultivar stability, the goal is to find a stable potato genotype with a specific 

fibre profile beneficial for gastrointestinal health. Three objectives were defined: 

1. to elucidate the fibre profiles of potato genotypes, 

2. to determine whether stability, G, E and GxE effects exist, and 

3. to relate this to gastrointestinal health. 

Two biochemical assays were performed to determine the fibre profile: a TDF 

assay to measure the total amount of dietary fibre, and a second to determine the NDF. 

SF was calculated as the difference between TDF and NDF. 

The goal of this research is to find potato genotypes with fibre profiles high in 

TDF with relatively equal amounts of NDF and SF. Throughout this chapter, the potato 

genotype that has the best of each fibre component will be referred to as having the 

“best profile”. With the addition of high fibre potatoes to the marketplace, perhaps the 

public can once again return to the humble potato as a source of good nutrition. 

Dietary fibre contains more different types of compounds and molecules than 

starch. From celluloses and lignins to NDOs and RS, each component respond differently 

depending on the genotype and environment. The presence of GEI effects strengthens 

this concept. With possibly dozens of biochemical pathways and enzymes driving the 

production of fibre components, each genetic combination of enzymes will respond in a 
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unique way to environmental conditions. There is a large range in temperature and 

moisture levels across the environments available for this study, creating the potential 

for interaction effects. This GEI study on potato fibre will help shed light on the complex 

mechanism involved in fibre production. 

 

4.2 Materials and methods 

The enzymatic and gravimetric method for TDF determination modified from 

Sigma-Aldrich was utilized for TDF analysis (Sigma Aldrich, TDF100A). An ANKOM 

Technology protocol for NDF analysis was used for NDF determination. SF was 

calculated as the difference between TDF and NDF. 

 

Total Dietary Fibre 

 The TDF assay was done through enzymatic and gravimetric methods using a kit 

from Sigma Aldrich (Sigma Aldrich, TDF100A) with minor modifications. Heat-stable α-

amylase, protease and amyloglucosidase enzymes were used to remove the proteins 

and starches in the sample. To begin the determination, 50 mL Gooch type, high form 

filtering crucibles with coarse porosity and fritted glass disc (Fisher Scientific, 08-237-01) 

were thoroughly cleaned using a one hour heating cycle at 525°C in a muffle furnace 

before soaking and rinsing in water. Crucibles were air-dried and 0.5 g of Celite® (Sigma 

Aldrich, TDF100A) was added before drying at 130°C in a convection oven for three 

hours. This value was recorded as W1 (crucible + celite). Crucibles were stored in 

desiccators until required on day two of the procedure. 
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 On day one, each sample underwent enzymatic treatment to remove protein 

and starch before precipitation of the soluble fibre. One gram samples were weighed 

out into 500 mL Erlenmeyer flasks. To each flask, 50 mL of phosphate buffer (0.08M, pH 

6.0) and 0.1 mL heat stable α-amylase were added. Flasks were covered with aluminum 

foil and agitated in a 95°C shaking water bath for 30 minutes. After gelatinization of 

starches, flasks were cooled before adjusting the pH to 7.5 ± 0.2 with 0.275 N NaOH 

solution (roughly 10.0 mL) and 0.325 M HCl. Immediately before use, a solution of 50 

mg/mL protease was made in phosphate buffer (50 mg protease in 1.0 mL phosphate 

buffer). Each flask received 0.1 mL protease solution and returned to the shaking water 

bath at 60°C for 45 minutes. After protein digestion, flasks were cooled again before 

adjusting the pH to between 4.0 and 4.6 with 0.325 M HCl solution (roughly 3.0 mL) and 

0.275 N NaOH. After pH adjustment, 0.1 mL amyloglucosidase was pipetted into each 

flask before the final shaking incubation period for 45 minutes at 60°C. Four volumes of 

95% ethanol were added and left overnight to precipitate out the soluble fibre. 

 Day two of TDF extraction was the gravimetric separation of fibre from digested 

starch and protein. With the previously prepared crucibles, vacuum lines were set up to 

filter the flask solutions. Before beginning, Celite was redistributed throughout the filter 

with 78% ethanol to form an even mat on the fritted disc. Precipitated solution was 

filtered through the respective crucible. The remaining residue was washed three times 

with 20 mL 78% ethanol, two times with 10 mL 95% ethanol and two times with 10 mL 

acetone. Crucibles and residue were dried overnight at 105°C in a convection oven. 
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 On day three of TDF extraction, ashing was performed. Crucibles were cooled in 

desiccators and the weight recorded as W2 (crucible + celite + residue). Samples were 

then ashed at 525°C for five hours in a muffle furnace. They were cooled to room 

temperature in desiccators before recording the final weight W3 (crucible + celite + ash). 

To calculate the TDF, the residue weight [equation 1], ash weight [equation 2] and blank 

adjustment [equation 3] needed to be calculated before the percent TDF [equation 4] 

could be determined. A blank flask without potato sample was conducted each time, to 

account for inherent errors from stock solutions and glassware. 
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Neutral Detergent Fibre 

 The ANKOM 200 Fibre Analyzer is an automated instrument specifically designed 

for NDF analysis (ANKOM Technology). Using the ANKOM200, 24 samples were analyzed 

simultaneously with the specially designed filter bags (ANKOM Technology, F57). Each 

filter bag was labelled and weighed before adding 0.5 g of sample to each and heat 

sealing each roughly 0.5 cm from the edge with an impulse heat sealer (Midwest Pacific 
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MP-12 1/16” seal width hand operated table top impulse sealer). The initial filter bag 

weight was designated W1 while the filter bags with sample were W2. In each run with 

the ANKOM200, a blank sample filter bag was included and used to correct for moisture 

weight within the filter bags. All 24 sample bags were layered into the bag suspender 

and loaded into the ANKOM200. A total of 2 L of neutral detergent (ND) solution (ANKOM 

Technology, FND20C), 20 g sodium sulphite and 4.0 mL α-amylase were placed inside, 

the lid sealed shut, heated to 100°C and agitated for 75 minutes. After the agitation 

cycle, the heat and agitation were turned off and the drain valve slowly opened to drain 

solution. The analyzers were rinsed with 2 L of boiling water and 4.0 mL α-amylase with 

heat and agitation for five minutes with the lid closed but not sealed shut. After the five 

minutes, the solution was drained and repeated twice more, once with α-amylase and 

once without. After the rinse process, sample filter bags were removed and the excess 

water gently pressed out. Samples were air-dried before drying in a convection oven at 

100°C for four hours. When the filter bags were completely dry, they were cooled in 

desiccators before obtaining the final weight (W3). 

 The percent NDF was determined from two calculations: the blank bag 

correction [equation 5], and the % NDF equation [equation 6]. 

[5]                                      C&#DE (#< TUFF'T>8UD VW�X -  
YZV[PM\]X

Y^V[PM\]X
 

 

[6]                                               % _JK - 
YZ� VŶ  � `^X

Ya
 � 100 
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Fibre was analyzed on only a portion of the Ontario trial samples. In the 2009 

and 2010 field seasons, replications 2 and 3 from each of the three locations (Simcoe, 

Elora, Alliston) were taken for fibre analysis. The national trial was not analyzed for fibre.  

In 2009, the TDF and NDF assays were done in duplicate to account for technical 

errors. In 2010, a test run of one replication from one location was run in duplicate and 

subject to a Χ2 test. No significant differences between duplicate runs were found, and 

subsequent analysis was run one time only for each sample. 

Each trait was analyzed using SAS v9.2 (SAS Institute Inc., Cary, NC, USA, 2009). 

The mean of duplicate samples were used for SAS analysis. ANOVA tables and Spearman 

correlations were calculated and displayed in Appendix B. The GGE biplot software 

program was used according to description in Chapter 3. 

 

4.3 Results 

The fibre data for the Ontario trial is listed in Tables 4.1 and 4.2. No samples 

from the national trial were analyzed. 

Although the fibre profile is important for its role in gastrointestinal health, the 

amount of fibre is the more important factor. Potatoes are not commonly considered as 

a good source of fibre, so one of the objectives of this research was to examine fibre 

levels in several potato genotypes. The “best profile” was defined as a potato with high 

amounts of TDF and roughly equivalent portions of NDF and SF. 

Analyses included ANOVA tables, Spearman’s correlation statistics and biplot 

analyses. Biplot analyses (Yan and Kang, 2003) were used to measure the association  
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Table 4.1: Least square means of fibre components from the 2009 Ontario trial locations 
expressed on a percent dry weight basis. 

Genotype TDF (%) NDF (%) SF (%) 

Simcoe 2009 

CV96044-3 14.1ab* 3.7ab 10.4ab 
FV12272-3 13.1abc 3.1bc 10.0ab 
WV5475-1 12.1abc 3.1bc 9.0abc 
F03031 13.3abc 3.6ab 9.7ab 
F05035 12.8abc 3.5abc 9.2abc 
F04037 10.9c 3.5abc 7.3b 
F05081 14.3a 3.8ab 10.5a 
F05090 11.7bc 3.5abc 8.2bc 
Atlantic 12.3abc 2.6c 9.7ab 
Goldrush 13.1abc 4.4a 8.7abc 
Norland 12.4abc 3.3bc 9.1abc 
Russet Burbank 11.7bc 3.0bc 8.7abc 
Mean 12.7 3.4 9.2 

Elora 2009 

CV96044-3 12.6bcd 3.2ab 9.4bc 
FV12272-3 12.7bcd 3.1ab 9.6bc 
WV5475-1 11.6cd 3.0ab 8.6c 
F03031 13.9ab 3.0ab 10.9ab 
F05035 11.8bcd 2.9ab 9.0c 
F04037 13.5abc 3.9a 9.6bc 
F05081 15.0a 3.3ab 11.7a 
F05090 11.6cd 3.5a 8.2c 
Atlantic 11.4d 2.3b 9.1c 
Goldrush 12.9bcd 3.6a 9.3c 
Norland 11.1d 2.9ab 8.2c 
Russet Burbank 11.8cd 3.0ab 8.8c 
Mean 12.5 3.1 9.4 

Alliston 2009 

CV96044-3 13.4a 2.9a 10.5a 
FV12272-3 13.5a 3.6a 9.9a 
WV5475-1 12.8a 2.8a 10.0a 
F03031 13.8a 3.9a 9.9a 
F05035 11.9a 3.1a 8.8a 
F04037 11.6a 3.4a 8.2a 
F05081 14.1a 3.3a 10.8a 
F05090 11.3a 3.8a 7.5a 
Atlantic 11.5a 2.4a 9.1a 
Goldrush 12.5a 3.6a 8.9a 
Norland 12.2a 4.0a 8.3a 
Russet Burbank 11.4a 3.2a 8.2a 
Mean 12.5 3.3 9.2 

*Means with the same letters within a column and location are not significantly different at p<0.05 based 
on a Tukey’s test. 
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Table 4.2: Least square means of fibre components from the 2010 Ontario trial locations 
expressed on a percent dry weight basis. 

Genotype TDF (%) NDF (%) SF (%) 

Simcoe 2010 

CV96044-3 14.0a* 5.0ab 9.0a 
FV12272-3 13.7a 5.4ab 8.3a 
WV5475-1 12.6a 5.2ab 7.4a 
F03031 14.9a 5.9ab 9.1a 
F05035 13.7a 5.6ab 8.1a 
F04037 13.8a 5.1ab 8.7a 
F05081 14.9a 5.2ab 9.7a 
F05090 12.8a 4.1b 8.7a 
Atlantic 12.5a 4.0b 8.5a 
Goldrush 14.7a 6.5a 8.2a 
Norland 14.1a 5.6ab 8.5a 
Russet Burbank 12.9a 5.6ab 7.3a 
Mean 13.7 5.3 8.5 

Elora 2010 

CV96044-3 11.6ab 3.7a 7.9bcd 
FV12272-3 12.3ab 3.9a 8.4bcd 
WV5475-1 11.1b 3.5a 7.6cd 
F03031 12.1ab 2.1a 10.1a 
F05035 12.0ab 3.3a 8.7abcd 
F04037 11.3b 3.8a 7.5cd 
F05081 13.5a 4.0a 9.5ab 
F05090 10.8b 3.4a 7.4d 
Atlantic 12.2ab 3.0a 9.1abc 
Goldrush 12.5ab 4.3a 8.2bcd 
Norland 12.7ab 3.9a 8.8abcd 
Russet Burbank 10.9b 3.0a 7.9cd 
Mean 11.9 3.5 8.4 

Alliston 2010 

CV96044-3 14.2a 4.7a 9.5ab 
FV12272-3 12.6a 3.5a 9.1ab 
WV5475-1 11.0a 3.7a 7.3b 
F03031 14.5a 4.1a 10.4a 
F05035 13.7a 4.2a 9.5ab 
F04037 13.4a 4.3a 9.1ab 
F05081 14.7a 4.3a 10.4a 
F05090 13.0a 4.7a 8.3ab 
Atlantic 11.7a 2.7a 9.1ab 
Goldrush 12.4a 4.6a 7.8ab 
Norland 12.7a 5.4a 7.4b 
Russet Burbank 11.3a 3.4a 7.9ab 
Mean 12.9 4.1 8.8 

*Means with the same letters within a column and location are not significantly different at p<0.05 based 
on a Tukey’s test. 
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between traits, genotypes and their stability. Best environments are characterized by 

large primary effects and low secondary effects (Yan and Kang, 2003).  

 

Total Dietary Fibre 

TDF had significant G, E and GxE effects (Table B.5). All components of the E 

effects were significant, with the majority from location and location x year effects. The 

GEI effects arise from location x year x genotype effects. The biplot illustrates these 

significant effects (Figure 4.1). The two field seasons from an individual location did not 

have overlapping vectors, indicating their different performances. The wide distribution 

of genotypes across the biplot contributes to the G effect. The GEI effects – through the 

location x year x genotype interaction – come from the large angle of vectors and the 

crossover ranking of locations and genotypes from one field season to the other. 

Mega-environment analysis was also conducted on the biplot to distinguish 

environments that performed distinctly different from others. The analysis grouped all 

six environments into the same mega-environment due to the similar behaviour of TDF. 

 The overall average TDF value was 12.7% and the most stable genotype with the 

highest average TDF was F05081 (14.4%). CV96044-3, a genotype previously shown to 

have an exceptional starch profile, performed well with high stability and an above 

average amount of TDF (13.3%), while F05090 was shown to perform poorly in many 

traits thus far, and also had low amounts of TDF (11.8%). The high level of instability in 

F04037 contributed to the spread of environments on the biplot (Figure 4.1). 
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Figure 4.1: GGE biplot for total dietary fibre (TDF) in Ontario trial. Locations include 

Simcoe 2009 (S09), Elora 2009 (E09), Alliston 2009 (A09), Simcoe 2010 (S10), Elora 2010 

(E10) and Alliston 2010 (A10). Genotypes include CV96044-3 (Cv), FV12272-3 (Fv), 

WV5475-1 (Wv), F03031 (F31), F05035 (F35), F04037 (F37), F05081 (F81), F05090 (F90), 

Atlantic (Atl), Goldrush (Gr), Norland (Nor) and Russet Burbank (Rb). 
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Insoluble Fibre 

 The ANOVA table for NDF showed significant G, E and GEI effects (Table B.6). 

Environmental variations stemmed from year, location and location x year interactions. 

Location x genotype interaction effects were significant, indicating crossover effects 

between locations. A genotype that had higher NDF levels in one location had the 

lowest NDF value in another location (Tables 4.1 and 4.2). The biplot (Figure 4.2) 

showed location x year interactions, where Alliston and Simcoe reversed orders in 

comparison to Elora from 2009 to 2010. Genotypic effects are also evident, especially 

with the high instability in F03031.  

The proportion of NDF was relatively stable between all locations in 2009 (3.1 to 

3.4%) but environmental changes in Simcoe and Alliston for 2010 (5.3 and 4.1%, 

respectively) led to significant changes in the NDF values (p<0.0001), confirming the 

year effect as the largest contributor of environmental variation (Table B.6). 

No clear mega-environments were found, but the biplot grouped S10 and A09 

separately from the other four environments. This is confirmed in Tables 4.1 and 4.2, 

where S10 and A09 both had different values than the other locations of the same field 

season. 

NDF is the main component of potato dietary fibre, and Goldrush had the 

highest amount and performed stably.  F05081 was found to have high and stable levels 

of TDF, and there were average levels of NDF as well (4.0%). Contrary to TDF, F05090 

had above average NDF content (3.8%) while Atlantic had low NDF values (2.8%). 
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Figure 4.2: GGE biplot for neutral detergent fibre (NDF) in Ontario trial. Locations 

include Simcoe 2009 (S09), Elora 2009 (E09), Alliston 2009 (A09), Simcoe 2010 (S10), 

Elora 2010 (E10) and Alliston 2010 (A10). Genotypes include CV96044-3 (Cv), FV12272-3 

(Fv), WV5475-1 (Wv), F03031 (F31), F05035 (F35), F04037 (F37), F05081 (F81), F05090 

(F90), Atlantic (Atl), Goldrush (Gr), Norland (Nor) and Russet Burbank (Rb). 
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Soluble Fibre 

 SF content had significant G, E (year) and GxE (year x genotype) effects (Table 

B.7). The different angle directions of the 2009 and 2010 field seasons and the wide 

distribution of genotypes highlight the year and genotype effects (Figure 4.3). 

Mega-environment analysis grouped all six environments together, indicating 

the repeatability of SF across locations and years (8.4 to 9.4%). Although there were 

significant differences between some environments, they were not large or distinct 

enough to warrant a separate grouping of environments. 

Many genotypes, such as F04037 and WV5475-1, had a large variation in SF 

value (7.3 to 9.6% and 7.3 to 10.0%, respectively). Despite the GxE interaction, F05081 

was consistently the highest producer of SF of all genotypes in all environments (10.4%) 

and was moderately unstable in S09 and A09. The overall profile of F05081 was 

promising for the production of higher fibre potatoes with a good fibre profile. F05090 

and Russet Burbank were consistently the lowest producers of SF (8.0 and 8.1%, 

respectively) and had poor fibre profiles. 

 

Spearman’s correlation statistics found TDF to be correlated with NDF (r=0.563, 

p<0.0001) and SF (r=0.706, p<0.0001) (Table 4.3).  The best fibre profile was found in 

F05081 and CV96044-3. GEI effects were found for all fibre components, but did not 

adversely affect the stability. F05081 had the best fibre profile, but a poor starch profile. 

CV96044-3 had the most desirable profile for starch and one of the best for fibre. Both 

these genotypes are promising candidates for further investigation. 
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Figure 4.3: GGE biplot for soluble fibre (SF) in Ontario trial. Locations include Simcoe 

2009 (S09), Elora 2009 (E09), Alliston 2009 (A09), Simcoe 2010 (S10), Elora 2010 (E10) 

and Alliston 2010 (A10). Genotypes include CV96044-3 (Cv), FV12272-3 (Fv), WV5475-1 

(Wv), F03031 (F31), F05035 (F35), F04037 (F37), F05081 (F81), F05090 (F90), Atlantic 

(Atl), Goldrush (Gr), Norland (Nor) and Russet Burbank (Rb). 

  



97 
 

Table 4.3: Spearman correlation coefficients for Ontario trial fibre components where 
N=144 and prob > |r|under Ho: Rho = 0. 

 TDF NDF SF 

TDF r=1.00 r=0.563 
p<0.0001 

r=0.706 
p<0.0001 
 

NDF  r=1.00 r=-0.146 
p=0.0802 
 

SF   r=1.00 
 

 

4.4 Discussion 

Analyzing potato genotypes to discern fibre profiles and identify significant 

sources of variation were major objectives for this study. Rather than completing fibre 

analysis on all potato samples, analysis was completed on replications two and three of 

the Ontario locations. Chi-square (Χ2) analysis found no significant differences between 

duplicate samples, indicating the ability to run individual samples with confidence. The 

best fibre profile was outlined as high TDF with equal amounts of NDF and SF. In 

contrast to starch, there were significant GxE effects in addition to G and E effects in 

fibre components. 

Biplot analysis clustered all environments together (with the exception of A09 

and S10 in NDF), denoting the similar performances of the trait in question in all of 

these environments. Thus, when testing for fibre, these data suggest only a limited 

amount of testing is required. The ability to identify optimal environments with the 

greatest ability to differentiate between genotypes was also utilized by Affleck et al. 

(2008) in potato French fry colour and Yan and Hunt (2001) for winter wheat yields. The 

separation of A09 and S10 in the NDF component suggests increasing the number of 
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years of analysis rather than locations may provide a more comprehensive 

understanding of the GxE interactions. 

Block effects were significant for all fibre components, highlighting the 

importance of replicating trials (Tables B.3 to B.5). Location, year and location x year 

effects were significant for TDF and NDF but only year effects were significant in SF. This 

suggests the year effect to be a more important factor than location, reinforcing the 

mega-environment finding. The location and year effects can be attributed to the large 

differences in weather patterns between the three chosen locations. Simcoe was hot 

and dry with the least management inputs of the chosen locations. Elora had a 

moderate temperatures and precipitation with moderate inputs and Alliston had 

optimal temperature and moisture conditions with excellent disease and insect 

management. 

The environmental conditions at each of the three locations provided the basis 

for differences in fibre production. In each fibre component, the genotype also plays an 

important role, suggesting a gradient for enzyme kinetics in fibre synthesis. Usadel et al. 

(2004) found reductions in rhamnogalacturonan I (a plant primary cell wall pectin 

polysaccharide) synthesis with mutant Arabidopsis lines, ultimately affecting the SF 

content. Whetten and Rederoff (1975) discussed the increased lignification (NDF 

component) of the secondary cell walls brought on by stress, potentially as a defense 

mechanism against pathogens and predators. Hu et al. (2009) tested drought stress in 

drought tolerant and drought sensitive maize plants. The drought-induced proteins 

were found to be involved in lignin biosynthesis (NDF component) in maize leaves and 
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led to higher lignin content in the drought-tolerant plants. This proposed correlation 

between stress and fibre components is further exemplified with the results obtained 

from this study. 

The three locations quantified for fibre were unique in their variety of stresses: 

temperatures, moisture levels and pathogen risk. Simcoe, the location with the highest 

levels of stress, had the highest TDF levels in both years (12.7 and 13.7%, average) 

(Tables 4.1 and 4.2). Although Simcoe was the hottest and driest environment, 2010 had 

even hotter and drier weather than 2009 (Table A.4). This additional stress resulted in a 

significant increase in NDF (lignin) levels (p<0.0001) (3.4 to 5.3%) which agrees with the 

findings from Hu et al. (2009) and Whetten and Rederoff (1975) (Tables 4.1 and 4.2). 

The stress levels in Simcoe resulted in higher TDF and NDF levels, which meet the 

requirements in the “best” fibre profile of high TDF and increased NDF content. The 

2010 field season showed a greater amount of variation than 2009 due to the increased 

stress from hotter temperatures. Elora, with low environmental stresses, had the lowest 

TDF and NDF levels in both years and a SF value comparable to Simcoe and Alliston, 

supporting the research findings of Hu et al. (2009) and Whetten and Rederoff (1975). 

The biplots (Figures 4.1 to 4.3) indicated F05081 to be highest in TDF and SF levels, and 

to have higher than average NDF levels and good stability. CV96044-3 also exhibited 

above average levels of each fibre component and good stability throughout. Although 

Goldrush had higher NDF levels and good stability, it did not have an overall good fibre 

profile due to its lower TDF and SF levels. F05081 and CV96044-3 had the “best” fibre 

profiles, with high amounts of all fibre components (TDF: 14.4% and 13.3% NDF: 4.0% 
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and 3.9%, SF: 10.4% and 9.5%, respectively). The fibre profile of CV96044-3 is 

particularly promising because of its desirable starch profile as well (Chapter 3). With an 

attractive starch and fibre profile, CV96044-3 may serve a dual purpose in the 

amelioration of GI effects and better gastrointestinal health. 

Differences in TDF and SF content were found to have a significant contribution 

by genotype (Tables B.5 and B.7), indicating the potential ability to breed for potatoes 

with higher TDF and SF content. However, NDF was more influenced by the 

environment than the genotype (Whetten and Rederoff, 1975). Since SF is a calculated 

value, a large source of variation in SF should also come from TDF. The development of 

high NDF potato genotypes is complicated by the environmental factors, further 

solidifying the need to test fibre content over a series of years. 

Dietary fibre is composed of several compounds, including cellulose, lignin, 

pectins and RS (Buttriss and Stokes, 2008). Each of these compounds utilizes several 

different enzymes in their production, so a more complex mechanism of interaction 

between the potato genotype and environment is expected (Campbell and Reece, 2008; 

Whetten and Sederoff, 1995; Usadel et al., 2004). This was confirmed by the ANOVA 

tables for fibre components (Tables B.5 to B.7), where the presence of GxE effects was 

noted. These GEI bring to the forefront a complex mechanism underlying the production 

of fibre within potato tubers, through interactions between the genotype and the 

environment. 

Of dietary fibre, SF is an important component for heart health (Alberta Health 

Services, 2010). NDFs are important for removing toxic waste within the colon and 
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promoting regularity while SFs can also ease constipation but are more commonly 

known for reducing the “bad” low density lipoprotein (LDL) type of cholesterol and 

blood sugar levels (Alberta Health Services, 2010). These are especially important when 

trying to combat issues such as CVD and CHD. Psyllium, a soluble fibre, had been added 

to many food products to promote lower cholesterol and reduced heart disease risk 

(Metamucil, 2011). Both components of fibre are important and achieving fibre content 

of equal NDF and SF contribution is ideal. With an average of 12.7% TDF, 3.8% NDF and 

8.9% SF in all tested samples (Tables 4.1 and 4.2), F05081 has a profile above the 

analyzed average for all fibre components (TDF: 14.4%, NDF: 4.0%, SF: 10.4%) and 

CV96044-3 with a similar profile (TDF: 13.3%, NDF: 3.9%, SF: 9.5%). However, all potato 

genotypes are low in NDF, falling below the target of equal amounts of NDF and SF. 

The significant GxE effects complicate breeding for improved fibre content in 

potato. Although it is highly regulated by genotypic and environmental factors, there are 

still confounding effects that create complex interaction relationships. A larger study 

over a number of years may help with a better understanding of these complex GxE 

relationships. 

 

4.5 Summary 

 The analysis of TDF has demonstrated the importance of the G, E and their 

interaction effects on fibre components. The biplots for fibre traits exhibited their 

efficiency in identifying genotypes and environments for superior production. 
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Classification of stability and trait performance was possible because of the ease of 

visually assessing biplot figures. 

While Atlantic and Russet Burbank fared poorly for fibre content, Goldrush and 

Norland had average performances. F05081 and CV96044-3 were able to outperform 

these commercial genotypes and improve the overall fibre content and the amount of 

NDF and SF available. To contrast, there were genotypes that also had poor 

performances with considerably lower amounts of all fibre components. 

F05081 was stable in all locations while CV96044-3 exhibited slight variability, 

both with high amounts of TDF, NDF and SF (Figures 4.1 to 4.3). Previous research has 

found correlations between stress and fibre content, particularly in NDF content (Hu et 

al., 2009; Whetten and Rederoff, 1975). Mega-environment analysis also indicates all six 

environments to be part of the same group. Further analysis should include more years 

of study to uncover greater variability. 
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Chapter 5: Genotype by Environment Interaction Effects on Agronomic 

and Quality Components 

 

5.1 Introduction 

 When breeding for value added traits such as starch and fibre profiles, it is 

important to consider the key agronomic characteristics that are the defining qualities 

of cultivated crops. Corn has breeding programs focused on yield gains, but corn and 

many other crops also have value added trait breeding programs that consider yield a 

key factor (Lee et al., 2005; Murphy et al., 2009). Value added traits are a key 

component of interest, but yield must still be high and consistent for economic and 

sustainable production. 

Since the fresh market for potatoes is large, taste is important and the culinary 

aspects of potato are also evaluated. Solid content measurement is important in potato 

because of the fresh, processed and stored utilization of potato and the importance of 

the water content. DM content and SG are measured to quantify solid content. 

In addition to total marketable yield, the tuber size grades are important 

measures of quality. Four size grades exist for potato tubers: Canada #1 large (> 8.9 cm 

diameter), Canada #1 (5.7 to 8.9 cm), Canada #1 small (4.7 to 5.7 cm) and cull (< 4.7 cm) 

tubers. Canada #1 and Canada #1 small tubers are important in the fresh and processing 

industries for their uniform shape and size. Canada #1 large tubers are oversized and 

sometimes misshapen from secondary tuber growth, while cull size tubers are too small 

and typically include the damaged and diseased portion of the total yield (Zundel, 1923). 
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The total yield encompasses all four tuber size grades, but only Canada #1 and Canada 

#1 small size grades are considered marketable. The total marketable yield is heavily 

dependent on the distribution of tuber into the four size grades, with marketable yield 

leaning towards the Canada #1 and Canada #1 small size grades. 

Potato culinary quality includes consistency in flavour, texture and frying colour 

(i.e., reducing sugar content). For table stock potatoes, the boiling and baking flavours 

are important measures that can indicate consumer preference. AAFC standardized 

boiling and baking protocols are utilized to test the quality and consistency of specific 

potato culinary qualities. 

 In the potato industry, there are different quality standards for potatoes used for 

French fries, potato chips, table stock and storage (Potato Growers of Alberta, 2009). 

French fry potatoes have DM and SG requirements to maintain low water levels within 

these genotypes. Potatoes with high water content absorb much more oil to replace the 

water during frying and become soggy, which is not a desirable quality attribute. This 

occurs because during the frying process, water is replaced by oil. Potatoes with 

minimal water content absorb less oil, resulting in lighter French fries and chips that 

retain their crispness. Long, straight tubers are favoured for French fries, so a maximum 

number of identical sized fries can be cut from each potato. High DM and SG are also 

desired. Chipping potatoes are oval in shape with high DM to produce large full size 

round potato chips. 

In contrast, table stock potatoes require a different set of quality characters 

compared to processed potatoes. Since water content is not a big factor, the high DM 
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and SG requirements are not as important. However, for storage of table stock potatoes, 

a higher total solid content reduces shrinkage over time. Shrinkage occurs naturally over 

time with the continual loss of water from the tuber. The reduction in overall tuber 

weight over time causes shrinkage and wrinkling of the tubers, a negative quality aspect 

for storage potatoes. Therefore, although high DM and SG are not requirements in table 

stock potatoes, the higher the solid content is, the better the storability of the tubers.  

In this study, agronomic traits were measured to identify potatoes suitable for 

fresh markets. For all genotypes grown, the yield, tuber number, potato size grades, 

culinary qualities, SG and DM were measured to help identify advanced clones suitable 

for commercialization. 

Yield and yield components are largely environmentally controlled due to the 

dependence on soil moisture levels and temperatures (Singh, 1969; Yamaguchi et al., 

1964). Tuber growth, development and ultimately yield, are heavily dependent on 

available moisture levels (Ingram and McCloud, 1984; Kincaid et al., 1993). When 

moisture is low, growth stops, and depending on the timing of drought, this can either 

result in a loss of tuber number (when available stolon tips aren’t filled with sugars) or a 

shift in size grading proportions (when the plant stops shunting carbohydrates until 

moisture is returned to adequate levels) both which result in yield loss (Jones and 

Johnson, 1958; deLis et al., 1964).  

The temperature profile of the growing season can also greatly affect tuber yield. 

Optimal root growth occurs at 22 to 24°C and optimal tuber formation occurs between 

14 and 16°C (Ingram and McCloud, 1984). This concurs with previous research on night 
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temperatures for tuber development (Yamaguchi et al., 1964). Tuber development is 

optimal between 15 to 21°C, with misshapen tubers occurring at high temperatures 

(27°C) and delayed growth at low temperatures (10°C). Highest DM accumulation was 

also found when temperatures were between 14 and 22°C (Ingram and McCloud, 1984). 

The surrounding soil moisture content also influences tuber development. 

Drought stress and waterlogged soils can lead to yield loss (Jones and Johnson, 1958; 

Thorne and Peterson, 1954). Jacob et al. (1952) found moisture levels between 12 and 

16% (50 to 60% field capacity) optimal for tuber development. Researchers before and 

after Jacob found similar results (Ensign, 1935; Bradley and Pratt, 1954). Critical 

moisture level maintenance occurs during stolon tip development and initial 

tuberization (deLis et al., 1964). Without adequate moisture, stolon tip development 

can be hindered or tuberization from all stolon tips can be compromised, resulting in a 

yield loss through the reduction in maximum potential tuber number. 

 High yields are important, but equally important is the distribution of tubers 

across the various size grades. Cull size tubers are undesirably, as are Canada #1 large 

tubers. Optimal tubers sizes are Canada #1 and Canada #1 small tubers. Culinary tests 

on tubers were performed to evaluate potential fresh market opportunities and total 

solid contents were determined for storability of potato tubers and available of process 

industry possibilities. Potato genotypes with promising agronomic characteristic are 

those that are high yielding and stable across all tested environments, and also with a 

good profile of tuber size grades. The “best profile” would also have good culinary taste 

and high total solids content for storability. 
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 The examination of yield and related yield components are important to growers, 

producers and industry. These components play a role in determining potato prices, 

although this study focuses primarily on starch and fibre content. This research had two 

objectives: 

1. to examine the yield and all related yield components of potato genotypes, and 

2. to determine the stability, G, E and GxE effects. 

 

5.2 Materials and Methods 

For all field trials, vine killing was done with Reglone between the last week of 

August and the second week of September. Plots were harvested by hand or with a 

single-plot harvester, depending on location. 

The standard plot size for the field trials was a single 5.0 m long row by 1.0 m 

wide hill (5.0 m2 plot). The total yield was reported as the total yield attainable from a 

full 5.0 m2 plot of plants. This standardized yield was derived from the calculated yield 

per individual plant, then multiplying by the number of plants planted in a 5.0 m long 

row depending on the spacing of the genotype in question [equation 1]. For all the 

genotypes used in these experiments, with the exception of Russet Burbank, 25.4 cm 

spacing was used between each plant, permitting 20 plants in each 5.0 m2 plot. Russet 

Burbank was planted with wider spacing – 45.7 cm – which allowed 11 plants in each 5.0 

m2 plot. 

Where yield is a G and E specific calculation and Russet Burbank is multiplied by 11 (not 20). 

[1]                                                +8'&9 -  
����� ��� ���� 

����� ��*��
 � 20 
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 Along with the total yield, the total tuber number was also counted from each 

plot. The total tuber number was standardized to a 5.0 m2 plot the same way yield was 

[equation 2]. 

Where tuber number is a G and E specific calculation and Russet Burbank is multiplied by 11 (not 20). 

 [2]    I:('F D:$('F -  
����� �*��� �*����

����� ��*��
 � 20 

 Tubers from each plot were graded for size based on four size categories. Canada 

#1 large potatoes have diameters greater than 8.9 cm, Canada #1 potatoes are between 

5.7 and 8.9 cm, Canada #1 small potatoes are between 4.7 and 5.7 cm, and cull potatoes 

are less than 4.7 cm in diameter. The grade weights are then standardized in the same 

manner as the total yield and total tuber number and expressed as a percent of total 

yield. 

Culinary properties of potato cultivars were tested using a standardized AAFC 

culinary tasting test sheet. Four potatoes of roughly equal size were chosen for each 

genotype – two for boiling and two for baking. After cleaning, boiled potatoes were 

cooked for 30 minutes, or until soft when pricked with a fork. Prior to baking for 50 

minutes at 400°C, potato skins were pierced with a fork to allow moisture to escape. 

Each tasting test was scored out of 100 based on specific culinary categories. 

The boil score had five unequally weighted components. Appearance was rated 

on a 20 point scale, ranging from 0 – poor to 20 – excellent. Texture was allotted 40 

points, ranging from 5 – extremely moist to 40 – extremely mealy. The flavour scale 

ranged between 0 for extreme off flavour and 20 for no off flavour. Sloughing was given 

10 points where extreme sloughing receives 0 points and no sloughing received a 
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perfect 10 points. The last category was discolouration, worth 10 points. Extreme 

discolouration does not receive any points and absolutely no discolouration gets a full 

10 points. 

The bake score was rated on a similar scale, but without the sloughing category. 

Sloughing is the act of shedding a specific layer for a specific reason (i.e., dead tissue). In 

potatoes, boiling will cause sloughing of the outer layer of skin when the potato 

becomes too soft and begins to disintegrate in the boiling water. Baked potatoes do not 

have this issue, and so no points were awarded in this category. The points were shifted 

to the appearance and texture category. The appearance was rated out of 25 points, 

and texture out of 45 points. Rating scales and other categories remained the same. 

SG and DM are other important characters that determine the quality of the 

harvest. SG is a measure of the solid content of the tubers and is calculated from 

weighing the potatoes in air and in water [equation 3] (Sharma et al., 1958). 

[3]                                                 cd -   
������Mef

������Mef� ������gMhQf
 

 SG is similar to a density calculation. Numbers greater than 1.0 indicate potato 

tubers with densities greater than water and thus a higher solid content. Tubers with SG 

less than 1 have densities less than that of water and a lower solid content. These 

tubers will float when placed in water and are an indication of more severe problems, 

such as hollow heart. 

 DM is a measure of the moisture content, mostly from water molecules bound 

to the potato solids content. One-gram samples of potato were dried in a convection 

oven at 135°C for three hours before cooling in desiccators and weighed [equation 4]. 
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 All performance traits were analyzed using SAS v9.2 (SAS Institute Inc., 

Cary, NC, USA, 2009). ANOVA tables and Spearman rank correlations were calculated 

and presented in Appendix B. The GGE biplot software program (Yan and Kang, 2003) 

was used according to description in Chapter 3. 

 

5.3 Results 

 

5.3.1 Yield, tuber size and size grades 

 Data for total yields, tuber numbers and size grade data for the Ontario trials are 

shown in Tables 5.1 and 5.2 and the national trial data in Tables 5.4 and 5.5. For 

analytical purposes, each location/year was treated as an environment (six in the 

Ontario trial, eight in the national trial). All ANOVA tables are included in Appendix B 

and show the breakdown of G, E and GEI effects. 

The results for yield and yield components from the Ontario and national trials 

were presented separately, since the genotypes were different in the two trials. 
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Table 5.1: Least square means of yield components from the 2009 Ontario trial locations 
expressed as kg plot-1 and percent total yield. 

Genotype Total yield 
(kg) 

Tuber 
number 

Canada Size Grades (% total yield) 

#1 Large #1 #1 Small Cull 

Simcoe 2009 

CV96044-3 4.1de* 60b 0.00b 2.68f 50.24ab 48.05b 
FV12272-3 6.1de 67b 0.00b 12.13def 54.26ab 34.59bc 
WV5475-1 10.7bc 76b 0.00b 20.47def 51.96ab 25.32cd 
F03031 16.0a 151a 0.00b 48.50bc 35.50abc 14.69cde 
F05035 6.9cd 60b 0.00b 53.47bc 33.04abc 12.61cde 
F04037 14.2ab 68b 9.01a 78.73a 8.80cd 2.68e 
F05081 7.3cd 78b 0.00b 34.66cd 46.57ab 22.19cde 
F05090 2.1e 65b 0.00b 0.00f 0.00d 100.00a 
Atlantic 8.4cd 59b 1.19b 59.88ab 28.93bc 8.33de 
Goldrush 4.3de 40b 0.00b 20.23def 51.40ab 25.58cd 
Norland 6.5cde 81b 0.00b 21.38de 56.00a 26.31cd 
Russet Burbank 5.9de 47b 0.00b 23.39de 37.29ab 22.37cde 
Mean 7.7 71 0.85 31.29 64.46 28.56 

Elora 2009 

CV96044-3 10.3bcd 125b 0.00a 18.06a 55.34a 25.24bc 
FV12272-3 12.9cd 124b 0.00a 13.41a 50.47ab 35.19c 
WV5475-1 14.8ab 115bc 0.00a 77.77a 52.70ab 24.93bc 
F03031 20.0a 198a 0.00a 41.40a 40.65abc 17.00cd 
F05035 15.4ab 123c 1.30a 58.05a 29.61c 9.55de 
F04037 15.6ab 87bc 3.65a 78.85a 12.44d 3.40e 
F05081 12.1cde 89bc 0.00a 63.47a 29.09cd 7.52de 
F05090 7.0d 91bc 0.00a 0.00a 10.86d 88.29a 
Atlantic 12.9bc 98bc 1.86a 59.61a 29.38c 6.59de 
Goldrush 14.1ab 110bc 0.00a 35.96a 47.80ab 12.91cde 
Norland 14.3b 126b 0.91a 47.50a 38.60bc 11.89de 
Russet Burbank 7.8cd 60c 3.08a 32.31a 41.15abc 20.26cd 
Mean 13.1 112 0.90 43.87 36.45 21.90 

Alliston 2009 

CV96044-3 22.1bcd 218bc 1.13b 44.84ab 34.66abcd 17.06bcd 
FV12272-3 20.4bcd 161ef 0.00b 19.75bc 37.70ab 25.59b 
WV5475-1 24.9abcd 175cde 1.20b 49.24a 44.02a 17.07bcd 
F03031 34.2a 299ab 2.75b 60.50a 22.19bcd 14.01cd 
F05035 29.0abc 257ab 0.79b 48.62ab 25.79abcd 16.76bcd 
F04037 31.0ab 209bcde 23.52a 71.45a 14.10d 7.19d 
F05081 28.8abcd 157defg 26.77a 50.80ab 17.01cd 5.38d 
F05090 17.5cd 159ef 0.00b 4.23c 42.11ab 53.60a 
Atlantic 25.6abcd 183cde 4.02b 58.20a 27.03abcd 7.50d 
Goldrush 18.5cd 104g 0.86b 49.89a 24.76abcd 8.81cd 
Norland 19.0cd 212bcd 0.00b 50.00a 39.47abc 19.37bc 
Russet Burbank 16.1d 112fg 3.17b 45.16ab 42.30ab 14.29bcd 
Mean 23.9 187 5.35 46.06 30.93 17.22 

*Means with the same letters within a column and location are not significantly different at p=0.05 based 
on a Tukey’s test. 
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Table 5.2: Least square means of yield components from the 2010 Ontario trial locations 
expressed as kg plot-1 and percent total yield. 

Genotype Total yield 
(kg) 

Tuber 
number 

Canada Size Grade (% total yield) 

#1 Large #1 #1 Small Cull 

Simcoe 2010 

CV96044-3 10.6de* 152a 0.00a 15.66cde 47.92ab 37.45b 
FV12272-3 9.7e 113abc 0.00a 13.92de 55.57a 30.21bc 
WV5475-1 16.0abc 118abc 0.00a 17.59de 50.19ab 31.13bc 
F03031 12.1bcde 146ab 0.00a 22.23cd 44.13abc 32.64bc 
F05035 20.0a 151a 0.00a 58.05ab 30.50bc 12.80de 
F04037 15.3abcd 121abc 0.00a 66.27a 27.06c 7.06e 
F05081 9.4e 104bc 0.00a 23.09cd 53.09a 24.47bcd 
F05090 4.0f 103bc 0.00a 0.00e 0.00d 100.00a 
Atlantic 16.3ab 114abc 1.23a 66.38a 25.21c 6.69e 
Goldrush 13.8bcde 108abc 2.17a 37.90bc 40.51abc 19.49cde 
Norland 10.9cde 117abc 0.00a 33.85cd 42.11abc 23.30bcd 
Russet Burbank 12.2bcde 100c 0.82a 22.21cd 40.74abc 35.74b 
Mean 12.5 121 0.36 31.43 38.09 30.08 

Elora 2010 

CV96044-3 15.7bcde 182a 0.57b 28.28ef 43.31ab 26.88b 
FV12272-3 14.4cde 130bc 0.76b 21.46fg 50.83a 26.11b 
WV5475-1 18.5bc 98def 0.00b 54.38abcd 33.41bcd 11.62cd 
F03031 18.0bc 171a 0.00b 44.22cdef 40.11abc 14.39c 
F05035 26.6a 161ab 8.80ab 64.02abc 20.53de 6.02cd 
F04037 19.9b 108cdef 13.72a 70.00ab 12.51ef 3.37d 
F05081 12.2ef 92ef 8.44ab 49.51bcde 29.02cd 7.87cd 
F05090 7.7f 132bc 0.00b 0.00f 4.16f 93.51a 
Atlantic 14.6cde 77f 11.37ab 74.32a 11.44ef 2.12d 
Goldrush 17.0bcd 90ef 3.24ab 66.89abc 22.29de 7.41cd 
Norland 15.3cde 123cde 1.70ab 49.87bcde 38.10abc 9.48cd 
Russet Burbank 13.2de 90ef 2.12ab 34.32def 47.95a 15.15c 
Mean 16.1 121 4.23 46.44 29.47 18.66 

Alliston 2010 

CV96044-3 22.3abcd 353a 0.00b 18.16de 42.20abc 39.73bc 
FV12272-3 16.5de 181bcd 0.00b 15.21ef 37.58bcd 47.39b 
WV5475-1 23.7abcd 197bcd 0.00b 17.43de 51.31a 31.31cd 
F03031 24.7abc 240bc 0.00b 49.39bc 35.14bcd 15.30de 
F05035 26.9a 265ab 0.00b 44.57bc 33.38bcd 20.19de 
F04037 24.9abc 211bcd 3.61a 74.70a 12.85e 8.63e 
F05081 21.4abcd 175cd 2.29a 58.69ab 28.46cd 10.70e 
F05090 12.7e 209bcd 0.00b 0.00f 11.26e 88.35a 
Atlantic 25.7ab 193bcd 6.61a 61.48ab 23.07de 7.59e 
Goldrush 17.9cde 133d 0.84b 45.14bc 37.09abcd 19.11de 
Norland 18.3bcde 213bcd 1.75ab 32.84cd 45.19ab 19.67de 
Russet Burbank 22.4abcd 149d 4.46ab 24.24de 49.02ab 22.54cde 
Mean 21.5 210 1.6 33.49 33.87 27.54 

*Means with the same letters within a column and location are not significantly different at p=0.05 based 
on a Tukey’s test. 
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Ontario Trial 

Total yield 

 The total yield was found to have significant G, E and GEI effects (Table B.8), 

warranting further analysis. Location contributed the largest portion of variation of all 

environmental effects. Location x genotype and year x genotype interaction effects 

were significant, contributing roughly equal amounts toward the total model. 

Taking into consideration all the sources of variation, the location provided by 

far the greatest proportion of the SS (Table B.8). In the Ontario trials for 2009 and 2010 

(Tables 5.1 and 5.2), the yield was consistently and statistically higher in Alliston (2009: 

23.9 kg plot-1; 2010: 21.5 kg plot-1) than other locations (p<0.001). Elora had moderate 

yields (2009: 13.1 kg plot-1; 2010: 16.1 kg plot-1), but the yield from Simcoe was lower 

(p<0.0001) in both field seasons (2009: 7.7 kg plot-1; 2010: 12.5 kg plot-1). Simcoe was 

hot in both field seasons, and also has a soil type that lacks the ability to hold moisture 

(Table A.4). Despite the comparable amounts of precipitation in Simcoe and Elora, 

Simcoe was a much drier location because of the evapo-transpiration rates due to high 

temperatures and the moisture loss from soil drainage (King and Stark, 1997). The soil 

type in Elora was more conducive to retaining moisture. Its moderate temperatures 

with cooler night temperatures were better for plant growth and tuber development. 

Alliston did not have precipitation measurements, but since the field was located in a 

commercial grower’s field with supplemented irrigation, moisture levels were well 

monitored. Alliston had the coolest night temperatures, highly conducive to tuber 

growth and development. Despite having daytime high temperatures similar to Simcoe, 
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the moisture in the soil likely aided in the moderation of soil temperatures to protect 

the growing tubers from the heat. This was not the case in Simcoe, where agronomic 

traits suffered. 

Although each of the individual locations represented vastly different 

environmental conditions, the effect of the year was responsible for more of the 

crossover effects among the yield potential of the potato genotypes. 

Analysis of the data using biplot (Figure 5.1) split the six environments into two 

groupings. The 2009 field season locations were separated from 2010. These two 

clusters divided environments into their respective field seasons, revealing the relative 

importance of multi-year testing over multi-environments. 

The most desirable genotype was F04037, with high yields and high stability 

(20.2 kg plot-1) (Figure 5.1). Despite F05035 and F03031 having higher yields (20.8 kg 

plot-1 each), they were subject to higher amounts of variability and were therefore 

slightly less predictable (Figure 5.1). WV5475-1 also had good performance and high 

levels of stability (as shown by low PC2) and a higher than average yield (18.3 kg plot-1). 

 

Total tuber number 

An important, and related, aspect of yield is the tuber number. All G, E and GEI 

effects were found significant for tuber number (Table B.9). Of all environmental effects, 

the location and location x genotype interaction were the most important. Tuber 

number and yield are correlated with each other, so it is not a surprise to find the 

location to be one of the largest sources of variation.
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Figure 5.1: GGE biplot for total yield in Ontario trial. Locations include Simcoe 2009 (S09), 

Elora 2009 (E09), Alliston 2009 (A09), Simcoe 2010 (S10), Elora 2010 (E10) and Alliston 

2010 (A10). Genotypes include CV96044-3 (Cv), FV12272-3 (Fv), WV5475-1 (Wv), F03031 

(F31), F05035 (F35), F04037 (F37), F05081 (F81), F05090 (F90), Atlantic (Atl), Goldrush 

(Gr), Norland (Nor) and Russet Burbank (Rb). 
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Alliston had the highest tuber number (199) of all locations (p<0.0001), followed 

by Elora (117) and then Simcoe (96) (Tables 5.1 and 5.2), reinforcing the positive 

relationship between yield and tuber number (r=0.776, p<0.0001) (Table 5.3). Although 

Simcoe had significantly lower yields than Elora, their 2010 field seasons did not differ in 

the tuber number (121 each). This was an indication of the size differences in their 

tubers produced, which were reflected when analyzing tuber size grades. Biplot analysis 

also split environments into groups based on their respective field seasons (Figure 5.2). 

No specific genotype stood out as a prominent genotype for tuber production. 

The genotype with the highest tuber number (F03031 with 201) also had the highest 

amount of instability (Figure 5.2). All the commercial varieties produced average or 

below average numbers of tubers, indicating the need for commercialization of new 

cultivars with higher outputs. Tuber number varied significantly across the six 

environments, especially when comparing Simcoe and Alliston (2009: 71 vs. 187; 2010: 

121 vs. 210). For all genotypes, Simcoe 2009 represented a year of poor growth and low 

tuber number (71). All genotypes performed roughly the same, with the exceptions of 

F03031, F05035 and CV96044-3 (201, 170 and 182, respectively). Although there is a 

high amount of instability (Figure 5.2), these genotypes consistently outperformed other 

genotypes in all environments. High tuber number and yield for these genotypes also 

highlights the significant correlation between yield and tuber number (r=0.776, 

p<0.0001) (Table 5.3). 
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Figure 5.2: GGE biplot for total tuber number in Ontario trial. Locations include Simcoe 

2009 (S09), Elora 2009 (E09), Alliston 2009 (A09), Simcoe 2010 (S10), Elora 2010 (E10) 

and Alliston 2010 (A10). Genotypes include CV96044-3 (Cv), FV12272-3 (Fv), WV5475-1 

(Wv), F03031 (F31), F05035 (F35), F04037 (F37), F05081 (F81), F05090 (F90), Atlantic 

(Atl), Goldrush (Gr), Norland (Nor) and Russet Burbank (Rb). 
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Canada #1 large tubers 

The #1 large size tubers are generally oversized potatoes and too large for the 

fresh market or processing. There are processing uses for these potatoes, for example 

instant mashed potatoes or hash brown type foods, but they are not in high demand.  

For the Canada #1 large size tubers, all effects, aside from the year, were shown 

to be significant (Table B.10). The genotype was the major driving force for differences 

in #1 large tuber production. The biplot (Figure 5.3) showed consistency in Elora 

environments but not Simcoe and Alliston. Biplot analysis also separated S10 and A10 

(Simcoe and Alliston 2010) from the other environments. 

Having a substantial proportion of potatoes in this size category is not a good 

characteristic. In these environments, F04037 produced the most #1 large tubers 

(8.92%), and this may not be beneficial for a fresh market potato. The potato genotypes 

clustered in the bottom left quadrant of the biplot – such as F05035 (1.82%) – may be 

desirable as table stock potatoes (Figure 5.3). 

 

Canada #1 tubers 

Canada #1 size potatoes are an important size grade for the fresh market. It 

contains the most desirable size of potatoes for consumers in baking and boiling and for 

processors in the French fry and potato chip industry. 

The Canada #1 size potatoes showed significant sources of variation in the 

genotype, location, location x year and location x genotype (Table B.11). There was a 

strong location x genotype interaction effect for the #1 size grade largely because of the 
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Figure 5.3: GGE biplot for Canada #1 large size potatoes in Ontario trial. Locations 

include Simcoe 2009 (S09), Elora 2009 (E09), Alliston 2009 (A09), Simcoe 2010 (S10), 

Elora 2010 (E10) and Alliston 2010 (A10). Genotypes include CV96044-3 (Cv), FV12272-3 

(Fv), WV5475-1 (Wv), F03031 (F31), F05035 (F35), F04037 (F37), F05081 (F81), F05090 

(F90), Atlantic (Atl), Goldrush (Gr), Norland (Nor) and Russet Burbank (Rb). 
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differential response of Alliston in the alternating field seasons. Despite biplot analysis 

grouping all environments into the same mega-environment (Figure 5.4), Simcoe was 

different from Elora, and Alliston was inconsistent across years. 

F05090 consistently had no Canada #1 tubers (with the exception of Alliston 

2009 with 4.23%) (Tables 5.1 and 5.2). Of the four commercial genotypes, Russet 

Burbank was below average in every environment (30.27%) because it produced more 

Canada #1 small tubers (see next section below). Other genotypes that had low 

production of Canada #1 tubers were CV96044-3 and FV12272-3 (21.28% and 15.98%, 

respectively). Although F04037 produced a high amount of #1 large tubers, it also was 

the highest producer of #1s (73.33%) (Figure 5.4), the grade of potato tuber that is 

commonly used, fresh and processed. F05035 is also a promising genotype – with above 

average production of #1s and an average amount of #1 large tubers (54.46%). 

 

Canada #1 small tubers 

Like the Canada #1 large tubers, all but the year effect were significant (Table 

B.12). The principal contributor was the genotype, with a range from zero to 55% 

(Tables 5.1 and 5.2). 

The Canada #1 small size tubers showed a significant difference between the 

Simcoe and the other environments (p=0.0002). Despite the vectors for Elora nearly 

overlapping on the biplot (Figure 5.5), there was a wide range of tuber production from 

the genotypes that resulted in a significant difference between the two environments 

(36.45% vs. 29.47%, p=0.0010) (Tables 5.1 and 5.2). Overall, Alliston had the highest 
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Figure 5.4: GGE biplot for Canada #1 size potatoes in Ontario trial. Locations include 

Simcoe 2009 (S09), Elora 2009 (E09), Alliston 2009 (A09), Simcoe 2010 (S10), Elora 2010 

(E10) and Alliston 2010 (A10). Genotypes include CV96044-3 (Cv), FV12272-3 (Fv), 

WV5475-1 (Wv), F03031 (F31), F05035 (F35), F04037 (F37), F05081 (F81), F05090 (F90), 

Atlantic (Atl), Goldrush (Gr), Norland (Nor) and Russet Burbank (Rb). 
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Figure 5.5: GGE biplot for Canada #1 small size potatoes in Ontario trial. Locations 

include Simcoe 2009 (S09), Elora 2009 (E09), Alliston 2009 (A09), Simcoe 2010 (S10), 

Elora 2010 (E10) and Alliston 2010 (A10). Genotypes include CV96044-3 (Cv), FV12272-3 

(Fv), WV5475-1 (Wv), F03031 (F31), F05035 (F35), F04037 (F37), F05081 (F81), F05090 

(F90), Atlantic (Atl), Goldrush (Gr), Norland (Nor) and Russet Burbank (Rb). 
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production of #1 small tubers. However, the extreme amount of variability at this 

location (especially in 2009) was undesirable. 

Canada #1 small tubers are suitable for fresh market and processing. Commonly, 

they are packaged and sold as little “nugget” potatoes, but they are also used to make 

potato chips. The biplot showed that although F04037 had a large amount of #1 tubers, 

it actually had one of the lowest percentages of #1 small tubers (14.63%). The 

genotypes with the highest proportions of Canada #1 small tubers were WV5475-1 

(47.27%), FV12272-3 (47.74%) and CV96044-3 (45.61%). FV12272-3 and CV96044-3 had 

high stability, making them excellent candidates for further investigation. The instability 

in WV5475-1 made it less attractive of a genotype. Despite this, these genotypes would 

not be suitable for all potato production because of their low production of #1 tubers. 

 

Cull tubers 

All G, E and GEI effects were significant (Table B.13). The cull size potatoes 

showed a similar pattern between the 2009 and 2010 field seasons (Figure 5.6). Each 

location produced a nearly identical percentage of cull size tubers in both field seasons. 

Despite this statistic, Simcoe consistently produced significantly higher actual amounts 

of cull tubers than Elora and Alliston (p<0.0001), a negative quality aspect. 

The biplot mapped the genotypes according to their trait performance and 

overall stability (Yan and Kang, 2003). F05090 was placed on the very right hand side 

with virtually no stability issues (Figure 5.6), while all remaining genotypes were on the 

opposite end because F05090 consistently produced nearly all of its tubers as culls. 
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Figure 5.6: GGE biplot for cull size potatoes in Ontario trial. Locations include Simcoe 

2009 (S09), Elora 2009 (E09), Alliston 2009 (A09), Simcoe 2010 (S10), Elora 2010 (E10) 

and Alliston 2010 (A10). Genotypes include CV96044-3 (Cv), FV12272-3 (Fv), WV5475-1 

(Wv), F03031 (F31), F05035 (F35), F04037 (F37), F05081 (F81), F05090 (F90), Atlantic 

(Atl), Goldrush (Gr), Norland (Nor) and Russet Burbank (Rb). 
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Cull size potatoes are unwanted. They are too small for the fresh market and 

have little value for the processed industry. The genotype F05090 was highly 

undesirable because nearly all of its production was cull sized tubers (87.29%). F04037 

has the lowest amount of cull tuber production (5.39%) with a moderate amount of 

variability, a highly desirable trait. 

 

Spearman’s correlations between yield, tuber number and tuber size grades 

found significant relationships between most traits (Table 5.3). In all the test 

environments, high total yields were matched with high total tuber numbers (r=0.776, 

p<0.0001), indicating the ability to use tuber number as an indicator of yield. The high 

yields typically meant large tuber size, resulting in numerous Canada #1 (r=0.339, 

p<0.0001) and Canada #1 large (r=0.474, p<0.0001) tubers but few Canada #1 small (r=-

0.217, p=0.0002) and cull (r=-0.414, p<0.0001) tubers. Although there were 

relationships between yield and tuber sizes, they were not seen between tuber number 

and tuber sizes. 

The four commercial genotypes had average amounts of all tested yield 

components (yield, tuber number, four tuber size grades) (Figures 5.1 to 5.6). Russet 

Burbank, used in the fresh market and in processing, consistently fell below average for 

yield, tuber number and Canada #1, indicating the potential to breed for new genotypes 

with better agronomics compared to Russet Burbank. Atlantic, Goldrush and Norland do 

not fare much better in terms of yield, although they have more suitable proportions of 

Canada #1 and Canada #1 small tubers for fresh and processed industries.  
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Table 5.3: Spearman correlation coefficients for Ontario trial yield components where 
N=284 and prob > |r|under Ho: Rho = 0. 

 Total yield Tuber 
number 

#1 Large #1 #1 Small Cull 

Total yield r=1.00 r=0.776 
p<0.0001 

r=0.339 
p<0.0001 

r=0.474 
0<0.0001 

r=-0.217 
p=0.0002 

r=-0.414 
p<0.0001 
 

Tuber 
number 

 r=1.00 r=0.0356 
p=0.5507 

r=0.061 
p=0.3082 

r=-0.057 
p=0.3359 

r=0.058 
p=0.3317 
 

#1 Large   r=1.00 r=0.439 
p<0.0001 

r=-0.352 
p<0.0001 

r=-0.520 
p<0.0001 
 

#1    r=1.00 r=-0.449 
p<0.0001 

r=-0.888 
p<0.0001 
 

#1 Small     r=1.00 r=0.379 
p<0.0001 
 

Cull      r=1.00 
 

 

Although G, E and GEI were all highly significant throughout tuber size grades, 

ultimately the production of tubers was largely controlled by individual plant genotypes 

(Tables B.10 to B.13). This result denotes the ability to breed for specific profiles of 

tuber size production. Although environmental effects are significant, they are 

seemingly impossible to remove due to the link between starch production and plant 

growth, which will be discussed in the discussion portion of this chapter. 
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National Trial 

Total yield 

The national trial had more complex data analysis due to the incomplete 

replication of all varieties across locations and years (Tables 5.4 and 5.5). Statistical 

analysis of the yield data indicated G, E and GEI effects were present (Table B.22).  

Significant G, E and GEI were found (Table B.22). In environmental effects, the 

yield and location x year interaction contributed similar amounts of variation as the 

location x genotype GEI. The genotype was the largest contributor to variance. The 

biplot showed distinct differences between field seasons (Figure 5.7). Analysis in biplot 

showed no mega-environments. 

The most desirable genotype in the national trial was F05064 (29.8 kg plot-1). 

Although WV5475-1 yielded higher (33.2 kg plot-1), it was unreliable in its production, 

whereas F05064 had a smaller PC2 (Figure 5.7). V1102-1 was also another possible 

candidate. Like the Ontario trial, F05090 was one of the worst performers again (16.0 kg 

plot-1). Surprisingly, Russet Burbank – a commercially available potato – had the lowest 

yield production (15.1 kg plot-1). Many of the genotypes clustered near the origin of the 

biplot, but WV5475-1 contributed to the significant genotype effect (Table B.22).  

 

Total tuber number 

The total tuber number and weight of each size grade were calculated and 

standardized to a single plot (5.0 m2). The tuber number and size grades were not 

available from all locations in 2009 and 2010 so the analysis was performed on a  
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Table 5.4: Least square means of yield components from the 2009 national trial locations. 

Genotype Total yield 
(kg) 

Tuber 
number 

Canada Size Grades (% total yield) 

#1 Large #1 #1 Small Cull 

Carberry 2009 

V1062-1 20.3c* 163abc 1.33a 77.78a 20.99a 0.00a 
V1255-3 29.3bc 209a 1.09a 83.21a 15.70ab 0.00a 
WV5475-1 40.9a 205ab 7.43a 85.60a 6.89bc 0.00a 
F05013 24.2c 154cd 5.45a 89.38a 5.00bc 0.00a 
F05026 24.7bc 127cd 5.34a 91.42a 2.55c 0.65a 
F05032 22.3c 120cd 9.24a 85.74a 5.07bc 0.00a 
F05051 24.5bc 112d 11.22a 85.18a 3.71bc 0.00a 
F05064 33.5ab 159bcd 9.58a 85.57a 4.78bc 0.00a 
Mean 27.46 156 6.34 85.49 8.09 0.08 

Winkler 2009 

V1062-1 17.5bc 122bc 2.86a 78.74b 15.60a 2.86a 
V1255-3 21.6abc 148abc 5.79a 78.00b 15.97a 0.00a 
WV5475-1 30.3ab 145abc 8.75a 85.97ab 5.28a 0.00a 
F05013 24.0abc 212ab 0.00a 85.08ab 14.96a 0.00a 
F05026 11.6c 85c 5.95a 86.21ab 7.33a 0.00a 
F05032 15.4c 109c 3.44a 87.14ab 9.61a 0.00a 
F05051 19.5abc 164abc 0.00a 85.74ab 13.90a 0.00a 
F05064 33.2a 222a 0.00a 89.79a 10.21a 0.00a 
Mean 21.64 151 3.35 84.58 11.61 0.36 

Elora 2009 

V1062-1 19.6f -.1 2.65c 56.12e 32.09a 10.20b 
V1255-3 22.0c - 0.00f 51.50f 29.86b 18.82a 
WV5475-1 29.0a - 2.31e 72.07a 19.21c 6.41c 
F05051 21.7d - 5.35b 67.74c 15.02d 0.00e 
F05064 23.2b - 2.28d 67.16d 12.72f 0.00f 
Norland 20.5e - 10.24a 71.56b 12.54e 0.00d 
Mean 22.67 - 3.81 64.58 20.24 5.91 

Fredericton 2009 

WV5475-1 29.9a - 0.00a 74.55a 9.87b 7.79ab 
F05013 26.8ab - 0.00a 54.63a 15.67b 14.78ab 
F05026 26.9ab - 2.08a 68.40a 5.50b 11.90ab 
F03031 - - - - - - 
F05032 21.0ab - 1.90a 75.90a 6.19b 7.95ab 
F05035 - - - - - - 
F05051 23.4ab - 0.00a 61.67a 15.81b 0.00b 
F05064 26.3ab - 0.00a 65.17a 33.35a 0.00b 
F05090 - - - - - - 
Atlantic - - - - - - 
Norland 21.6ab - 0.00a 81.20a 10.74b 0.00b 
Russet Burbank 18.4b - 0.98a 68.10a 5.65b 23.48a 
Mean 24.29 - 0.62 68.70 12.85 8.24 

*Means with the same letters within a column and location are not significantly different at p=0.05 based 
on a Tukey’s test. 
1 

Dashes indicate no recorded data 
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Table 5.5: Least square means of yield components from the 2010 national trial locations. 

Genotype Total yield 
(kg) 

Tuber 
number 

Canada Size Grades (% total yield) 

#1 Large #1 #1 Small Cull 

Carberry 2010 

CV96044-3 25.4bc* -.1 - - - - 
FV12272-3 33.6abc - - - - - 
V1062-1 35.2abc - - - - - 
V1102-1 38.1ab - - - - - 
V1255-3 35.8abc - - - - - 
V3252-1 27.7abc - - - - - 
WV5475-1 38.7ab - - - - - 
F05013 38.1ab - - - - - 
F05026 27.9abc - - - - - 
F03031 33.6abc - - - - - 
F05032 34.7abc - - - - - 
F05035 18.6c - - - - - 
F05051 33.0abc - - - - - 
F05064 45.0a - - - - - 
F05090 19.6bc - - - - - 
Atlantic 34.6abc - - - - - 
Russet Burbank 21.4bc - - - - - 
Mean 29.76 - - - - - 

Winkler 2010 

CV96044-3 28.2ab - - - - - 
FV12272-3 30.8ab - - - - - 
V1062-1 29.9ab - - - - - 
V1102-1 40.5a - - - - - 
V1255-3 33.3ab - - - - - 
V3252-1 24.0ab - - - - - 
WV5475-1 39.2a - - - - - 
F05013 29.6ab - - - - - 
F05026 30.6ab - - - - - 
F03031 35.2ab - - - - - 
F05032 34.0ab - - - - - 
F05035 32.5ab - - - - - 
F05051 32.6ab - - - - - 
F05064 41.7a - - - - - 
F05090 20.3ab - - - - - 
Atlantic 37.7a - - - - - 
Russet Burbank 14.0b - - - - - 
Mean 31.42 - - - - - 

 
 
 
 
 
 



130 
 

Table cont’d 

Genotype Total 
yield (kg) 

Tuber 
number 

Canada Size Grades (% total yield) 

#1 Large #1 #1 Small Cull 

Elora 2010 

F05013 17.8a 152ab 1.80ab 58.48a 29.83a 9.77a 
F05026 11.2a 116bcd 0.00b 36.61a 44.20a 17.41a 
F03031 20.8a 197a 4.90ab 37.60a 36.44a 18.99a 
F05032 17.6a 114bcd 5.97ab 74.72a 14.77a 3.98a 
F05035 23.0a 155ab 1.70ab 70.26a 22.09a 6.04a 
F05051 11.4a 143abc 0.00b 60.53a 27.81a 10.61a 
F05064 14.8a 174ab 1.35b 43.24a 36.82a 17.91a 
F05090 15.3a 114bcd 3.46ab 45.75a 22.75a 27.78a 
Atlantic 12.0a 66d 9.92a 76.58a 9.92a 18.33a 
Norland 13.7a 110bcd 1.97ab 41.61a 40.73a 9.78a 
Russet Burbank 10.1a 76cd 0.00b 20.30a 50.00a 28.71a 
Mean 15.25 129 2.82 51.43 30.49 14.49 

Fredericton 2010 

CV96044-3 13.5cde 170ab 0.00a 43.70ef 52.59abc 3.33b 
FV12272-3 14.5cde 190ab 0.00a 69.67abcdef 45.31abcd 6.48ab 
V1062-1 19.7bcde 106ab 0.00a 85.23ab 15.72cd 1.47b 
V1102-1 35.1a 180ab 0.00a 87.52a 5.93d 3.48b 
V1255-3 26.6ab 151ab 0.00a 82.26abc 11.09cd 6.47ab 
V3252-1 12.6de 143ab 0.00a 43.89fg 53.57abc 2.62b 
WV5475-1 24.7abc 98b 0.00a 77.85abcd 5.67d 16.28a 
F05013 16.0bcde 271a 0.00a 14.69g 79.69a 5.38ab 
F05026 12.8de 139ab 0.00a 51.56def 46.95abcd 1.02b 
F03031 15.3cde 164ab 0.00a 58.63bcdef 39.28abcd 2.29b 
F05032 15.6bcde 130ab 0.00a 70.83abcde 28.65bcd 0.51b 
F05035 17.1bcde 149ab 0.00a 69.42abcde 29.30bcd 1.23b 
F05051 14.2cde 141ab 0.00a 61.83abcdef 37.04abcd 1.27b 
F05064 20.4bcd 145ab 0.00a 54.56cdef 43.73abcd 1.72b 
F05090 8.6e 120ab 0.00a 13.84f 73.60ab 12.33ab 
Atlantic 14.7cde 137ab 0.00a 59.86bcdef 39.46abcd 0.54b 
Norland 18.4bcde 145ab 0.00a 71.47abcde 22.83cd 5.71ab 
Russet Burbank 11.5de 76b 0.00a 73.13abcde 15.57cd 11.22ab 
Mean 17.29 148 0.00 60.55 35.89 4.63 

*Means with the same letters within a column and location are not significantly different at p=0.05 based 
on a Tukey’s test. 
1 

Dashes indicate no recorded data 
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Figure 5.7: GGE biplot for total yield in national trial. Locations include Carberry 2009 

(C09), Winkler 2009 (W09), Elora 2009 (E09), Fredericton 2009 (F09), Carberry 2010 

(C10), Winkler 2010 (W10, Elora 2010 (E10) and Fredericton 2010 (F10). Genotypes 

include CV96044-3 (Cv), FV12272-3 (Fv), V1062-1 (V10), V1102-1 (V11), V1255-3 (V12), 

V3252-1 (V32), WV5475-1 (Wv), F05013 (F13), F05026 (F26), F03031 (F31), F05032 (F32), 

F05035 (F35), F05051 (F51), F05064 (F64), F05090 (F90), Atlantic (Atl), Norland (Nor) 

and Russet Burbank (Rb). 
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reduced data set. E effects were separated into location effects and GxE effects denote 

location x genotype effects (Table B.23). Environmental effects were not significant but 

significant genotype and location x genotype interaction effects were found. 

The biplot (Figure 5.8) showed the genotypes widely distributed throughout, 

suggesting that tuber number was highly dependent on the genotype. No mega-

environments were found due to the unique attributes of C09 and F10. 

 Russet Burbank not only had the lowest yield as previously noted, but also 

produced the lowest number of tubers (76). F05013 had a moderate yield production, 

and by far the highest tuber number (197). 

 

Canada #1 large tubers 

The ANOVA showed significant environment and location x genotype interaction 

effects (Table B.24). The effect of location contributed the largest amount of variation. 

This is exemplified in the biplot (Figure 5.9), with large differences in vector angles. 

The number of Canada #1 large size potatoes was significantly different between 

2009 and 2010 (3.52% vs. 1.41%, p=0.0003). In 2009, Carberry had the highest amount 

of Canada #1’s (6.34%), followed by Elora (3.81%) (p=0.0077). Biplot analysis highlighted 

the location and location x year effects (Figure 5.9), reinforcing the significant effects 

found in the ANOVA (Table B.24). 

Because the #1 large tubers do not have a particularly strong niche in the 

marketplace, a below average production of these is optimal. F03031, F05032 and 

F05064 produced lower proportions of this undesirable size category (2.45%, 4.11% and 
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Figure 5.8: GGE biplot for total tuber number in national trial. Locations include Carberry 

2009 (C09), Winkler 2009 (W09), Elora 2010 (E10) and Fredericton 2010 (F10). 

Genotypes include CV96044-3 (Cv), FV12272-3 (Fv), V1062-1 (V10), V1102-1 (V11), 

V1255-3 (V12), V3252-1 (V32), WV5475-1 (Wv), F05013 (F13), F05026 (F26), F03031 

(F31), F05032 (F32), F05035 (F35), F05051 (F51), F05064 (F64), F05090 (F90), Atlantic 

(Atl), Norland (Nor) and Russet Burbank (Rb). 
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Figure 5.9: GGE biplot for Canada #1 large size potatoes in national trial. Locations 

include Carberry 2009 (C09), Winkler 2009 (W09), Elora 2009 (E09), Fredericton 2009 

(F09), Elora 2010 (E10) and Fredericton 2010 (F10). Genotypes include CV96044-3 (Cv), 

FV12272-3 (Fv), V1062-1 (V10), V1102-1 (V11), V1255-3 (V12), V3252-1 (V32), WV5475-

1 (Wv), F05013 (F13), F05026 (F26), F03031 (F31), F05032 (F32), F05035 (F35), F05051 

(F51), F05064 (F64), F05090 (F90), Atlantic (Atl), Norland (Nor) and Russet Burbank (Rb). 
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2.64%, respectively) (Figure 5.9). They also produce even lower amounts than Atlantic, a 

commercial potato already available in the market. This is especially encouraging for 

F05064, which was already seen as the best yielding genotype (Figure 5.7). 

 

Canada #1 tubers 

For Canada #1 size potatoes, significant G, E and GEI effects were found (Table 

B.25). The location effect contributed about three times more variation than the year 

effect. A similar pattern was seen in the GxE effects, where the location x genotype year 

effect had three times greater variation than the year x genotype effect. 

C09 and W09 were the highest yielding environments (85.49% and 84.58%, 

p<0.0001) (Table 5.4). The significant genotypic variance highlighted in the ANOVA table 

was shown through the large scattering of genotypes across the biplot (Figure 5.10). 

There were several genotypes clustered around the origin of the biplot, but also many 

genotypes with low stability for Canada #1 grades (V1062-1 and V1255-3). V1255-3 also 

produced a high number of Canada #1 large tubers (Figure 5.9).  

The #1 size tubers are important in the potato industry, so a genotype that 

produces many of these is highly sought. F05064 has been found above average in all 

yield components examined thus far, including of #1 tubers (67.58%), but it is not 

particularly stable for this trait (range: 43.24% to 89.79%) (Figure 5.10). V1102-1 

produced a higher amount of #1 size tubers (87.52%) but its stability could not be 

determined because only one data was point available. 
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Figure 5.10: GGE biplot for Canada #1 size potatoes in national trial. Locations include 

Carberry 2009 (C09), Winkler 2009 (W09), Elora 2009 (E09), Fredericton 2009 (F09), 

Elora 2010 (E10) and Fredericton 2010 (F10). Genotypes include CV96044-3 (Cv), 

FV12272-3 (Fv), V1062-1 (V10), V1102-1 (V11), V1255-3 (V12), V3252-1 (V32), WV5475-

1 (Wv), F05013 (F13), F05026 (F26), F03031 (F31), F05032 (F32), F05035 (F35), F05051 

(F51), F05064 (F64), F05090 (F90), Atlantic (Atl), Norland (Nor) and Russet Burbank (Rb). 
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Canada #1 small tubers 

Significant G, E and GEI effects were found in #1 small tubers (Table B.26). The 

year was a larger factor than the location effect and the location x genotype was more 

important than the year x genotype effect.  

Biplot analysis shows the large differences in field seasons (Figure 5.11). The 

2009 locations were clustered together in the bottom right quadrant, but the 2010 

locations have very large angles from each other. The 2009 and 2010 field seasons were 

significantly different in production rates (13.20% vs. 33.19%, p<0.0001).  

V1102-1 had a high amount of #1 tubers but a low amount of #1 small tubers 

(5.93%) (Figure 5.11). F05064 had above average #1 small tubers (23.60%), but there are 

high amounts of instability (range: 4.78% to 43.73%). 

 

Cull tubers 

The cull size grade was influenced by the potato genotype and the location they 

were grown (Table B.27). The biplot (Figure 5.12) also shows an extensive distribution of 

genotypes that exemplifies the genotypic effect seen in the ANOVA.  

Cull tubers are typically too small for any part of the industry and are an 

unwanted size product. F05064 and V1102-1 demonstrated good yielding levels, had 

low production of cull size tubers (3.27% and 3.48%) (Figure 5.12). F05090 had the 

highest proportion of cull tubers (20.01%). 
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Figure 5.11: GGE biplot for Canada #1 small size potatoes in national trial. Locations 

include Carberry 2009 (C09), Winkler 2009 (W09), Elora 2009 (E09), Fredericton 2009 

(F09), Elora 2010 (E10) and Fredericton 2010 (F10). Genotypes include CV96044-3 (Cv), 

FV12272-3 (Fv), V1062-1 (V10), V1102-1 (V11), V1255-3 (V12), V3252-1 (V32), WV5475-

1 (Wv), F05013 (F13), F05026 (F26), F03031 (F31), F05032 (F32), F05035 (F35), F05051 

(F51), F05064 (F64), F05090 (F90), Atlantic (Atl), Norland (Nor) and Russet Burbank (Rb). 
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Figure 5.12: GGE biplot for cull size potatoes in national trial. Locations include Carberry 

2009 (C09), Winkler 2009 (W09), Elora 2009 (E09), Fredericton 2009 (F09), Elora 2010 

(E10) and Fredericton 2010 (F10). Genotypes include CV96044-3 (Cv), FV12272-3 (Fv), 

V1062-1 (V10), V1102-1 (V11), V1255-3 (V12), V3252-1 (V32), WV5475-1 (Wv), F05013 

(F13), F05026 (F26), F03031 (F31), F05032 (F32), F05035 (F35), F05051 (F51), F05064 

(F64), F05090 (F90), Atlantic (Atl), Norland (Nor) and Russet Burbank (Rb). 
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A similar pattern of relationships between yield, tuber number and tuber sizes 

seen in the Ontario trial was repeated in the national trial (Table 5.6). Spearman’s 

correlations between yield and tuber number (r=0.465, p<0.0001), #1 large (r=0.289, 

p=0.002), #1 (r=0.519, p<0.0001), #1 small (r=-0.542, p<0.0001) and cull (r=-0.345, 

p=0.0002) tubers were significant. Similar to the Ontario trial, tuber number was not 

correlated with tuber sizes. 

Significant GxE effects were found for nearly all yield and yield components in 

the national trial (Tables B.22 to B.27). For all traits except cull size tubers, the 

interaction between the locations and genotypes was highly significant. The cull size 

tuber were relatively stable, only influenced by the genotype itself and the planting 

location. Genotypes such as F05064 and V1102-1 were found promising for high yielding 

production.  
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Table 5.6: Spearman correlation coefficients for national trial yield components where 
prob > |r|under Ho: Rho = 0. 

 Total yield Tuber 
number 

#1 Large #1 #1 Small Cull 

Total yield r=1.00 r=0.465 
p<0.0001 

r=0.289 
p=0.0020 

r=0.519 
0<0.0001 

r=-0.542 
p<0.0001 

r=-0.345 
p=0.0002 
 

Tuber 
number 

 r=1.00 r==0.105 
p=0.3236 

r=0.066 
p=0.5385 

r=0.127 
p=0.2339 

r==0.177 
p=0.0948 
 

#1 Large   r=1.00 r=0.253 
p=0.0071 

r=-0.398 
p<0.0001 

r=-0.238 
p=0.0116 
 

#1    r=1.00 r=-0.787 
p<0.0001 

r=-0.647 
p<0.0001 
 

#1 Small     r=1.00 r=0.330 
p=0.0004 
 

Cull      r=1.00 
 

 

5.3.2 Culinary qualities 

Select genotypes were chosen in 2009 to be tested for their culinary qualities. 

These genotypes were repeated again in the 2010 field season and data were analyzed. 

Boiling and baking taste tests were conducted on these genotypes, with the results for 

the Ontario trial reported in Tables 5.7 and 5.8. The national trial results are in Tables 

5.10 and 5.11. 

  



142 
 

Table 5.7: Least square means of culinary components and total solid content from the 2009 
Ontario trial locations. 

Genotype Boil score (%) Bake score (%) Dry Matter Specific Gravity 

Simcoe 2009 

CV96044-3 80ab* 78a 0.928a 1.086bcd 
FV12272-3 73ab 68ab 0.933a 1.107a 
WV5475-1 80ab 72a 0.930a 1.093abc 
F03031 -.1 - 0.918a 1.099abc 
F05035 82a 74a 0.925a 1.084cde 
F04037 - - 0.928a 1.095abc 
F05081 - - 0.930a 1.083cde 
F05090 58b 48b 0.931a 1.088bcd 
Atlantic 80ab 81a 0.928a 1.100ab 
Goldrush - - 0.922a 1.071e 
Norland 76ab 73a 0.923a 1.075de 
Russet Burbank - - 0.927a 1.097abc 
Mean 76 71 0.927 1.090 

Elora 2009 

CV96044-3 75a 65a 0.920a 1.085bc 
FV12272-3 70a 79a 0.917a 1.097a 
WV5475-1 72a 76a 0.910a 1.078cdef 
F03031 - - 0.916a 1.090ab 
F05035 75a 64a 0.917a 1.082cde 
F04037 - - 0.918a 1.072f 
F05081 - - 0.904a 1.077cdef 
F05090 77a 58a 0.917a 1.082cde 
Atlantic 70a 65a 0.917a 1.097a 
Goldrush - - 0.906a 1.076def 
Norland 75a 70a 0.911a 1.075ef 
Russet Burbank - - 0.913a 1.083bcd 
Mean 73 68 0.914 1.083 

Alliston 2009 

CV96044-3 78ab 80ab 0.914a 1.079a 
FV12272-3 61b 72ab 0.920a 1.089a 
WV5475-1 80ab 67ab 0.915a 1.080a 
F03031 - - 0.914a 1.101a 
F05035 79ab 69ab 0.925a 1.091a 
F04037 - - 0.923a 1.098a 
F05081 - - 0.924a 1.091a 
F05090 67b 43b 0.921a 1.084a 
Atlantic 96a 91a 0.921a 1.105a 
Goldrush - - 0.922a 1.075a 
Norland 63b 70ab 0.916a 1.082a 
Russet Burbank - - 0.917a 1.084a 
Mean 75 70 0.919 1.088 

*Means with the same letters within a column and location are not significantly different at p=0.05 based 
on a Tukey’s test. 
1
Dashes indicate no recorded data 
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Table 5.8: Least square means of culinary components and total solid content from the 2010 
Ontario trial locations. 

Genotype Boil score (%) Bake score (%) Dry Matter Specific Gravity 

Simcoe 2010 

CV96044-3 82a* 60a 0.934ab 1.085abc 
FV12272-3 84a 76a 0.937ab 1.090ab 
WV5475-1 80a 64a 0.902c 1.066e 
F03031 -1 - 0.934ab 1.080bcd 
F05035 86a 73a 0.932ab 1.071de 
F04037 - - 0.929ab 1.062e 
F05081 - - 0.933ab 1.071de 
F05090 64a 62a 0.944a 1.077cd 
Atlantic 81a 64a 0.937ab 1.093a 
Goldrush - - 0.918bc 1.063e 
Norland 77a 68a 0.928ab 1.061e 
Russet Burbank - - 0.927ab 1.077cd 
Mean 79 67 0.930 1.075 

Elora 2010 

CV96044-3 80a 78a 0.920b 1.095a 
FV12272-3 84a 87a 0.927ab 1.093a 
WV5475-1 82a 77a 0.923ab 1.078a 
F03031 - - 0.925ab 1.096a 
F05035 85a 77a 0.926ab 1.083a 
F04037 - - 0.925ab 1.078a 
F05081 - - 0.929ab 1.085a 
F05090 57a 62a 0.931a 1.100a 
Atlantic 85a 85a 0.927ab 1.098a 
Goldrush - - 0.923ab 1.083a 
Norland 79a 70a 0.927ab 1.045a 
Russet Burbank - - 0.924ab 1.095a 
Mean 79 65 0.926 1.073 

Alliston 2010 

CV96044-3 69a 70a 0.925ab 1.082a 
FV12272-3 74a 69a 0.911abc 1.071a 
WV5475-1 81a 68a 0.909abc 1.068a 
F03031 - - 0.914abc 1.053a 
F05035 74a 63a 0.911abc 1.061a 
F04037 - - 0.925ab 1.089a 
F05081 - - 0.917abc 1.072a 
F05090 52a 57a 0.931a 1.098a 
Atlantic 85a 75a 0.927ab 1.076a 
Goldrush - - 0.878c 1.050a 
Norland 69a 52a 0.904abc 1.050a 
Russet Burbank - - 0.890bc 1.081a 
Mean 72 65 0.912 1.071 

*Means with the same letters within a column and location are not significantly different at p=0.05 based 
on a Tukey’s test. 
1
Dashes indicate no recorded data 
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Ontario Trial 

Boil score 

The boil scores had significant genotype and year x genotype interaction effects 

(Table B.14). The biplot (Figure 5.13) showed a large distribution of 2009 locations but a 

clustering of 2010 locations and a vast spread of genotypes across the plot. No mega-

environments were found. 

Atlantic was unique because it displayed moderate boil scores (83%) and a low 

level of stability (Figure 5.13). In 2009, it exhibited unstable behaviour, performing best 

in Alliston (96%), moderately in Simcoe (80%) and poorest in Elora (70%). In 2010, it 

averaged a higher boil score (84%), and also was much more stable throughout (81 to 

85%). Its high amount of instability was also showcased in the biplot (Figure 5.13). 

WV5475-1 and F05035 had scores only slightly less than that of Atlantic (79% and 80%) 

but with much higher stability, making them top performers for boiling. F05090 was 

found to be consistently the poorest performer in all environments (63%). 

 

Bake score 

Significant genotype and location x year effects were found (Table B.15). Like the 

boil scores, the genotypes were spread across the biplot (Figure 5.14). Location x year 

interaction effects stem arose from the change in order of the locations from 2009 to 

2010.  

F05090 was again found to be consistently the poorest performer in nearly all 

environments (55%) (Figure 5.14). Atlantic exhibited the same trend for bake scores as it  
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Figure 5.13: GGE biplot for boil scores in Ontario trial. Locations include Simcoe 2009 

(S09), Elora 2009 (E09), Alliston 2009 (A09), Simcoe 2010 (S10), Elora 2010 (E10) and 

Alliston 2010 (A10). Genotypes include CV96044-3 (Cv), FV12272-3 (Fv), WV5475-1 (Wv), 

F05035 (F35), F05090 (F90), Atlantic (Atl) and Norland (Nor). 
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Figure 5.14: GGE biplot for bake scores in Ontario trial. Locations include Simcoe 2009 

(S09), Elora 2009 (E09), Alliston 2009 (A09), Simcoe 2010 (S10), Elora 2010 (E10) and 

Alliston 2010 (A10). Genotypes include CV96044-3 (Cv), FV12272-3 (Fv), WV5475-1 (Wv), 

F05035 (F35), F05090 (F90), Atlantic (Atl) and Norland (Nor). 

  



147 
 

did for boil scores, with unstable performance in 2009 (65 to 91%) but the best average 

performance (77%). Performance of the other genotypes was similar for the boil and 

bake scores. CV96044-3 was less stable for its baking score, suggesting it be less suitable 

in a baking market. On average, Atlantic was the best performer for the two culinary 

tests but was unstable. F05090 had the poorest scores in the same tests. 

 

Boiling and baking are two aspects of fresh potato quality that share some 

quality characteristics, demonstrated by their correlation (r=0.423, p<0.0001) (Table 5.9). 

Their quality characteristics are similar but do not completely overlap, resulting in a 

correlation score of less than 0.5. This was seen in the Ontario trial, where Atlantic was 

awarded the highest boil and bake scores and F05090 the lowest. 

 

 Table 5.9: Spearman correlation coefficients for Ontario trial culinary components 
where N=84 and prob > |r|under Ho: Rho = 0. 

 Boil Bake 

Boil r=1.00 r=0.423 
p<0.0001 
 

Bake  r=1.00 
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National Trial 

Boil score 

The boil scores  (Tables 5.10 and 5.11) found significant G (location, year) and 

GxE (location x year x genotype) interaction effects (Table B.28). Contrary to the Ontario 

trial, Elora in 2009 appears to be the best location for the development of these 

genotypes for high boil scores. C09 and W09 appeared to be poor environments for the 

development of good tasting potatoes, but this improved in 2010, where boil and bake 

scores show a marked improvement. Fredericton shows a difference in the quality of 

the environment from 2009 to 2010 by the overall lower boil and bake scores of tested 

genotypes. 

The boil score biplot showed striking differences between field seasons (Figure 

5.15). The 2009 environments had lower scores than 2010, resulting in a division of 

environments on opposite sides of the biplot according to the field season. 

The biplot showed clustering of the genotypes (with the exception of WV5475-1 

and F05032) horizontally around the centre, indicating high stability (Figure 5.13). Their 

similar performances also explain why the genotypic effect was not significant (Table 

B.28). Analysis with biplot demonstrates the significant location and year effects (Figure 

5.15). Locations could not be clustered together, highlighting the differences between 

all environments. F05026, F05051, F05064 had better boil quality (76%, 76% and 75%, 

respectively), which all were comparable to Norland (73%), an established variety.  
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Table 5.10: Least square means of culinary components and total solid content from the 2009 
national trial locations. 

Genotype Boil score (%) Bake score (%) Dry Matter Specific Gravity 

Carberry 2009 

V1062-1 59a* 77a 0.917b 1.074d 
V1255-3 66a 65a 0.916b 1.074d 
WV5475-1 67a 71a 0.919ab 1.083cd 
F05013 73a 75a 0.927ab 1.097ab 
F05026 82a 74a 0.928ab 1.102a 
F05032 63a 74a 0.932a 1.086c 
F05051 -.1 - 0.922ab 1.089bc 
F05064 - - 0.917b 1.087bc 
Mean 68 73 0.922 1.087 

Winkler 2009 

V1062-1 75a 61a 0.922a 1.071a 
V1255-3 74a 75a 0.922a 1.070a 
WV5475-1 66a 71 0.924a 1.079a 
F05013 72a 77a 0.924a 1.089a 
F05026 71a 74a 0.934a 1.084a 
F05032 78a 65a 0.936a 1.072a 
F05051 - - 0.934a 1.072a 
F05064 - - 0.928a 1.072a 
Mean 73 71 0.928 1.076 

Elora 2009 

V1062-1 85b 75d 0.928b 1.072e 
V1255-3 90a 85b 0.923e 1.073d 
WV5475-1 83c 72e 0.930a 1.074c 
F05051 73d 95a 0.905f 1.064f 
F05064 70e 65d 0.923d 1.076a 
Norland 65f 76c 0.924c 1.074b 
Mean 78 78 0.922 1.061 

Fredericton 2009 

WV5475-1 74a 77a 0.933a 1.101ab 
F05013 78a 65a 0.936a 1.085bcd 
F05026 68a 60a 0.942a 1.092abc 
F03031 - - 0.921a 1.085bcd 
F05032 76a 78a 0.933a 1.091abc 
F05035 - - 0.932a 1.066d 
F05051 69a 73a 0.920a 1.077cd 
F05064 70a 59a 0.933a 1.073cd 
F05090 - - 0.937a 1.074cd 
Atlantic - - 0.933a 1.111a 
Norland - - 0.927a 1.072cd 
Russet Burbank - - 0.932a 1.085bcd 
Mean 73 69 0.932 1.084 

*Means with the same letters within a column and location are not significantly different at p=0.05 based 
on a Tukey’s test. 
1
Dashes indicate no recorded data 
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Table 5.11: Least square means of culinary components and total solid content from the 2010 
national trial locations. 

Genotype Boil score (%) Bake score (%) Dry Matter Specific Gravity 

Carberry 2010 

CV96044-3 -.1 - 0.894a 1.087gh 
FV12272-3 - - 0.897a 1.109abc 
V1062-1 76a* 81a 0.930a 1.083gh 
V1102-1 - - 0.922a 1.093efg 
V1255-3 76a 76a 0.933a 1.080h 
V3252-1 - - 0.926a 1.116a 
WV5475-1 85a 75a 0.916a 1.101cde 
F05013 70a 78a 0.910a 1.108abcd 
F05026 73a 77a 0.922a 1.104bcd 
F03031 - - 0.923a 1.098def 
F05032 71a 66a 0.924a 1.084gh 
F05035 - - 0.914a 1.078h 
F05051 - - 0.938a 1.085gh 
F05064 - - 0.952a 1.101cde 
F05090 - - 0.920a 1.088fgh 
Atlantic - - 0.931a 1.113ab 
Russet Burbank - - 0.924a 1.098def 
Mean 75 76 0.922 1.097 

Winkler 2010 

CV96044-3 - - 0.901abc 1.088bcd 
FV12272-3 - - 0.912abc 1.096abc 
V1062-1 81a 70a 0.870c 1.078d 
V1102-1 - - 0.895abc 1.081cd 
V1255-3 77a 78a 0.896abc 1.077d 
V3252-1 - - 0.927abc 1.109a 
WV5475-1 80a 73a 0.927abc 1.085bcd 
F05013 80a 67a 0.930abc 1.086bcd 
F05026 86a 69a 0.927abc 1.092abcd 
F03031 - - 0.915abc 1.088bcd 
F05032 76a 59a 0.924abc 1.085bcd 
F05035 - - 0.890bc 1.077d 
F05051 - - 0.888bc 1.082cd 
F05064 - - 0.952a 1.082cd 
F05090 - - 0.934ab 1.083cd 
Atlantic - - 0.917abc 1.099ab 
Russet Burbank - - 0.877bc 1.082cd 
Mean 80 69 0.911 1.081 
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Table cont’d 

Genotype Boil score (%) Bake score (%) Dry Matter Specific Gravity 

Elora 2010 

F05013 -.1 - 0.930a 1.050a 
F05026 - - 0.928a 1.071a 
F03031 - - 0.930a 1.060a 
F05032 - - 0.929a 1.083a 
F05035 - - 0.929a 1.049a 
F05051 85a 78a 0.946a 1.059a 
F05064 85a 76a 0.903a 1.042a 
F05090 - - 0.930a 1.040a 
Atlantic - - 0.928a 1.060a 
Norland 82a 70a 0.929a 1.053a 
Russet Burbank 80a 75a 0.927a 1.060a 
Mean 83 75 0.928 1.057 

Fredericton 2010 

CV96044-3 - - 0.954a 1.086bcde 
FV12272-3 - - 0.913ab 1.101ab 
V1062-1 - - 0.956a 1.082cde 
V1102-1 - - 0.956a 1.079de 
V1255-3 - - 0.957a 1.079de 
V3252-1 - - 0.867ab 1.108a 
WV5475-1 70a 62a 0.952a 1.083cde 
F05013 71a 63a 0.917ab 1.092abcd 
F05026 83a 67a 0.924ab 1.090bcde 
F03031 - - 0.927ab 1.079de 
F05032 77a 61a 0.950a 1.081cde 
F05035 - - 0.923ab 1.075de 
F05051 78a 65a 0.926ab 1.076de 
F05064 74a 65a 0.926ab 1.083cde 
F05090 - - 0.952a 1.084bcde 
Atlantic - - 0.860b 1.097abc 
Norland - - 0.957a 1.074e 
Russet Burbank - - 0.956a 1.081cde 
Mean 76 64 0.932 1.085 

*Means with the same letters within a column and location are not significantly different at p=0.05 based 
on a Tukey’s test. 
1
Dashes indicate no recorded data 
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Figure 5.15: GGE biplot for boil scores in national trial. Locations include Carberry 2009 

(C09), Winkler 2009 (W09), Elora 2009 (E09), Fredericton 2009 (F09), Carberry 2010 

(C10), Winkler 2010 (W10), Elora 2010 (E10) and Fredericton 2010 (F10). Genotypes 

include V1062-1 (V10), V1255-3 (V12), WV5475-1 (Wv), F05013 (F13), F05026 (F26), 

F05032 (F32), F05051 (F51), F05064 (F64), Norland (Nor) and Russet Burbank (Rb). 
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Bake score 

Bake scores found significant location effects (Table B.29). Demonstrated in the 

biplot, the environments were spread out over the biplot (Figure 5.16). Similar to the 

boil score test, environments could not be clustered together due to large 

environmental differences. 

The genotypes exhibited higher levels of instability when baked (Figure 5.16). 

F05051 and F05064 were still highly ranked (78% and 66%), but were subject to 

increased variability in their taste (range: 30% and 17%, respectively). Although V1062-1 

was the highest for bake scores (73%), it was the lowest for boil scores and thus does 

not exemplify the versatility of F05051 and F05064. F05032 remains highly variable in its 

taste (67%). 

 

There was no significant correlation with this set of genotypes between boil and 

bake scores as observed in the Ontario trial, which could be due to the incomplete 

dataset (Table 5.12). From the culinary tests of national trial potato genotypes, it 

appears F05051 and F05064 are good as boiling and baking potatoes. F05026 has good 

potential as a boiling potato but less so as a baking potato. V1062-1 was shown to be 

good as a baked potato but one of the worst for boiling. Russet Burbank had average 

scores for baking and boiling and was very stable for both. Russet Burbank is primarily 

known for its baking quality so it is exciting to find genotypes that potentially have 

better baking qualities. 
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Figure 5.16: GGE biplot for bake scores in national trial. Locations include Carberry 2009 

(C09), Winkler 2009 (W09), Elora 2009 (E09), Fredericton 2009 (F09), Carberry 2010 

(C10), Winkler 2010 (W10), Elora 2010 (E10) and Fredericton 2010 (F10). Genotypes 

include V1062-1 (V10), V1255-3 (V12), WV5475-1 (Wv), F05013 (F13), F05026 (F26), 

F05032 (F32), F05051 (F51), F05064 (F64), Norland (Nor) and Russet Burbank (Rb). 
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Table 5.12: Spearman correlation coefficients for national trial culinary components 
where N=84 and prob > |r|under Ho: Rho = 0. 

 Boil Bake 

Boil r=1.00 r=0.125 
p=0.2507 
 

Bake  r=1.00 
 

 

5.3.3 Specific gravity and dry matter content 

 SG and DM are related terms. SG is the ratio of the density of a substance 

(potato) to a reference substance (water), and DM expresses the amount of solid 

content within the potato. The DM content and SG are calculated for each genotype 

from each environment and reported in Tables 5.7, 5.8, 5.10 and 5.11. 

 

Ontario Trial 

Specific gravity 

 Genotype, year and location x year interaction effects were significant (Table 

B.16), but no GxE effects. The genotype was the greatest contributor to variation, 

illustrated in the biplot by the wide distribution of genotypes (Figure 5.17). 

The biplot (Figure 5.17) demonstrates location x year effects, by the variation in 

vector angles and their different orders in field seasons. The biplot also shows the 

consistency in the Simcoe field seasons.  

Tubers with high SG value are better for longer term storage because there is 

less water for shrinkage over time. FV12272-3 and Atlantic have high SG values (1.091 

and 1.095), making them good candidates for long term storage and starch extractions. 



156 
 

 
 
Figure 5.17: GGE biplot for specific gravity (SG) in Ontario trial. Locations include Simcoe 

2009 (S09), Elora 2009 (E09), Alliston 2009 (A09), Simcoe 2010 (S10), Elora 2010 (E10) 

and Alliston 2010 (A10). Genotypes include CV96044-3 (Cv), FV12272-3 (Fv), WV5475-1 

(Wv), F03031 (F31), F05035 (F35), F04037 (F37), F05081 (F81), F05090 (F90), Atlantic 

(Atl), Goldrush (Gr), Norland (Nor) and Russet Burbank (Rb). 
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Dry matter 

The DM content was significant for all interactions (except location x genotype) 

(Table B.17). The large spread of genotypes across the biplot highlights the genotype 

effect (Figure 5.18). In both years, Simcoe showed the highest DM content (p<0.0001) 

and the greatest stability across years (p=0.3778). The biplot shows the distribution of 

environments by the direction of their vectors. The large separation of vectors denotes 

the significant location and location x year effects found in the ANOVA (Table B.17).  

Like SG, DM is a calculation of the total solid content. The DM biplot showed 

genotypes F05090, FV12272-3 and Atlantic to have high and stable DM contents (0.929, 

0.924 and 0.926). 

 

Spearman correlation did not show a strong correlation between SG and DM 

(Table 5.13). Atlantic and FV12272-3 have high SG and DM values with moderate and 

low amounts of stability. Although F05090 has the highest DM, it only had an average 

performance for SG and had high instability. Potatoes with high total solid content are 

most suitable for longer term storage. Their low water content means that over time, 

there is less shrinkage from the loss of water. Potatoes high in total solids, like those 

found in this trial, are suitable not only for processing, but for long term storage of fresh 

potatoes.
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Figure 5.18: GGE biplot for dry mater (DM) in Ontario trial. Locations include Simcoe 

2009 (S09), Elora 2009 (E09), Alliston 2009 (A09), Simcoe 2010 (S10), Elora 2010 (E10) 

and Alliston 2010 (A10). Genotypes include CV96044-3 (Cv), FV12272-3 (Fv), WV5475-1 

(Wv), F03031 (F31), F05035 (F35), F04037 (F37), F05081 (F81), F05090 (F90), Atlantic 

(Atl), Goldrush (Gr), Norland (Nor) and Russet Burbank (Rb). 
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Table 5.13: Spearman correlation coefficients for Ontario trial total solid content 
measures where N=284 and prob > |r|under Ho: Rho = 0. 

 SG DM 

SG r=1.00 r=0.172 
p=0.0037 
 

DM  r=1.00 
 

 

National Trial 

Specific gravity 

Significant genotype, location and location x year effects were found (Table B.30). 

The spread of environments in the biplot visually shows the significant location and 

location x year effects (Figure 5.19). Carberry, Winkler and Fredericton performed well 

in 2010 but not in 2009. Elora did not perform well in either field season. 

Biplot analysis clustered C10, W10 and F10 together, highlighting a good 

environment for SG evaluation (Figure 5.19). V3252-1, FV12272-3 and Atlantic were 

consistently the top performers (1.111, 1.102 and 1.096, respectively) but there were 

many more genotypes that had low SG values (Figure 5.19). 

 

Dry matter 

The ANOVA table showed significant G, E and GEI effects (Table B.31). 

Environmental effects came from the location, while GxE effects arose from all 

interactions, mostly the location x genotype. 

The biplot shows the scattering of genotypes and environments across the plot 

(Figure 5.20), exhibiting the significant G and E effects (Table B.31). The differences in  



160 
 

 

 
Figure 5.19: GGE biplot for specific gravity (SG) in national trial. Locations include 

Carberry 2009 (C09), Winkler 2009 (W09), Elora 2009 (E09), Fredericton 2009 (F09), 

Carberry 2010 (C10), Winkler 2010 (W10), Elora 2010 (E10) and Fredericton 2010 (F10). 

Genotypes include CV96044-3 (Cv), FV12272-3 (Fv), V1062-1 (V10), V1102-1 (V11), 

V1255-3 (V12), V3252-1 (V32), WV5475-1 (Wv), F05013 (F13), F05026 (F26), F03031 

(F31), F05032 (F32), F05035 (F35), F05051 (F51), F05064 (F64), F05090 (F90), Atlantic 

(Atl), Norland (Nor) and Russet Burbank (Rb). 
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Figure 5.20: GGE biplot for dry matter (DM) in national trial. Locations include Carberry 

2009 (C09), Winkler 2009 (W09), Elora 2009 (E09), Fredericton 2009 (F09), Carberry 

2010 (C10), Winkler 2010 (W10), Elora 2010 (E10) and Fredericton 2010 (F10). 

Genotypes include CV96044-3 (Cv), FV12272-3 (Fv), V1062-1 (V10), V1102-1 (V11), 

V1255-3 (V12), V3252-1 (V32), WV5475-1 (Wv), F05013 (F13), F05026 (F26), F03031 

(F31), F05032 (F32), F05035 (F35), F05051 (F51), F05064 (F64), F05090 (F90), Atlantic 

(Atl), Norland (Nor) and Russet Burbank (Rb). 
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vector angles and orders of environments contribute to the GEI effects (Figure 5.20). No 

mega-environments were found. The lack of pattern and consistency in the mega-

environment analysis highlights the year effects and GEI. 

With the exception of F05064 because of the high amounts of instability, V3252-

1 and Atlantic appeared to have the highest DM content (0.907) (Figure 5.20). 

 

The Spearman’s correlation analysis for the national trial did not present a 

significant correlation between the SG and DM measures (Table 5.14), which contradicts 

previous literature (Verma et al., 1971). In the national trials, V3252-1 was found to be 

the best performing genotype with high SG and DM content. FV12272-3 had a high SG 

value and an average DM content. However, it still managed to perform better than 

some of the commercial varieties in the trial (Norland and Russet Burbank). 

 

Table 5.14: Spearman correlation coefficients for national trial total solid content 
measures where N=188 and prob > |r|under Ho: Rho = 0. 

 SG DM 

SG r=1.00 r=-0.094 
p=0.1972 
 

DM  r=1.00 
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5.4 Discussion 

There were significant GEI for all six of the yield characters examined, so further 

analysis was warranted (Tables B.8 to B.13 and B.22 to B.27). Most commonly, it was 

the environmental effect of the location contributing the greatest amount of variation, 

as evidenced by the SS values (Tables B.8 to B.13). A similar finding was made in the 

national trial (Tables B.22 to B.27), highlighting the importance of using multiple 

locations rather than multiple years to test for performance (Yan et al., 2010). Block 

effects were also significant for all but Canada #1 and Canada #1 small tubers in the 

Ontario trial (Tables B.8 to B.13) and only in Canada #1 large and Canada #1 tubers 

(Tables B.22 to B.27). 

Compared to analysis of starch and fibre components, mega-environments were 

not clearly delineated for yield components. Often, significant mega-environments were 

not found, due to strong location x year effects and thus were more difficult to interpret 

compared to ANOVA tables. As exemplified in Figure 5.7, the separation of the two field 

seasons from the same location was common. This separation of mega-environments 

denotes crossover GEI, as in Figure 5.7 (DeLacy et al., 2010; Yan and Kang, 2003). 

Crossover GEI was also observed for French fry colour in another Ontario based study 

and appears to be common for potatoes grown at these locations (Affleck et al., 2008). 

Although crossover GEI does not occur for every location, this pattern occurs for every 

trait in the multiple environments used in this study. This quantitative nature of yield 

components lowers the response to selection. Contrary to the strong genetic control for 

starch and fibre, it is more difficult to make selections for yield in a breeding program.  
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The Ontario trial found F04037 to be one of the top yielding and most stable 

genotypes in the trial (Figure 5.1). It produced an average number of tubers with a large 

proportion of #1 large and #1 sized tubers (Figures 5.2 to 5.4). It had a below average 

production of #1 small and cull size tubers with average SG values and DM content 

(Figures 5.5, 5.6, 5.13 and 5.14). Although sugar content and a full range of culinary 

qualities were not tested, F04037 appears to be suitable for fresh market because of its 

suitable tuber sizes. In contrast, F05090 is highly undesirable because it produced a very 

low yield with mostly cull sized tubers (Figures 5.1, 5.6). F04037 was not present in the 

national trials. However, F05090 was and it exhibited a similar, unfavourable pattern. 

F05090 had a low yield, with few tubers in the desirable size classes (Figures 5.7 to 5.12). 

Although no genotype was found superior for all traits, F05064 and V1102-1 appeared 

to be promising. With some of the highest yields and good levels of stability, they 

produced a moderate number of tubers and had a good distribution of tuber sizes 

(Figures 5.9 to 5.12). The high yields of cultivars grown in Ontario are often associated 

with a high number of moderately sized tubers (Affleck et al., 2008). F05064 also had 

higher than average boiling and baking scores with low variability (Figures 5.15 and 

5.16). 

Contrary to the culinary scores, the SG and DM measures were highly variable 

and were not significantly correlated (Figures 5.17 to 5.20). SG is an important 

characteristic to judge tuber maturity and storability and is directly related to the DM 

content (Sabba et al., 2007; Verma et al., 1971). SG and DM (total solid content) are 

correlated with total starch or sugar content. High total solid content is also important 
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for the production of French fries and potato chips. Tubers with a higher total solids 

content have a lower percentage of water. When water content is reduced, the 

shrinkage rate during frying is minimized, resulting in higher volumes of production and 

minimizing the amount of oil used during frying. These two total solid measurements 

are expected, and have been repeatedly shown, to be positively correlated with each 

other (Sharma et al., 2007; Verma et al., 1971). A number of factors affect the SG 

measurement, including the amount of potato used, the quality of potatoes used, the 

temperature of the water and even the barometric pressure at the time of 

measurement. Several sources suggest weighing at least 5 kg of potatoes to get 

accurate SG measurements (State Government of Victoria, 2011; University of Idaho, 

2010). In this study, less than 2.5 kg was available for weighing. Samples were also 

measured for SG and DM over a period of several weeks and these two values probably 

changed over time. With such small samples for SG and DM content, small amounts of 

error due to fluctuations in water temperature and air pressure can result in widely 

different measurements, affecting the relationship between SG and DM. 

The effect of temperature on yield was apparent in this study and explains some 

of the differences observed between environments. Several studies have previously 

shown the effect of temperature on growth, tuberization and quality of potato tubers 

(Chapman, 1958; Driver and Hawkes, 1943; Gregory, 1956; Slater, 1968). Chapman 

(1958) and Driver and Hawkes (1943) stressed the importance of short days and cool 

nights for tuberization to occur. Later research showed low night temperatures 

promoted good tuber yields and the highest tuber weights (Gregory, 1958; Slater, 1968). 
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A higher temperature led to a higher proportion of assimilates used in plant growth 

(stem, leaves, root) rather than tuber development. As Ingram and McCloud’s (1984) 

simulation demonstrated, tuber initiation requires the inhibition of canopy growth and 

an increase in carbohydrate availability for tuberization. Root and canopy growth was 

optimal at 22 to 24°C while tuber growth was optimal between 14 and 16°C. This 

reflects the findings from this study. Simcoe, with high temperatures and low soil 

moisture, had the lowest yields, a higher proportion of cull (i.e., small) potatoes and 

high levels of instability. Although the yield of F04037 was lower in Simcoe than what 

was seen in Elora and Alliston , it remained the highest yielding genotype with a 

distribution of tuber sizes similar to other locations, highlighting the significant E effect. 

Similar temperature-dependent yields were seen by Affleck et al. (2008) when working 

in the same locations. Alliston and Elora, with moderate temperatures and well 

maintained irrigation, had superior yields and good tuber grade profiles. 

Not only is temperature an important consideration, the soil moisture profile can 

also affect tuber development and yield (Kincaid et al., 1993; Singh, 1969). Compared to 

loam soils, sandy soils required more frequent irrigation matching the evapo-

transpiration rate to avoid yield and quality reductions. The soils in Simcoe were sandy 

and irrigation was infrequent. The lack of moisture (natural and irrigated) at this 

environment resulted in substantial yield differences (10.1 kg plot-1 vs. 22.7 kg plot-1) 

compared with other well irrigated locations (e.g., Alliston). 

The genotypes identified as having the best starch and fibre profiles were not 

the highest yielding genotypes. One of the questions that comes up is “does having a 
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‘good’ starch profile mean that yield needs to be sacrificed?”. CV96044-3 and Goldrush 

had the most suitable starch profiles and F05081 had the most suitable fibre profile. 

Although their starch and fibre profiles were impressive, their yield and yield 

components were lower than several other genotypes. CV96044-3, Goldrush and 

F05081 all had yields near average in each tested location (14.1 kg plot-1, 14.3 kg plot-1 

and 15.2 kg plot-1, respectively). Although CV96044-3 had high tuber number, it was 

composed of high proportions of cull tubers. Of the three genotypes, Goldrush had the 

better distribution of tuber sizes, but F04037 still performed much better and Goldrush 

also yielded low tuber numbers. CV96044-3, Goldrush and F05081 had good yield 

characteristics, but have below the average for many cultivars. 

The biplots characterized genotypic and environmental performance by plotting 

variation on a two-dimensional graph. Simcoe demonstrated lowest levels of stability, as 

shown by high deviation from the y-axis of the biplots (PC2) (Figures 5.1 to 5.6). Elora 

appeared to be the best environment for identifying yield and yield components. Even 

with the biplots, it was difficult to discern the best environment in the national trial. 

There are multiple factors contributing to variation and the environment vectors are 

much more random (Figures 5.7 to 5.12). The strong influence of environmental factors 

necessitates the use of multiple testing locations for a comprehensive understanding of 

all yield characters. 

 



168 
 

5.5 Summary 

 In this study, several high yielding and good quality potato genotypes were 

found but stability of yield and yield components was low. As initially hypothesized, 

yield and yield components were expected to have high amounts of variability due to 

the unpredictable interactions between genotypes and environments. When soil 

moisture levels were low, tuber initiation was delayed and growth slowed. The plant 

responses resulted in  low tuber number, low yield and poor grade quality, adverse 

effects on yield and yield components. 

Our analysis concurs with previous research that temperature and soil type of an 

environment are important characteristics in considering suitable growing locations 

(Gregory, 1958; Slater, 1968). Supplemental irrigation to maintain soil moisture levels at 

near optimal levels also reduced undesirable outcomes in tuber yield and quality (Singh, 

1969). The Elora and Alliston environments had suitable temperature and precipitation 

profiles for maximizing tuber yield and quality. High night temperatures are 

unfavourable for tuber set and explain, in part, the reason tuber production was 

affected more at Simcoe than other locations (Chapman, 1958; Driver and Hawkes, 

1943). 

Aside from environmental effects, genotypic effects were also important for 

yield components. The tuber size grades were especially influenced by the genotype and 

exhibited moderate stability. F04037 and F05064 were found to be the genotypes with 

the largest proportion of tubers in the desirable size categories (Canada #1 and Canada 

#1 small tubers). 
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F04037 and F05064 were the highest yielding genotypes, although several other 

genotypes had only slightly lower yields. Although the Ontario trial did not identify any 

advanced genotypes to have better flavour than Atlantic, the national trial showed that 

F05051 had desirable culinary attributes, revealing a possible niche for this genotype.  
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Chapter 6: General Discussion 

 

6.1 Conclusions 

Potato is the 3rd most important food crop in the world for consumption 

(FAOSTAT, 2008; CIP, 2011). Its nutrition, long post harvest storage life and wide array of 

processed forms have contributed to its success as a staple in many diets (Hobhouse, 

1999; Lutaladio and Castaldi, 2009; Salaman, 1949). However, despite its positive 

attributes, potato consumption has been linked to weight gain and diabetes in recent 

years, resulting in a bad reputation for this staple food in the minds of consumers (AAFC, 

2007; Ludwig, 2002). 

This study focussed on the analysis of starch, fibre and yield of several potato 

genotypes, including advanced breeding lines and commercial cultivars. The DM of a 

potato is mainly starch and the GI reflects types of starch present in the tuber (Lynch et 

al., 2007). In recent years, nutritionists have included RS as a component of dietary fibre 

(Buttriss and Stokes, 2008). The correlation between starch profiles, fibre profiles and 

dietary GI are important to understanding the biochemistry behind gastrointestinal 

health (Haase, 2008; Radulian et al., 2009). Elucidation of G, E and GEI effects were 

important to finding superior genotypes for possible commercialization of a low GI, high 

fibre potato. 

Two separate RCBD trials were set up over a two year period. The Ontario trial 

included three locations (Simcoe, Elora and Alliston) with four replications. The national 

trial had four locations (Carberry and Winkler, Manitoba, Elora, Ontario and Fredericton, 
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New Brunswick) grown in two replications. Trait analysis was conducted in a similar 

manner for all trials but analyses were separate for the two trials. Statistical analysis was 

conducted in SAS v9.2 (SAS Institute Inc., Cary, NC, USA, 2009) using general linear 

model procedures for ANOVA tables. Stability analysis was conducted using GGE biplot 

analysis software from Yan et al. (2001). 

Chapter 3 discussed the starch components of selected potato genotypes. Biplot 

analysis and ANOVA illustrated the effect of field seasons (i.e., years) the largest 

component of environmental variation, indicating the need to extend field trials over 

several years rather than several environments. GEI effects were only found in SDS, 

highlighting the stability of starch components and the ability to develop breeding 

schemes for the development of potatoes with different starch profiles. 

Analysis of starch components found CV96044-3 and Goldrush superior to other 

tested genotypes (e.g., F05090). Both had lower RDS (7.4 and 7.7%, respectively) and 

higher SDS content (1.8 and 1.7%, respectively), contributing to a possible lower GI 

value. This was confirmed by Moreira and Wolever (2010; 2011), who found the GI 

value for CV96044-3 were 62 to 65±6. Although the GI value was not lower than some 

commercially available cultivars (e.g., Marfona: GI 56±3) (Henry et al., 2005), it strongly 

suggests the ability to utilize low GI potato genotypes as parental lines in the 

development of other low GI genotypes. In contrast, the GI of F05090 was not tested, 

but its high RDS and low SDS should result in a high GI,  much like that of Maris Peer (GI: 

94±16) in Henry et al. (2005). Stability in starch components for these two genotypes 



172 
 

was also high, further suggesting a high degree of genetic control and ability to breed 

for specific starch profiles. 

Current research does not suggest a physiological threshold limit for lowering or 

raising any of the starch components. Corn and rice possess both high amylose and high 

amylopectin (i.e., waxy) cultivars (Eriksson, 1969). Similar cultivars are emerging for 

barley and other crops (Damiran and Yu, 2011). The flexibility of starch components is 

large, however, most these specialty crops are not grown for processing and not fresh 

market consumption, therefore, their palatability is relatively unknown. Culinary studies 

have been conducted on waxy corn in Thailand and waxy rice in Japan, but no studies 

have been conducted on potatoes (Ise et al., 2001; Lertrat et al., 2008; Srichomporn et 

al., 2010). Although starch analysis and culinary tests have been conducted (in Chapter 3 

and 5, respectively), there does not appear to be a definite correlation between starch 

component ratios and palatability. Genotypes with good (e.g., CV96044-3) and bad (e.g., 

WV5475-1 and F05035) starch profiles showed similar culinary attributes (see Figure 

5.13). Culinary testing of more genotypes may present a more comprehensive 

understanding of starch and taste. 

In chapter 4, fibre components were analyzed. Environment analysis clustered all 

fibre components together, indicating limited testing environments were needed. 

Similar to the starch components, analysis of fibre content also found increasing the 

number of years to be more useful than increasing the number of environments. What 

differed from the starch components was the higher prevalence of GEI effects. While 

GEI effects were present for TDF, NDF and SF, this indicates fibre has more intricate 
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complexities than starch. This is further maintained by the definition of fibre, which is 

classified as a conglomerate of a multitude of components including, but not limited to, 

RS (Buttriss and Stokes, 2008). With the fundamental designation of fibre as a class of 

molecules, comes the underlying knowledge that several molecular and physiological 

pathways are controlling and contributing to fibre content. The result is a complex set of 

pathways that are subject to greater environmental influence than starch alone. 

F05081 and CV96044-3 were identified with the best fibre profiles, high in all 

fibre components (TDF: 14.4% and 13.3% NDF: 4.0% and 3.9%, SF: 10.4% and 9.5%, 

respectively) and exhibiting strong stability. Although starch and fibre are linked through 

the component of RS, such similar findings were not expected, especially given the lack 

of significant correlations  between RS and all fibre components (Buttriss and Stokes, 

2008). The classification of fibre encompasses a multitude of other components that 

stretch beyond the realm of starch and suggest only a small correlation between the 

two. The identification of CV96044-3 as a superior genotype with favourable starch and 

fibre content is exciting. 

Although these genotypes were superior in their starch and fibre content, 

market development of new cultivars requires high yields and appropriate agronomic 

characteristics, the focus of chapter 5 (Murphy et al., 2009). Environmental conditions 

have long been known to affect agronomic traits but the extent of effects depend on 

individual genotypes (Singh, 1969; Yamaguchi et al., 1964). Indeed, analysis of 

agronomic traits did not find mega-environments, but were strong for GEI effects in all 

traits. The complexity of the yield and yield-related components were strongly related 
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to genotypic and environmental conditions, resulting in widely different results 

compared to starch and fibre. 

No individual genotype excelled in all agronomic categories, but F04037, F05064 

and V1102-1 had good all-round performance for several traits compared to other 

tested genotypes (yield: 20.2 kg plot-1, 29.8 kg plot-1 and 38.0 kg plot-1, respectively). 

These genotypes had some of the top yields and best stability, appropriate distribution 

of tuber size grades and good overall palatability. None of these excellent yielding 

genotypes were found superior for starch or fibre content. CV96044-3 was superior for 

starch and fibre, but had an average yield. However, its overall performance was 

decreased by a higher proportion of cull tubers at all locations. 

The locations, and their associated environmental conditions, used in this study 

contributed to differences in all studied traits. The genotypic effect has already been 

explored, but environmental conditions played a role as well, in starch and fibre content. 

Hot and dry, or high stress, conditions contribute to low yields and poor tuber formation 

(Gregory, 1956; Slater, 1968). This is evident in the low yielding qualities of the hot and 

dry Simcoe location. However, the stress conditions resulted in higher SDS, TDF and NDF 

levels. Previous research found genetic polymorphisms resulted in changes to starch 

enzyme expression and differences in starch accumulation (Larkin and Park, 1999). 

Other research efforts found positive correlations between environmental stresses and 

lignin content (Hu et al., 2009; Whetten and Rederoff, 1975). Both these conclusions 

help explain the changes in starch and fibre content at hot and dry (ie. stressed) 

environments much like that of Simcoe. 
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The environmental impact on yield components is more complex, due to the 

impact of plant health on yield and vigour. For potatoes, optimal canopy growth occurs 

at 22 to 24°C and optimal tuber growth between 14 and 16°C (Ingram and McCloud, 

1984). Irrigation levels must also match or exceed the evapo-transpiration rate to 

maintain soil moisture levels at their optimal of 12 to 16% (Ensign, 1935; Jacob et al., 

1952). Stolon tip development and initial tuberization are critical periods when 

adequate soil moisture content is required, while inadequate moisture levels result in 

reduced stolon tip development and eventual tuberization (deLis et al., 1964). The 

current sudy highlights the challenges faced by the plant environments such as Simcoe, 

compared to the high performances in Alliston and Elora. 

The research findings indicate no superior genotype for all tested characteristics. 

However, superior genotypes for each grouping of traits can be further analyzed and 

used in breeding programs to develop other superior genotypes. 

 

6.2 Future directions 

 The research presented highlights the importance of environmental factors and 

testing environments. The elimination of specific redundant environments (e.g., Alliston 

and Fredericton) in favour of extra field seasons for testing potato characteristics may 

provide a better analysis of genotypes and better identification of superior genotypes. 

The national trial also had little overlap of genotypes between environments. Further 

testing should call for coordination of specific genotypes grown at all locations for a 

more comprehensive dataset, such as that of the Ontario trial. 
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For fibre components, testing of a wider range of environments may better 

identify mega-environments and superior genotypes. The national trial was not tested 

for fibre, so testing of remaining samples from previous field trials may result in a more 

comprehensive picture of fibre and the interacting G and E effects. 

 Starch is composed of two biochemical fractions, namely amylose and 

amylopectin. Evaluation of amylose and amylopectin should be completed to gain a 

complete picture of the starch components in each potato genotype. Amylose and 

amylopectin ratios are also correlated with dietary GI and can utilized to further 

understand the digestive system. Amylopectin is more readily digestible (i.e., RDS) than 

amylose and therefore, the amylose/amylopectin ratios should reflect the RDS, SDS and 

RS values similarly. Analysis of the biochemical fractions may provide insights into the 

enzymatic regulation that changes amylose and amylopectin content and ultimately 

affects starch profile. 

Boil and bake tests were not performed on all genotypes due to time constraints 

so additional analysis on remaining potato genotypes should be performed. Additional 

culinary tests such as French fry colour can also be tested to further identify test 

markets for potatoes. Further to the culinary analysis, a better definition of parameters 

should be developed. The large subjectivity and use of different individuals in culinary 

analysis led to vastly different results from all genotypes and environments.  

In all of these suggested trait tests, evaluation of genotype by environment 

effects would also be necessary to find main effects, identify superior environments and 

examine genotypic stability. Testing a broader array of germplasm may provide more 
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comprehensive information on environmental influences and uncover a greater amount 

of variation among potato genotypes. 

The lack of GEI effects for starch components highlights the strength of genetic 

control in the amylose/amylopectin ratios. The classification of multiple molecules as 

fibre results in more evident GEI effects but maintained its genetic influence. Yield, as a 

known quantitative trait, is highly variable depending on the environment and this was 

strongly reflected in the ANOVA tables. The higher the complexity of the trait in 

question, the stronger the GEI effects and the more difficult they are to breed for. 

Despite this, CV96044-3 and other superior genotypes can be utilized in the 

development of low GI potatoes. These advanced genotypes arose from the potato 

breeding program at the AAFC research centres in Fredericton, New Brunswick and 

Lethbridge, Alberta. Since starch and fibre are under genetic control, the superior starch 

and fibre genotypes (e.g., CV96044-3) can be used advantageously in a breeding 

program to combine high yields with good starch and fibre profiles. Crossing high 

yielding genotypes (e.g., F04037, F05064, V1102-1) with those of superior starch and 

fibre profiles may result in the development of a potato genotype with all these desired 

qualities. Further GxE analysis on all above-mentioned quality traits will need to be 

examined again before marketing, branding and commercialization can be possible.  
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Appendix A: Genotypic and environmental information 

 
Table A.1: A genotype list for the Ontario trial 2009 and 2010 field season. A total of 12 
genotypes were chosen for this study, four market available potato genotypes and eight 
advanced clones. 

Simcoe Elora Alliston 

CV96044-3 CV96044-3 CV96044-3 
FV12272-3 FV12272-3 FV12272-3 
WV5475-1 WV5475-1 WV5475-1 
Atlantic Atlantic Atlantic 
Goldrush Goldrush Goldrush* 
Norland Norland Norland 
Russet Burbank Russet Burbank Russet Burbank 
F03031 F03031 F03031 
F05035 F05035 F05035 
F04037 F04037 F04037 
F05081* F05081* F05081* 
F05090 F05090 F05090 
* Not included in the 4

th
 replication in 2009 

 
 
 
 
 
Table A.2: A genotype list for the national trial 2009 field season. A total of 14 genotypes 
were chosen, three market available potatoes and 11 advanced clones. 

Carberry Winkler Elora Benton 

WV1062-1 WV1062-1 WV1062-1  
WV1255-3 WV1255-3 WV1255-3  
WV5475-1 WV5475-1 WV5475-1 WV5475-1 
   Atlantic 
  Norland Norland 
   Russet Burbank 
F05013 F05013  F05013 
F05026 F05026  F05026 
   F03031 
F05032 F05032  F05032 
   F05035 
F05051 F05051 F05051 F05051 
F05064 F05064 F05064 F05064 
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Table A.3: A genotype list for the national trial 2010 field season. A total of 18 genotypes 
were chosen, three market available potatoes and 15 advanced clones for testing. 

Carberry Winkler Elora Benton 

CV96044-3 CV96044-3  CV96044-3 
FV12272-3 FV12272-3  FV12272-3 
WV1062-1 WV1062-1  WV1062-1 
WV1102-1 WV1102-1  WV1102-1 
WV1255-3 WV1255-3  WV1255-3 
WV3252-1 WV3252-1  WV3252-1 
WV5475-1 WV5475-1  WV5475-1 
Atlantic Atlantic Atlantic Atlantic 
  Norland Norland 
Russet Burbank Russet Burbank Russet Burbank Russet Burbank 
F05013 F05013 F05013 F05013 
F05026 F05026 F05026 F05026 
F03031 F03031 F03031 F03031 
F05032 F05032 F05032 F05032 
F05035 F05035 F05035 F05035 
F05051 F05051 F05051 F05051 
F05064 F05064 F05064 F05064 
F05090 F05090 F05090 F05090 
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Table A.4: Location and environmental information for Ontario trial locations. 

Parameter Location 

 Simcoe Elora Alliston 

Location 42° 85’N, 80° 28’ W 43° 64’ N, 80° 40’ W 44° 15’ N, 79° 84’ W 
Fertilizer 900 kg/ha 20:10:10 900 kg/ha 20:10:10 900 kg/ha 20:10:10 

Herbicide Dual Magnum, Sencor Dual Magnum, Sencor Dual Magnum, Sencor 
Fungicide Quadris, Curzate, Dithane DG, Bravo Quadris, Curzate, Dithane DG, 

Bravo 
Quadris, Curzate, Dithane DG, Bravo 

Insecticide Admire, Decis Admire, Decis Admire, Decis 
Soil type Scotland sand Conestoga silt loam Silt loam 

 2009 2010 2009 2010 2009 2010 

Planting 05/26 05/25 05/26 05/26 06/01 05/27 
Harvesting 10/06 10/12 10/19 09/27 09/24, 09/30, 

10/15 
10/01, 10/04 

 Precipitation (mm) 

May 37.9 114.4 85.9 107.4 N/A N/A 
June 85.4 104.7 79.1 187.5 N/A N/A 
July 88.7 79.2 86.4 94.3 N/A N/A 
August 162.4 78.2 97.4 16.0 N/A N/A 
September 43.4 69.3 61.2 87.8 N/A N/A 

 Average High/Low Temperature (°C) 

May 19.5/6.0 21.1/8.6 17.4/5.7 19.4/8.3 18.9/2.4 22.2/5.7 
June 23.6/11.6 25.0/13.6 20.9/10.8 21.4/12.3 22.3/8.2 22.9/10.7 
July 23.5/12.5 28.7/15.2 21.4/11.5 25.7/14.8 24.2/10.3 28.1/14.3 
August 25.1/14.2 27.9/15.3 23.1/12.6 25.0/13.6 24.3/11.5 27.3/13.0 
September 22.1/10.0 21.5/10.1 20.0/9.1 19.2/9.8 21.8/5.4 20.5/8.4 

 
 
 

 



 

 
 

1
92 

Table A.5: Location and environmental information for national trial locations. 

Parameter Location 

 Carberry Winkler Elora Fredericton 

Location 49° 91’ N, 99° 37’ W 49° 12’ N, 97° 94’ W 43° 64’ N, 80° 40’ W 45° 99’ N, 67° 61’ W 
Fertilizer 1000 kg/ha 13.3:10.6:13.3 1000 kg/ha 13.3:10.6:13.3 1000 kg/ha 13.3:10.6:13.3 1000 kg/ha 13.3:10.6:13.3 
Herbicide Poast Ultra, Prism, Sencor Prism, Sencor Quadris, Admire Dual Magnum, Lorox L 
Fungicide Dithane DG, Quadris, 

Revus, Curzate, Manzate, 
Allegro, Ranman/Sylgard 

Dithane DG, Bravo 500, 
Revus 

Curzate, Dithane DG, Bravo Bravo 500, Tattoo-C 

Insecticide Pounce, Admire, Coragen  Decis Rimon 10EC, Thionex EC 
Soil type N/A Sandy loam Conestoga silt loam Sandy loam 

 2009 2010 2009 2010 2009 2010 2009 2010 

Planting N/A 05/26 N/A 05/19 05/20 05/27 05/20 05/31 
Harvesting N/A 09/20 N/A 09/14 10/13 09/21 09/23 10/06 

 Precipitation (mm) 

May 67.6 127.4 53.6 133.4 85.9 107.4 81.3 32.21 

June 35.4 72.4 73.2 53.0 79.1 187.5 99.6 107.6 
July 76.6 67.0 57.4 101.8 86.4 94.3 131.1 117.2 
August 55.8 83.8 37.0 75.6 97.4 16.0 102.9 41.4 
September 22.2 35.0 106.6 58.6 61.2 87.8 79.5 108.8 

 Average High/Low Temperature (°C) 

May 16.0/0.9 15.8/4.7 15.1/2.4 16.2/6.2 17.4/5.7 19.4/8.3 17.8/5.8 20.0/5.2 
June 21.6/8.4 21.1/9.8 21.1/9.3 21.7/11.4 20.9/10.8 21.4/12.3 21.6/11.0 21.7/10.3 
July 21.9/9.2 25.0/11.7 22.5/11.3 16.4/14.7 21.4/11.5 25.7/14.8 23.5/13.6 26.8/14.3 
August 22.2/9.7 24.5/11.1 22.8/12.2 25.8/13.6 23.1/12.6 25.0/13.6 25.8/13.6 25.8/11.2 
September 24.9/9.0 17.3/4.6 23.6/11.1 17.8/7.4 20.0/9.1 19.2/9.8 20.1/6.2 20.4/9.4 
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Appendix B: ANOVA tables 

 
Table B.1: Analysis of variance for TS of 12 potato genotypes in six environments in the 
Ontario trial. R2 value for the model is 0.41 and CV value is 6.5. 

Source df  SS % SS MS F value Pr > F 

Environment 5 518 4.85 104 3.17 0.0090 
   Location (2) 142 (1.33) 71.0 2.17 0.1170 
   Year (1) 16.1 (0.15) 16.1 0.49 0.4843 
   Location x Year (2) 366 (3.43) 183 5.60 0.0043 
Block (Environment) 18 1660 15.6 92.3 2.82 0.0002 
Genotype 11 521 4.88 47.4 1.45 0.1540 
Environment x Genotype 55 1550 14.5 28.2 0.86 0.7401 
   Location x Genotype (22) 514 (4.81) 23.4 0.71 0.8227 
   Year x Genotype (11) 505 (4.73) 45.9 1.40 0.1736 
   Location x Year x Genotype (22) 523 (4.90) 23.8 0.73 0.8086 
Error 194 6350 59.4 32.7   
Corrected Total 283 10700     

 
 
 
 
 
 
 
 
Table B.2: Analysis of variance for RDS of 12 potato genotypes in six environments in the 
Ontario trial. R2 value for the model is 0.90 and CV value is 11.6. 

Source df  SS % SS MS F value Pr > F 

Environment 5 518 58.5 103 114 <.0001 
   Location (2) 18.4 (2.07) 9.18 10.1 <.0001 
   Year (1) 473 (53.4) 473 520 <.0001 
   Location x Year (2) 25.4 (2.87) 12.7 14.0 <.0001 
Block (Environment) 18 82.4 9.31 4.58 5.03 <.0001 
Genotype 11 67.8 7.65 6.16 6.77 <.0001 
Environment x Genotype 55 30.2 3.40 0.55 0.60 0.9858 
   Location x Genotype (22) 9.45 (1.07) 0.43 0.47 0.9798 
   Year x Genotype (11) 10.7 (1.21) 0.97 1.07 0.3898 
   Location x Year x Genotype (22) 9.67 (1.09) 0.44 0.48 0.9767 
Error 194 177 19.9 0.91   
Corrected Total 283 886     
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Table B.3: Analysis of variance for SDS of 12 potato genotypes in six environments in the 
Ontario trial. R2 value for the model is 0.43 and CV value is 46.0. 

Source df  SS % SS MS F value Pr > F 

Environment 5 12.0 6.13 2.40 4.15 0.0013 
   Location (2) 2.63 (1.34) 1.31 2.27 0.1065 
   Year (1) 9.10 (4.65) 9.10 15.7 0.0001 
   Location x Year (2) 0.24 (0.123) 0.12 0.21 0.8119 
Block (Environment) 18 20.3 10.4 1.13 1.95 0.0114 
Genotype 11 13.5 6.87 1.22 2.11 0.0212 
Environment x Genotype 55 38.4 19.6 0.70 1.20 0.1803 
   Location x Genotype (22) 12.7 (6.47) 0.58 0.99 0.4740 
   Year x Genotype (11) 8.34 (4.26) 0.76 1.31 0.2226 
   Location x Year x Genotype (22) 17.5 (8.94) 0.80 1.37 0.1318 
Error 194 112 57.4 0.58   
Corrected Total 283 196     

 
 
 
 
 
 
 
 
Table B.4: Analysis of variance for RS of 12 potato genotypes in six environments in the 
Ontario trial. R2 value for the model is 0.45 and CV value is 7.6. 

Source df  SS % SS MS F value Pr > F 

Environment 5 1290 10.5 258 7.49 <.0001 
   Location (2) 91.1 (0.74) 45.6 1.32 0.2695 
   Year (1) 844 (6.88) 844 24.5 0.6844 
   Location x Year (2) 354 (2.89) 177 5.13 0.0067 
Block (Environment) 18 1940 15.9 108 3.13 <.0001 
Genotype 11 639 5.21 58.1 1.68 0.0796 
Environment x Genotype 55 1630 13.3 29.6 0.86 0.7440 
   Location x Genotype (22) 571 (4.66) 26.0 0.75 0.7809 
   Year x Genotype (11) 479 (3.91) 43.5 1.26 0.2493 
   Location x Year x Genotype (22) 572 (4.67) 26.0 0.75 0.7786 
Error 194 6700 54.6 34.5   
Corrected Total 283 12300     
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Table B.5: Analysis of variance for TDF of 12 potato genotypes in six environments in the 
Ontario trial. R2 value for the model is 0.87 and CV value is 5.9. 

Source df  SS % SS MS F value Pr > F 

Environment 5 43.4 15.7 8.67 15.5 <.0001 
   Location (2) 22.9 (8.33) 11.5 20.5 <.0001 
   Year (1) 3.62 (1.31) 3.62 6.46 0.0134 
   Location x Year (2) 16.8 (6.10) 8.40 15.0 <.0001 
Block (Environment) 6 56.0 20.3 9.34 16.7 <.0001 
Genotype 11 93.8 34.0 8.52 15.2 <.0001 
Environment x Genotype 55 45.3 16.5 0.82 1.47 0.0669 
   Location x Genotype (22) 12.1 (4.40) 0.55 0.98 0.4956 
   Year x Genotype (11) 10.2 (3.71) 0.93 1.66 0.1034 
   Location x Year x Genotype (22) 23.0 (8.35) 1.05 1.86 0.0274 
Error 66 37.0 13.4 0.56   
Corrected Total 143 275     

 
 
 
 
 
 
 
 
Table B.6: Analysis of variance for NDF of 12 potato genotypes in six environments in the 
Ontario trial. R2 value for the model is 0.88 and CV value is 13.2. 

Source df  SS % SS MS F value Pr > F 

Environment 5 74.9 53.6 15.0 59.9 <.0001 
   Location (2) 25.3 (18.1) 12.6 50.5 <.0001 
   Year (1) 35.8 (25.6) 35.8 143 <.0001 
   Location x Year (2) 13.8 (9.92) 6.94 27.7 <.0111 
Block (Environment) 6 5.50 3.94 0.92 3.66 0.0034 
Genotype 11 21.2 15.2 1.93 7.71 <.0001 
Environment x Genotype 55 21.6 15.5 0.39 1.57 0.0396 
   Location x Genotype (22) 11.6 (8.33) 0.53 2.12 0.0103 
   Year x Genotype (11) 3.34 (2.39) 0.30 1.21 0.2957 
   Location x Year x Genotype (22) 6.64 (4.75) 0.30 1.21 0.2735 
Error 66 16.5 11.8 0.25   
Corrected Total 143 140     
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Table B.7: Analysis of variance for SF of 12 potato genotypes in six environments in the 
Ontario trial. R2 value for the model is 0.87 and CV value is 7.2. 

Source df  SS % SS MS F value Pr > F 

Environment 5 19.2 9.12 3.83 9.47 <.0001 
   Location (2) 0.559 (0.27) 0.280 0.690 0.5059 
   Year (1) 16.6 (7.92) 16.6 41.10 <.0001 
   Location x Year (2) 1.98 (0.94) 0.989 2.45 0.0945 
Block (Environment) 6 48.0 22.8 8.00 19.77 <.0001 
Genotype 11 75.2 35.8 6.84 16.89 <.0001 
Environment x Genotype 55 41.0 19.5 0.745 1.84 0.0090 
   Location x Genotype (22) 13.2 (6.30) 0.602 1.49 0.1100 
   Year x Genotype (11) 11.9 (5.64) 1.08 2.66 0.0069 
   Location x Year x Genotype (22) 15.9 (7.57) 0.723 1.79 0.369 
Error 66 26.7  0.405   
Corrected Total 143 210     

 
 
 
 
 
 
 
 
Table B.8: Analysis of variance for yield per plot (5.0 m2) of 12 potato genotypes in six 
environments in the Ontario trial. R2 value for the model is 0.90 and CV value is 17.9. 

Source df  SS % SS MS F value Pr > F 

Environment 5 8510 54.8 1700 213 <.0001 
   Location (2) 7690 (49.5) 3840 480 <.0001 
   Year (1) 221 (1.42) 221 27.6 <.0001 
   Location x Year (2) 676 (4.35) 338 42.2 <.0001 
Block (Environment) 18 280 1.80 15.6 1.94 0.0147 
Genotype 11 3650 23.5 332 41.4 <.0001 
Environment x Genotype 55 1600 10.3 29.1 3.64 <.0001 
   Location x Genotype (22) 557 (3.59) 25.3 3.16 <.0001 
   Year x Genotype (11) 794 (5.11) 72.1 9.01 <.0001 
   Location x Year x Genotype (22) 254 (1.63) 11.6 1.44 0.0988 
Error 194 155 9.99 8.01   
Corrected Total 283 15500     
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Table B.9: Analysis of variance for tuber number per plot (5.0 m2) of 12 potato 
genotypes in six environments in the Ontario trial. R2 value for the model is 0.92 and CV 
value is 16.5. 

Source df SS % SS MS F value Pr > F 

Environment 5 628000 52.3 126000 244 <.0001 
   Location (2) 558000 (46.4) 279000 541 <.0001 
   Year (1) 51400 (4.28) 51400 99.8 <.0001 
   Location x Year (2) 20000 (1.67) 10000 19.4 <.0001 
Block (Environment) 18 32200 2.68 1790 3.47 <.0001 
Genotype 11 275000 22.9 25000 48.5 <.0001 
Environment x Genotype 55 156000 13.0 2840 5.52 <.0001 
   Location x Genotype (22) 81900 (6.81) 3720 7.22 <.0001 
   Year x Genotype (11) 55600 (4.63) 5060 9.81 <.0001 
   Location x Year x Genotype (22) 19900 (1.66) 907 1.76 0.0232 
Error 194 99900 8.32 515   
Corrected Total 283 1200000     

 
 
 
 
 
 
 
 
 
Table B.10: Analysis of variance for Canada #1 large tubers per plot (5.0 m2) of 12 potato 
genotypes in six environments in the Ontario trial. R2 value for the model is 0.80 and CV 
value is  132.7. 

Source df SS % SS MS F value Pr > F 

Environment 5 1040 13.1 208 25.5 <.0001 
   Location (2) 398 (5.03) 199 24.4 <.0001 
   Year (1) 11.2 (0.14) 11.2 1.38 0.2424 
   Location x Year (2) 630 (7.96) 315 38.6 <.0001 
Block (Environment) 18 256 3.24 14.2 1.75 0.0345 
Genotype 11 2160 27.2 196 24.1 <.0001 
Environment x Genotype 55 3070 38.8 55.8 6.85 <.0001 
   Location x Genotype (22) 1010 (12.8) 46.1 5.65 <.0001 
   Year x Genotype (11) 543 (6.87) 49.4 6.06 <.0001 
   Location x Year x Genotype (22) 1670 (21.1) 75.8 9.3 <.0001 
Error 194 1580 20.0 8.15   
Corrected Total 283 7910     
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Table B.11 Analysis of variance for Canada #1 tubers per plot (5.0 m2) of 12 potato 
genotypes in six environments in the Ontario trial. R2 value for the model is 0.72 and CV 
value is 44.0. 

Source df SS % SS MS F value Pr > F 

Environment 5 13000 6.23 2600 8.72 <.0001 
   Location (2) 10400 (4.97) 5190 17.4 <.0001 
   Year (1) 447 (0.21) 447 1.5 0.2220 
   Location x Year (2) 2160 (1.03) 1080 3.62 0.0287 
Block (Environment) 18 5270 2.53 293 0.98 0.4815 
Genotype 11 108000 51.9 9830 33.0 <.0001 
Environment x Genotype 55 24000 11.5 436 1.46 0.0318 
   Location x Genotype (22) 12800 (6.12) 580 1.95 0.0091 
   Year x Genotype (11) 5240 (2.51) 477 1.6 0.1013 
   Location x Year x Genotype (22) 5740 (2.75) 261 0.88 0.6274 
Error 194  57800 27.7 298   
Corrected Total 283 209000     

 
 
 
 
 
 
 
 
 
Table B.12: Analysis of variance for Canada #1 small tubers per plot (5.0 m2) of 12 potato 
genotypes in six environments in the Ontario trial. R2 value for the model is 0.83 and CV 
value is 22.7. 

Source df SS % SS MS F value Pr > F 

Environment 5 2980 4.10 596 9.59 <.0001 
   Location (2) 1610 (2.22) 807 13.0 <.0001 
   Year (1) 164 (0.23) 164 2.64 0.1061 
   Location x Year (2) 1180 (1.62) 589 9.48 0.0001 
Block (Environment) 18 909 1.25 50.5 0.81 0.6838 
Genotype 11 41100 56.6 3740 60.2 <.0001 
Environment x Genotype 55 15800 21.7 287 4.61 <.0001 
   Location x Genotype (22) 8920 (12.3) 406 6.53 <.0001 
   Year x Genotype (11) 2610 (3.59) 237 3.82 <.0001 
   Location x Year x Genotype (22) 4230 (5.82) 192 3.09 <.0001 
Error 194 12100 16.6 62.2   
Corrected Total 283 72700     

 
  



 

199 
 

Table B.13: Analysis of variance for cull tubers per plot (5.0 m2) of 12 potato genotypes 
in six environments in the Ontario trial. R2 value for the model is 0.95 and CV value is 
25.7. 

Source df  SS % SS MS F value Pr > F 

Environment 5 7550 4.97 1510 38.0 <.0001 
   Location (2) 4930 (3.25) 2470 62.1 <.0001 
   Year (1) 473 (0.31) 473 11.9 0.0007 
   Location x Year (2) 2110 (1.39) 1050 26.5 <.0001 
Block (Environment) 18 1210 0.80 67.5 1.70 0.0424 
Genotype 11 124000 82.0 11300 285 <.0001 
Environment x Genotype 55 10800 7.09 196 4.92 <.0001 
   Location x Genotype (22) 5710 (3.76) 259 6.52 <.0001 
   Year x Genotype (11) 1240 (0.82) 113 2.83 0.0019 
   Location x Year x Genotype (22) 3780 (2.49) 172 4.32 <.0001 
Error 194  7710 5.08 39.8   
Corrected Total 283 152000     

 
 
 
 
 
 
 
 
 
Table B.14: Analysis of variance for boil scores of seven potato genotypes in six 
environments in the Ontario trial. R2 value for the model is 0.77 and CV value is 9.7. 

Source df  SS % SS MS F value Pr > F 

Environment 5 598 6.93 120 2.21 0.0747 
   Location (2) 230 (2.67) 115 2.12 0.1342 
   Year (1) 92.2 (1.07) 92.2 1.70 0.2003 
   Location x Year (2) 276 (3.19) 138 2.55 0.0924 
Block (Environment) 6 262 3.03 43.6 0.81 0.5722 
Genotype 6 3210 37.1 535 9.87 <.0001 
Environment x Genotype 30 2620 30.3 87.3 1.61 0.0857 
   Location x Genotype (12) 1080 (12.5) 90.1 1.66 0.1176 
   Year x Genotype (6) 814 (9.43) 136 2.51 0.0396 
   Location x Year x Genotype (12) 723 (8.37) 60.3 1.11 0.3805 
Error 36 1950 22.6 54.2   
Corrected Total 283 8630     
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Table B.15: Analysis of variance for bake scores of seven potato genotypes in six 
environments in the Ontario trial. R2 value for the model is 0.67 and CV value is 14.8. 

Source df  SS % SS MS F value Pr > F 

Environment 5 1120 9.61 225 2.13 0.0846 
   Location (2) 348 (2.98) 174 1.64 0.2072 
   Year (1) 1.57 (0.013) 1.57 0.01 0.9036 
   Location x Year (2) 775 (6.62) 387 3.66 0.0357 
Block (Environment) 6 132 1.13 22.0 0.21 0.9722 
Genotype 6 3710 31.7 619 5.85 0.0002 
Environment x Genotype 30 2920 25.0 97.4 0.92 0.5888 
   Location x Genotype (12) 1070 (9.15) 89.2 0.84 0.6077 
   Year x Genotype (6) 691 (5.91) 115 1.09 0.3878 
   Location x Year x Genotype (12) 1160 (9.92) 96.7 0.91 0.5434 
Error 36 3810 32.6 106   
Corrected Total 283 11700     

 
 
 
 
 
 
 
 
 
Table B.16: Analysis of variance for SG of 12 potato genotypes in six environments in the 
Ontario trial. R2 value for the model is 0.57 and CV value is 1.6. 

Source df  SS % SS MS F value Pr > F 

Environment 5 0.0135 10.3 0.00269 9.22 <.0001 
   Location (2) 0.00106 (0.81) 0.000529 1.82 0.1656 
   Year (1) 0.00652 (5.00) 0.00652 22.4 <.0001 
   Location x Year (2) 0.00569 (4.36) 0.00284 9.75 <.0001 
Block (Environment) 18 0.0232 17.8 0.00129 4.42 <.0001 
Genotype 11 0.0198 15.2 0.00180 6.16 <.0001 
Environment x Genotype 55 0.0172 13.2 0.000313 1.07 0.3581 
   Location x Genotype (22) 0.00592 (4.54) 0.000269 0.92 0.5654 
   Year x Genotype (11) 0.00543 (4.16) 0.000493 1.69 0.0776 
   Location x Year x Genotype (22) 0.00582 (4.46) 0.000264 0.91 0.5865 
Error 194 0.0566 43.4 0.000292   
Corrected Total 283 0.130     
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Table B.17: Analysis of variance for DM of 12 potato genotypes in six environments in 
the Ontario trial. R2 value for the model is 0.73 and CV value is 1.1. 

Source df  SS % SS MS F value Pr > F 

Environment 5 0.0126 18.4 0.00252 26.6 <.0001 
   Location (2) 0.00786 (11.5) 0.00393 41.5 <.0001 
   Year (1) 0.000437 (0.64) 0.000437 4.62 0.0328 
   Location x Year (2) 0.00426 (6.24) 0.00213 22.5 <.0001 
Block (Environment) 18 0.0182 26.7 0.00101 10.7 <.0001 
Genotype 11 0.00687 10.1 0.000625 6.61 <.0001 
Environment x Genotype 55 0.0118 17.3 0.000214 2.26 <.0001 
   Location x Genotype (22) 0.00279 (4.09) 0.000127 1.34 0.1495 
   Year x Genotype (11) 0.00300 (4.40) 0.000273 2.88 0.0016 
   Location x Year x Genotype (22) 0.00585 (8.59) 0.000266 2.81 <.0001 
Error 194 0.0184 26.9 0.0000946   
Corrected Total 283 0.0682     
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Table B.18: Analysis of variance for TS of 18 potato genotypes in eight environments in 
the national trial. R2 value for the model is 0.65 and CV value is 7.5. 

Source df  SS % SS MS F value Pr > F 

Environment 7 1500 14.5 215 4.95 <.0001 
   Location (3) 143 (1.38) 47.7 1.10 0.3538 
   Year (1) 667 (6.45) 667 15.4 0.0002 
   Location x Year (3) 372 (3.59) 124 2.86 0.0418 
Block (Environment) 7 1490 14.5 214 4.93 0.0001 
Genotype 18 898 8.69 49.9 1.15 0.3203 
Environment x Genotype 72 2470 23.9 34.3 0.79 0.8464 
   Location x Genotype (45) 1580 (15.3) 35.1 0.81 0.7811 
   Year x Genotype (13) 374 (3.61) 28.8 0.66 0.7929 
   Location x Year x Genotype (14) 330 (3.19) 23.6 0.54 0.8998 
Error 85 3680 35.6 43.4   
Corrected Total 187 10300     

 
 
 
 
 
 
 
 
Table B.19: Analysis of variance for RDS of 18 potato genotypes in eight environments in 
the national trial. R2 value for the model is 0.70 and CV value is 12.2. 

Source df  SS % SS MS F value Pr > F 

Environment 7 45.4 16.2 6.48 6.20 <.0001 
   Location (3) 11.4 (4.07) 3.81 3.64 0.0159 
   Year (1) 7.41 (2.64) 7.41 7.08 0.0093 
   Location x Year (3) 8.40 (3.00) 2.80 2.68 0.0523 
Block (Environment) 7 9.69 3.46 1.38 1.32 0.2492 
Genotype 18 36.8 13.1 2.04 1.95 0.0215 
Environment x Genotype 72 100 35.7 1.39 1.33 0.1028 
   Location x Genotype (45) 36.9 (13.2) 0.82 0.78 0.8126 
   Year x Genotype (13) 24.9 (8.88) 1.92 1.83 0.0508 
   Location x Year x Genotype (14) 23.4 (8.35) 1.67 1.60 0.0959 
Error 85 88.9 31.7 1.05   
Corrected Total 187 280     
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Table B.20: Analysis of variance for SDS of 18 potato genotypes in eight environments in 
the national trial. R2 value for the model is 0.65 and CV value is 43.1. 

Source df  SS % SS MS F value Pr > F 

Environment 7 6.82 8.29 0.97 2.88 0.0094 
   Location (3) 0.84 (1.02) 0.28 0.83 0.4832 
   Year (1) 2.40 (2.92) 2.40 7.11 0.0092 
   Location x Year (3) 0.89 (1.08) 0.30 0.88 0.4848 
Block (Environment) 7 11.3 13.8 1.62 4.80 0.0001 
Genotype 18 10.5 12.7 0.58 1.72 0.0504 
Environment x Genotype 72 26.1 31.7 0.36 1.07 0.3766 
   Location x Genotype (45) 8.76 (10.6) 0.19 0.58 0.9777 
   Year x Genotype (13) 10.3 (12.5) 0.79 2.34 0.0103 
   Location x Year x Genotype (14) 5.87 (7.13) 0.42 1.24 0.2614 
Error 85 28.7 34.9 0.34   
Corrected Total 187 82.3     

 
 
 
 
 
 
 
 
Table B.21: Analysis of variance for RS of 18 potato genotypes in eight environments in 
the national trial. R2 value for the model is 0.63 and CV value is 8.8. 

Source df  SS % SS MS F value Pr > F 

Environment 7 1280 11.8 183 3.82 0.0012 
   Location (3) 145 (1.32) 48.2 1.00 0.3954 
   Year (1) 452 (4.14) 452 9.40 0.0029 
   Location x Year (3) 472 (4.32) 157 3.27 0.0250 
Block (Environment) 7 1570 14.38 224 4.67 0.0002 
Genotype 18 965 8.84 53.6 1.12 0.3512 
Environment x Genotype 72 2850 26.1 39.6 0.82 0.7998 
   Location x Genotype (45) 1910 17.5 42.4 0.88 0.6726 
   Year x Genotype (13) 443 4.06 34.1 0.71 0.7489 
   Location x Year x Genotype (14) 341 3.13 24.4 0.51 0.9227 
Error 85 4080 37.4 48.0   
Corrected Total 187 10900     
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Table B.22: Analysis of variance for yield per plot (5.0 m2) of 18 potato genotypes in 
eight environments in the national trial. R2 value for the model is 0.91 and CV value is 
16.9. 

Source df  SS % SS MS F value Pr > F 

Environment 7 6830 43.6 976 56.9 <.0001 
   Location (3) 1840 (11.7) 613 35.7 <.0001 
   Year (1) 67.5 (0.43) 67.5 3.93 0.0508 
   Location x Year (3) 1620 (10.4) 542 31.6 <.0001 
Block (Environment) 7 124 0.79 17.7 1.03 0.4162 
Genotype 17 4230 27.0 249 14.5 <.0001 
Environment x Genotype 68 2350 15.0 34.6 2.02 0.0014 
   Location x Genotype (45) 1780 (11.4) 39.7 2.31 0.0005 
   Year x Genotype (9) 158 (1.01) 17.6 1.03 0.4267 
   Location x Year x Genotype (14) 330 (2.10) 23.5 1.37 0.1865 
Error 80 1370 8.75 17.2   
Corrected Total 179 15700     

 
 
 
 
 
 
 
 
Table B.23: Analysis of variance for tuber number per plot (5.0 m2) of 18 potato 
genotypes in four environments in the national trial. R2 value for the model is 0.81 and 
CV value is 20.6. 

Source df  SS % SS MS F value Pr > F 

Environment 3 2730 14.5 909 1.02 0.3929 
   Location (3) 2730 (14.5) 909 1.02 0.3929 
Block (Environment) 4 1800 0.955 449 0.51 0.7320 
Genotype 17 84500 44.9 4970 5.59 <.0001 
Environment x Genotype 24 56800 30.2 2370 2.66 0.0028 
   Location x Genotype (24) 56800 (30.2) 2370 2.66 0.0028 
Error 41 36500 19.4 889   
Corrected Total 89 188000     
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Table B.24: Analysis of variance for Canada #1 large tubers per plot (5.0 m2) of 18 potato 
genotypes in six environments in the national trial. R2 value for the model is 0.80 and CV 
value is 115.2. 

Source df  SS % SS MS F value Pr > F 

Environment 5 517.4 33.6 103.5 16.3 <.0001 
   Location (3) 399 (25.9) 133 21.0 <.0001 
   Year (1) 46.0 (2.99) 46.0 7.26 0.0097 
   Location x Year (1) 28.0 (1.82) 28.0 4.42 0.0408 
Block (Environment) 5 81.9 5.32 16.4 2.58 0.0379 
Genotype 17 174 11.3 10.2 1.61 0.0979 
Environment x Genotype 36 467 30.3 13.0 2.04 0.0105 
   Location x Genotype (25) 402 (26.1) 16.1 2.54 0.0028 
   Year x Genotype (7) 17.1 (1.11) 2.45 0.39 0.9061 
   Location x Year x Genotype (2) 11.3 (0.731) 5.63 0.89 0.4182 
Error 48 305        19.8 6.35   
Corrected Total 111 1540     

 
 
 
 
 
 
 
 
Table B.25: Analysis of variance for Canada #1 tubers per plot (5.0 m2) of 18 potato 
genotypes in six environments in the national trial. R2 value for the model is 0.92 and CV 
value is 13.7. 

Source df  SS % SS MS F value Pr > F 

Environment 5 11400 23.8 2290 27.2 <.0001 
   Location (3) 3780 (7.87) 1260 15.0 <.0001 
   Year (1) 1370 (2.86) 1370 16.4 0.0002 
   Location x Year (1) 132 (0.275) 132 1.57 0.2158 
Block (Environment) 5 1430 2.97 285 3.39 0.0105 
Genotype 17 12100 25.2 712 8.47 <.0001 
Environment x Genotype 36 12200 25.4 340 4.04 <.0001 
   Location x Genotype (25) 6820 (14.2) 273 3.25 0.0002 
   Year x Genotype (7) 1720 (3.57) 245 2.92 0.0126 
   Location x Year x Genotype (2) 54.6 (0.114) 27.3 0.32 0.7243 
Error 48 4040 8.40 84.1   
Corrected Total 111 48000     
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Table B.26: Analysis of variance for Canada #1 small tubers per plot (5.0 m2) of 18 potato 
genotypes in six environments in the national trial. R2 value for the model is 0.91 and CV 
value is 37.7. 

Source df  SS % SS MS F value Pr > F 

Environment 5 9350 22.4 1870 24.2 <.0001 
   Location (3) 1360 (3.26) 453 5.86 0.0017 
   Year (1) 4050 (9.73) 4050 52.5 <.0001 
   Location x Year (1) 53.3 (0.128) 53.3 0.69 0.4099 
Block (Environment) 5 813 1.95 163 2.11 0.0808 
Genotype 17 6940 16.7 408 5.29 <.0001 
Environment x Genotype 36 15100 36.3 420 5.44 <.0001 
   Location x Genotype (25) 8040 (19.3) 322 4.17 <.0001 
   Year x Genotype (7) 3280 (7.87) 468 6.07 <.0001 
   Location x Year x Genotype (2) 235 (0.564) 117 1.52 0.2287 
Error 48 3700       8.90 77.2   
Corrected Total 111 41600     

 
 
 
 
 
 
 
 
Table B.27: Analysis of variance for cull tubers per plot (5.0 m2) of 18 potato genotypes 
in six environments in the national trial. R2 value for the model is 0.71 and CV value is 
150.6. 

Source df  SS % SS MS F value Pr > F 

Environment 5 2490 17.0 499 5.66 0.0004 
   Location (3) 1040 (7.08) 346 3.92 0.0139 
   Year (1) 41.8 (0.285) 41.8 0.47 0.4942 
   Location x Year (1) 101 (0.688) 101 1.14 0.29 
Block (Environment) 5 602 4.11 120 1.37 0.2534 
Genotype 17 4090 27.9 241 2.73 0.0032 
Environment x Genotype 36 2330 15.9 64.8 0.74 0.8298 
   Location x Genotype (25) 1700 (11.6) 68.0 0.77 0.755 
   Year x Genotype (7) 468 (3.20) 66.9 0.76 0.624 
   Location x Year x Genotype (2) 30.5 (0.208) 15.2 0.17 0.8417 
Error 48  4230       28.9 88.1   
Corrected Total 111 14600     
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Table B.28: Analysis of variance for boil scores of 18 potato genotypes in eight 
environments in the national trial. R2 value for the model is 0.80 and CV value is 7.7. 

Source df  SS % SS MS F value Pr > F 

Environment 7 1900 35.0 272 8.19 <.0001 
   Location (3) 920 (16.9) 307 9.23 0.0001 
   Year (1) 1060 (19.5) 1060 31.9 <.0001 
   Location x Year (3) 110 (2.02) 36.8 1.11 0.3602 
Block (Environment) 7 707 13.0 101 3.04 0.0139 
Genotype 9 524 9.62 58.2 1.75 0.1159 
Environment x Genotype 29 1710 31.5 59.1 1.78 0.0553 
   Location x Genotype (12) 494 (9.06) 41.2 1.24 0.2996 
   Year x Genotype (8) 272 (4.99) 34.0 1.02 0.4384 
   Location x Year x Genotype (9) 838 (15.4) 93.1 2.80 0.0146 
Error 33 1100 20.1 33.2   
Corrected Total 85 5450     

 
 
 
 
 
 
 
 
Table B.29: Analysis of variance for bake scores of 18 potato genotypes in eight 
environments in the national trial. R2 value for the model is 0.66 and CV value is 11.8. 

Source df  SS % SS MS F value Pr > F 

Environment 7 1210 17.8 173 2.45 0.0384 
   Location (3) 922 (13.6) 307 4.37 0.0107 
   Year (1) 35.0 (0.516) 35.0 0.50 0.4856 
   Location x Year (3) 113 (1.67) 37.8 0.54 0.6597 
Block (Environment) 7 405 5.98 57.9 0.82 0.5751 
Genotype 9 638 9.41 70.9 1.01 0.4535 
Environment x Genotype 29 2140 31.6 73.8 1.05 0.4442 
   Location x Genotype (12) 983 (14.5) 81.9 1.17 0.3465 
   Year x Genotype (8) 838 (12.4) 105 1.49 0.1986 
   Location x Year x Genotype (9) 433 (6.39) 48.1 0.68 0.7173 
Error 33 2320 34.2 70.3   
Corrected Total 85 6780     
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Table B.30: Analysis of variance for SG of 18 potato genotypes in eight environments in 
the national trial. R2 value for the model is 0.83 and CV value is 0.9. 

Source df  SS % SS MS F 
value 

Pr > F 

Environment 7 0.0187 37.4 0.00268 26.5 <.0001 
   Location (3) 0.00826 (16.5) 0.00275 27.3 <.0001 
   Year (1) 1.16x10-5 (0.0230) 1.16x10-5 0.11 0.7360 
   Location x Year (3) 0.00129 (2.57) 0.000429 4.24 0.0076 
Block (Environment) 7 0.000103 0.205 1.47x10-5 0.15 0.9941 
Genotype 18 0.0129 25.8 0.000718 7.11 <.0001 
Environment x Genotype 72 0.00611 12.2 8.48x10-5 0.84 0.7762 
   Location x Genotype (45) 0.00412 (8.22) 9.15x10-5 0.91 0.6358 
   Year x Genotype (13) 0.000563 (1.12) 4.33x10-5 0.43 0.9548 
   Location x Year x Genotype (14) 0.00134 (2.67) 9.55x10-5 0.95 0.5151 
Error 85 0.00858 17.1 0.000101   
Corrected Total 187 0.0501     

 
 
 
 
 
 
 
 
Table B.31: Analysis of variance for DM of 18 potato genotypes in eight environments in 
the national trial. R2 value for the model is 0.79 and CV value is 1.7. 

Source df  SS % SS MS F value Pr > F 

Environment 7 0.00889 9.35 0.00127 5.32 <.0001 
   Location (3) 0.00342 (3.59) 0.00114 4.77 0.0040 
   Year (1) 0.000125 (0.132) 0.000125 0.52 0.4710 
   Location x Year (3) 0.00162 (1.71) 0.000541 2.26 0.0870 
Block (Environment) 7 0.00858 9.02 0.00123 5.13 <.0001 
Genotype 18 0.00819 8.61 0.000454 1.90 0.0261 
Environment x Genotype 72 0.0476 50.1 0.000662 2.77 <.0001 
   Location x Genotype (45) 0.0363 38.2 0.000806 3.38 <.0001 
   Year x Genotype (13) 0.00833 8.75 0.000640 2.68 0.0034 
   Location x Year x Genotype (14) 0.00817 8.59 0.000584 2.44 0.0061 
Error 85 0.0203 21.4 0.000239   
Corrected Total 187 0.0951     

 


