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ABSTRACT 

 

Effect of Temperature on the Accumulation of Oleic Acid in Modified Fatty Acid Soybean 

Lines Grown Under Field and Controlled Environments 

 

Chase Phillips       Advisors: 

University of Guelph, 2013   Dr. Gary Ablett* and Dr. Istvan Rajcan 

 

 

Soybean varieties have been developed with modified fatty acid profiles to 

address different healthy food and industrial uses of the oil. The objectives of this study 

were to determine the effects of temperature on fatty acid composition in soybeans 

with modified fatty acid (MFA) profile using a controlled environment and field 

experiments. In the controlled environment experiment, seven soybean lines were 

grown under three different day/night temperature regimes: warm (30/25°C), medium 

(25/20°C), and low (20/15°C). The low temperature produced significantly lower oleic 

acid concentration than both the warm and medium regimes. Date of planting 

treatments were used to create different growing environments for six MFA soybean 

lines in the field. The results demonstrated that high temperatures produced the highest 

levels of oleic acid in soybean seeds in both the field and controlled environments study. 

The planting dates did not have a significant effect on oleic acid levels but locations did.  

*Deceased. 
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General Introduction 

 

In the modern world, there are many concerns for the consumer, two of which 

are healthy food production and the environment. Many alterations have been made to 

crop plants through selection and breeding to help alleviate these concerns, including 

soybean (Glycine max (L.) Merrill), as a valuable oilseed and protein crop (Wilson, 2004). 

Soybean accounts for over 60% of the world’s oilseed crop production, which makes it 

the largest oilseed crop at over 265 million metric tonnes per year (USDA, 2012). Canada 

is a major world producer of soybean being ranked seventh in the world with almost 4.4 

million metric tonnes produced in 2011. Ontario produces the vast majority of that 

amount representing 75% of the Canadian production (McGee, 2012). 

Soybean is produced in large quantities because it has many different uses, that 

help to alleviate consumer concerns. From a food health standpoint, soybean is used as 

a dietary supplement to increase digestive efficiency (Torstensen, 2008), as an edible oil 

source (Akoh & Lee, 2008) due to its healthy oil profile (Dokkum et al., 1990; Mungroo, 

2008) and as a good source of essential vitamins (Ntanios et al., 2002; Macduff et al., 

2011). Soybean oil also has many industrial uses: lower emission, stable and efficient 

bio-fuel (Tat, 2007; Durrett, 2008; Hanh, 2008; Moser, 2008, Mandal, 2002; Clark, 1984), 

as a soap and cosmetic additive (Bernas, 2008), a stable and efficient reactant in many 

industrial reactions (Marchetti, 2008), and other industrial products such as lubricants, 

solvents, resins, paints, and plastics (Ehran, 2005). Some of the plastics developed are 
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better able to biodegrade, which makes them more environment-friendly than other 

materials (Lee, 1995). 

The production of plastics from renewable biomaterials such as soybean oil is 

becoming more common in the industrial world. Due to high input costs and 

environmental concerns of petroleum compared to soybean oil. Plastics are 

manufactured from compounds called polyols, which are the building blocks of 

polyurethane foams. Traditionally, polyurethane has been produced using 

petrochemical sources (Gua and Petrovic, 2005). Recently, there has begun a rapid 

switch in feedstock material in the United States from petrochemical based 

polyurethane foams to plant based polyurethane foams. It is estimated that over 770 

million kilograms of this material is used each year in the production of various forms of 

cushioning that can range from automobile seats to pillows to car door panels to 

industrial sound proofing material (PFA, 2007). 

The oil required from the soybean seed to be used for these many purposes is a 

relatively simple oil. Typically, soybean oil contains five different fatty acids as follows: 

11% palmitic acid (C16:0), 4% stearic acid (C18:0), 24% oleic acid (C18:1), 54% linoleic 

acid (C18:2), and 8% linolenic acid (C18:3), which are attached to the glycerol backbone 

(Yadav, 1996). The level of polyunsaturated fatty acids in soybean oil makes it an ideal 

choice for the creation of polyols and polyurethane foams (Gua and Petrovic, 2005). 

Soybean breeders have sought to optimize the levels of the individual fatty acids 

by modifying the fatty acid composition of the soybean seed oil. To increase health 

attributes and industrial efficiency, breeders have worked to decrease the levels of 
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saturated fatty acids in the oil (Erickson etal., 1988; Schnebly et al., 1994; Rahman et al., 

1996; Stojsin et al., 1998) and to increase the levels of unsaturated fatty acids (Rahman 

et al., 1994; Bachlava et al., 2008a; Bachlava et al., 2008b; Bachlava, 2009), especially 

oleic acid. Linolenic acid reduces stability and increases rancidity in cooking oils, 

therefore, research has been done to lower its concentration in the soybean seed oil 

(Hammond and Fehr, 1983; Fehr et al., 1992; Rahman et al, 1996; Rahman et al., 1998; 

Stojsin et al., 1998). 

Breeders have achieved many desired results under controlled environment 

conditions, but the largest source of variation in genetic expression for polyunsaturated 

soybean seed oil is the environment. Many studies have been conducted (Wolf et al., 

1982; Rennie and Tanner, 1989; Heppard et al., 1996; Lee and Oliva, 2008; Ray et al., 

2008; Ren et al., 2008) to determine the effects of environment on the fatty acid 

composition in both a general and specific targeted response. The research in this thesis 

was done in a number of different genetic backgrounds, thereby generating new 

knowledge and better understanding of modified fatty acid composition and the effect 

of the environment on fatty acid composition. 
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Literature Review 

 

Soybean Overview 

 

Soybean originated from ancient China (SOYA.BE, 2008). Records indicate that 

soybean was highly valued as far back as 2853 BC when the Emperor named them as 

one of five sacred plants (SOYA.BE, 2008). Not until a thousand years later is there 

evidence of soybean being domesticated and cultivated. Over the following two 

thousand years, soybean spread across Asia (SOYA.BE, 2008). History shows that the 

first soybeans were introduced to North America in 1765 by Samuel Bowen who 

brought them back from Asia in hopes of producing soya sauce (Brachfeld & Choate, 

2007). Soybean was grown predominantly as a forage crop in North America until 1904 

when an American chemist, G.W. Carver, showed that soybean could be a valuable 

source of both oil and protein. By 1929, an American researcher had visited China and 

amassed a large collection of genetic material but soybean was not grown across much 

of America until the 1940s (SOYA.BE, 2008). It was in the 1940s that soybean began to 

be used for human consumption on a wider scale. This was because of cottonseed oil 

shortages brought on by the Second World War and this shortage allowed soybean 

ingredients to become a part of the everyday diet of America (Brachfeld & Choate, 

2007). 

Soybean did not arrive in Canada until 1893 when Professor Charles Zavitz of the 

Ontario Agricultural College (OAC) brought them to Ontario. Professor Zavitz dedicated 

his life to adapting a Japanese Early Yellow cultivar to Ontario agriculture (Shurtleff & 
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Aoyagi, 2010). As with the United States, soybean was not widely popular in Canada 

until the First World War caused shortages in the traditionally used oil sources. Its 

popularity skyrocketed during the war (Zavitz, 1927). 

Since the Second World War, soybean has been increasing rapidly in importance 

to the world’s food supply and economy (USDA 2012). Global soybean production is 

increasing annually in recent years (USDA 2012). In 2011, world production was 264.7 

million metric tons. That production took place on 102.9 million hectares which yielded 

2.57 metric tons per hectare on average (USDA 2012). Acreage and yield were both 

projected to decrease in 2012. China is forecast to grow fewer hectares and Brazil is 

expected to have decreased yields, which has a large effect on the global market 

because China and Brazil are major producers globally (USDA 2012). The U.S.A is the 

largest soybean producing country with over 34% of the world production (90.6 million 

metric tons).  Brazil and Argentina are the next two highest producing countries in the 

world at 28.5% and 18.5% respectively (75.5 and 49.0 million metric tons). China and 

India combined represent under 10% of the world’s soybean production (24.9 million 

metric tons). Canada is the seventh largest producer of soybean in the world, producing 

4.4 millions metric tons in 2011 for a total of almost 2% of the world’s production (USDA 

2012). 

Most of the production in Canada has traditionally been in Ontario. This province 

has been responsible for approximately 75% of the Canada’s soybean production 

historically with Quebec growing roughly 18%, Manitoba 7% and PEI growing the 
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remainder (Shurtleff & Aoyagi, 2010). In 2011, 987 400 hectares were planted in Ontario 

and produced 2 966 500 metric tonnes of soybean. Besides hay, it was the most widely 

cultivated commodity in the province, particularly in southwestern Ontario (McGee, 

2012). Recent breeding efforts have seen more locally adapted cultivars being 

developed for lower maturity regions such as Manitoba and the Maritimes. 

The soybeans produced globally are processed into two main products, soybean 

oil and the high protein soybean meal which is a byproduct of the oil extraction (Cowan, 

1973). The oil in the soybean seed accounts for roughly twenty percent of the total seed 

volume; the rest is made up of the protein (40%), carbohydrates (35%) and ash (5%). 

The oil is used for a wide variety of uses which include: industrial lubricant, emulsifier, 

solvents, plastics, and bio-fuels (Erhan, 2005). The byproduct meal is used primarily as a 

feedstock for livestock. Research has shown that it can be used for human consumption 

as well. It has been used in simulated meat products, flours and other textured protein 

products (Cowan 1973). 

 

Soybean Seed Composition 

 

 The primary proteins of soybean seed are glycinin and β-glycinin. These are 11S 

and 7S storage proteins, which can comprise up to 80% of the soybean seed protein. 

Other proteins in soybean seed protein content can include lipoxygenases, trypsin and 

protease inhibitors, lectins and urease (Nielsen, 1996). 
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 Soybean oil is generally comprised of three fatty acid groups attached to a 

glycerol backbone which form triacylglycerols (TAG). There are only five fatty acids that 

are found in soybean seed oil. Approximately 11% of the soybean oil is made up of 

palmitic acid which is a saturated sixteen-carbon chain (Guo and Petrovic, 2005). Four 

percent of the soybean oil is comprised of a saturated 18-carbon chain called stearic 

acid (Guo and Petrovic, 2005). Oleic acid is an unsaturated 18-carbon chain with one 

double bond, and makes up 24% of the soybean oil (Guo and Petrovic, 2005). Linoleic 

acid comprises the majority of the soybean oil (54%) with its 18 carbons and two double 

bonds (Guo and Petrovic, 2005). It is one of two poly-unsaturated fatty acids in soybean 

seed oil. The other is linolenic acid. It has three double bonds on its eighteen-carbon 

chain and accounts for approximately eight percent of the soybean seed oil (Guo and 

Petrovic, 2005). Oleic acid is called an omega-9 fatty acid because its double bond is 

present on the ninth carbon of the chain. Linoleic has a double bond at the 9th carbon 

as well but it also has one at the 6th carbon, making it an omega-6 fatty acid. Linolenic 

has double bonds at the third, sixth and ninth carbon positions and is referred to as an 

omega-3 fatty acid (Yadav, 1996). 

 There is a documented negative relationship between the levels of soybean seed 

oil and seed protein contents (Wilcox and Shibles, 2001). There are a number of biotic 

and abiotic stresses that can accentuate and influence this relationship. In drought 

conditions, oil contents have been seen to increase (Lee et al., 2008). Warmer 

temperatures during seed fill have been seen to cause higher oil concentrations as well 
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(Wolf et al., 1982). The exact cause of this temperature phenomenon which influences 

oil and protein contents is still unknown (Wilson, 2004). 

 

Fatty Acid Biosynthesis in Soybean 

 

 Biosynthesis of fatty acid in soybean takes place in two main organelles, the 

plastid and the endoplasmic reticulum. The synthesis of palmitic, stearic and oleic acids 

happens in the plastids on acyl carrier proteins (ACP) (Yadav, 1996) because of the ACP’s 

many charged residues and low molecular mass (Harwood, 2005). Oleic acid is attached 

to a glycerol backbone in either the endoplasmic reticulum or plastid allowing it to be 

converted to linoleic or linolenic acid once it is in the endoplasmic reticulum (Yadav, 

1996). 

 There are two main enzymes involved in the synthesis of fatty acids in soybean. 

The first is Acetyl-CoA Carboxylase (ACCase) and the second is Fatty Acid Synthase (FAS). 

ACCase is responsible for the first step of the entire process when it brings together an 

acetyl-CoA and a bicarbonate to produce malonyl-CoA (Harwood, 2005). FAS is 

responsible for the rest of the process which is a series of individual enzyme activites 

(Ohlogge, 1993). The FAS system consists of two acyl transferases, malonyl-CoA:ACP 

transacylase (MCAT,) which is responsible for creating malonyl-ACP from malonyl-CoA), 

and acetyl-CoA:ACP transacylase (ACAT) (Harwood, 2005). Included also in this FAS 

system is β-ketoacyl-ACP synthase (KAS) with its three isoforms (Yadav, 1996). Each of 
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the three isoforms is responsible for a specific function in the overall synthesis reaction 

(Harwood, 2005).  

 The fatty acids produced in the plastid are transported into the endoplasmic 

reticulum by Acyl-ACP thioesterases (TE). The fatty acids are then re-esterfied and join 

the acyl-CoA pool that is within the endoplasmic reticulum (Harwood, 1998). This allows 

polyunsaturated fatty acids to be either synthesized in the endoplasmic reticulum or the 

plastid. This process is shown in Figure 1.1. In soybeans the most common pathway is 

for them to be created in the endoplasmic reticulum (Yadav, 1996). Linoleic acid is 

created by oleate desaturase, which removes a hydrogen molecule from the oleic acid 

at the sixth carbon position to create the second double bond (Yadav, 1996). Linolenic 

acid is created by linoleate desaturase which removes a hydrogen molecule from the 

linoleic acid at the third carbon position to create the third double bond (Yadav, 1996). 

The TAG backbone is assembled from the acyl-CoA pool in the endoplasmic reticulum as 

part of the Kennedy pathway (Harwood, 1998). This is demonstrated in Figure 1.1. 

 

Fatty Acid Modification in Soybeans 

 

Palmitic Acid 

 Over time, breeders have sought to lower the saturated fatty acid levels in 

various edible crops such as soybean. This has been done in attempts to make the end 

product as healthy as possible (Wilson, 2004). In regards to palmitic acid in soybean oil, 

there have been five alleles discovered that are associated with a reduction in palmitic 
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acid concentration.  The fapx allele was discovered by using ethyl methanesulfonate 

(EMS) treatment by Stojsin et al. (1998). The sop1 allele was discovered by Rahman et 

al. (1996) using X radiation. The allele fap3 was discovered through mutagenesis by 

Schnebly et al. (1994). The fapnc allele was reported by Burton et al. (1994) as a natural 

mutation to the soybean genome. Erickson et al. (1988) discovered the fap1 allele using 

EMS. Fap1, fap3 and fapx were reported by Schebly et al. (1994) and Stojsin et al. (1998) 

as being at different loci. Sop1 is independent of fap1 but all other relationships 

between Sop1 and the fap alleles are unknown (Rahman et al., 1998). 

Breeders have also sought to increase the levels of fatty acids in soybean. This is 

because it can enhance industrial usage and increase shelf life of some food products 

(Wilson, 2004). For palmitic acid, there are six known alleles that have been shown to 

elevate its levels in the soybean seed oil. These alleles have all been discovered by 

mutagenesis. The alleles are: fap2, fap2-b, fap4 (Erickson, 1988), fap6 (Narvel et al., 

2000), and fap5& fap7 (Stolzfus et al., 2000). Stoltzfus et al. (2000) reports tight linkage 

between fap5 and fap2-b as well as tight linkage between fap6 and fap7. Fehr et al. 

(1991) reported very tight linkage between fap2 and fap2-b.
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Figure 1.1 Fatty acid and TAG biosynthesis pathway in soybean seed (Adapted from Stobart et al., 1998) 
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Stearic Acid 

 

Breeders have sought to increase the levels of the neutral saturated fat, stearic 

acid for margarine production. There has been one natural allele discovered as well as 

five mutated alleles that control stearic acid in soybean seed oil. Fas
a
 was discovered by 

Hammond and Fehr (1983). Graef et al. discovered both fas
b
 and fas in 1985. Rahman et 

al. found st1 and st2 in 1997. The natural mutation was discovered by Pantalone et al. 

(2002) and was designated fasnc. Graef et al. (1985) noted that while allelic, fas
a
, fas

b
 

and fas are all different mutations of the same gene. Rahman et al. (1997) notes that 

the alleles he discovered are also mutations at completely different loci. 

Oleic Acid 

 

 The effort to develop mid to high oleic lines has been a fairly recent endeavour 

based on the literature. There has been work done in the past but most of the major 

improvements have been made in the past twenty years (Fehr, 2007). Few lines have 

been commercialized in this area considering the amount of research that has been 

done on linolenic fatty acids in soybean. In his review, Fehr (2007) provided his 

perspective and a personal history on breeding for modified fatty acid profiles including 

mid to high oleic lines. 

 In the review, it is said that the highest attained oleic acid content through 

conventional breeding is just over 70%, whereas the use of genetic engineering (Buhr et 

al., 2002) allowed the development of soybean lines that exceeded 90% oleic acid in the 
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seed. Kinney et al. (1996) have produced lines that are in excess of 80% of oleic acid, 

stable at that level, and without a significant decrease in yield (Kinney et al., 1998). Fehr 

(2007) also noted that when lines with major genes for the high oleic acid content are 

crossed with normal soybean lines, the high oleic acid trait is not consistently recovered. 

This implies that the involved alleles are most likely recessive. There is also significant 

genotype-by-environment interaction for these genes. It has been observed that the 

lines with the highest oleic acid levels are generally the best across all environments 

(Fehr, 2007). The conventional breeding has been accomplished by introgressing 

sources of high oleic acid into elite lines and recovering the desirable agronomic traits 

through backcrossing (Fehr, 2007). Using this methodology he has managed to create a 

stable line that is >50% oleic acid and ~1% linolenic acid that is acceptable for yield 

(Fehr, 2007). 

 Part of conventional breeding is finding and exploiting natural mutations in the 

soybean genome to capture desired traits (Fehr, 2007). Inducing these mutations can 

really expedite the breeding process. Using irradiation or chemicals to induce mutations 

can be very helpful in many breeding programs. Patil et al. (2007) used mutagenesis to 

try and improve the oil quality of soybeans. The study used gamma radiation as well as 

ethyl methyl sulfonate (EMS) treatments on a soybean line called MACS 450 to create 

mutants. There were seeds that were treated with just gamma radiation, seeds that 

were treated with just EMS, and seeds that were treated with various combinations of 

the two mutagens (Patil et al., 2007). The resulting mutants showed significant 

variability for all the fatty acids excluding palmitic acid. The variability was skewed 
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towards lines with high oleic acid and lines with low linolenic acid (Patil et al., 2007). The 

desirable lines were grown for multiple generations. Lines of the M3 and M4 generations 

with desirable mutant traits were evaluated for the stability of those traits. Only high 

oleic mutants were stable in these higher generations (Patil et al., 2007). Other quality 

parameters were measured for the desirable lines over the multiple generations. The 

study showed that high oleic variants were positively correlated with higher quality oils 

(Patil et al., 2007). The determination of oil quality was based on the oxidative stability 

as well as overall nutritional quality (Patil et al., 2007). The authors of this study 

recommend these high oleic mutants be used in a breeding program to further increase 

the oxidative and general nutritional quality of soybean oil (Patil et al., 2007). 

 Alt et al. (2005) evaluated three populations to determine if there was any 

transgressive segregation that could lead to higher levels of oleic acid. Three mid-oleic 

lines were all single crossed to each other to form populations that yielded differing 

allelic combinations (Alt et al., 2005). The study was done in three different locations 

and lasted for a number of years. All the locations used in this study were in the 

southern regions of the United States (Alt et al., 2005). The researchers found that the 

environment had a very strong influence on the level of oleic acid found in the soybean 

oil (Alt et al., 2005). They reported that, based on the levels of oleic acid being higher in 

the progeny than in the parent, there was a transgressive segregation taking place in the 

populations (Alt et al., 2005). Some crosses produced a larger number of higher oleic 

segregates than the others. The highest oleic acid content progeny from each cross was 

significantly higher than any of the parents (Alt et al., 2005). It was concluded that these 
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segregates should be useful as parents in a breeding program designed to develop mid 

to high oleic acid soybean lines (Alt et al., 2005). 

 Improvements in oleic acid accumulation have also been studied on a genetic 

level. Bachlava et al. (2008a) studied the heritability of oleic acid in seeds and examined 

correlations among oleic acid and other fatty acids as well as agronomic traits. This was 

done using three soybean populations that were segregating for both major and minor 

genes. The populations consisted of 721, 118, and 231 lines, which provided a large 

sample size for determination of genetic parameters (Bachlava et al., 2008a). This is 

important in the development of higher oleic lines because it will help to isolate any 

specific genes that are crucial in oleic acid genetic variation. This study gave an estimate 

of heritability of oleic acid content (76%-88%) in soybean lines that can be used in 

breeding programs to accelerate the development of higher oleic soybean lines. It also 

demonstrated strong negative correlations among oleic and each of palmitic, linoleic, 

and linolenic acids in all populations suggesting that raising the levels of oleic acid in the 

seed may lead to reduction in the levels of the other fatty acids (Bachlava et al., 2008a). 

The study also showed a negative correlation between oleic acid and yield but a positive 

correlation between yield and each of palmitic, linoleic, and linolenic acids in one of the 

populations (Bachlava et al., 2008a). This is consistent with the previously mentioned 

correlation and is a function of the biosynthetic pathway of oleic acid. (Bachlava et al., 

2008a)  
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 Bachlava et al. (2008a) also noted that there were various alleles at the FAD 

locus of soybean, which were involved in the genetic variation of oleic acid content. 

Manipulating these loci, specifically the FAD2-1 gene, can lead to higher oleic acid 

content in soybean lines. Bachlava et al. (2008b) attempted to map these loci and 

investigate further the link between the FAD2-1 and FAD-2 loci and higher oleic acid 

content using the same three populations. A linkage analysis was conducted for two of 

the populations leading to the discovery of quantitative trait loci (QTL) linked to simple 

sequence repeat markers, which could be used in marker assisted selection. (Bachlava 

et al., 2008b) This discovery will also aid in the accelerated development of higher oleic 

soybean lines. 

 

Linoleic Acid 

 

 Because linoleic acid is already relatively high in soybean oil there has been little 

research conducted specifically on this fatty acid. Yadav (1996) showed that levels of 

linoleic acid could be severely reduced. However, there have not been allelic 

designations created to mark any genetic mutations in linoleic acid in the literature. 

 

Linolenic Acid 

 

Linolenic acid has received the most attention in recent years. This is likely 

because of food and industrial applications. Many facets and mechanisms involving this 
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particular fatty acid have been studied. Many researchers, such as Rahman (1997), have 

attempted to lower the overall content of linolenic acid in the soybean. This has been 

done because linolenic acid is responsible for the undesirable odours and off flavours 

that are commonly associated with poor oil quality (Dutton, 1951).  

Walker and Fehr (1998) reported that there are three alleles that are theorized 

to control the production and accumulation of linolenic acid, fan1, the fan1(A5), and the 

fan 2 alleles. The major discovery of this group is the fan1 (A5) allele, which is unique to 

the A5 soybean line. The A5 line was developed by Fehr and his group in 1983 by 

applying ethyl methanesulfonate (EMS) to the seed as a form of chemical mutagenesis 

(Fehr et al., 1983). Over the years, there have been a number of different groups who 

have developed lines that are low in linolenic acid including: C1640 by Wilcox and Cavins 

(1986), A16 by Fehr and his group (1992), Burton and his group developed N78-2245 

(1981), N87-2120-3, and N87 2122-4 (1994). All these cultivars range between the 

normal 8% to a much lower 2% linolenic acid content. 

Work has also been done on these lines to determine their adaptation and 

tolerance of extreme temperatures. Wilcox & Cavins (1992) looked at the response of 

planting date on low linolenic lines vs. normal soybean cultivars. Rennie and Tanner 

(1989) looked at the effect of extreme temperature on soybean lines. Collins and 

Sedgewick (1959) evaluated similar lines that were growing in both the northern and 

southern extremes of their adapted range. These studies are further discussed in the 

next section. 
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Research has been carried out to determine if reduced linolenic lines were better 

for human health. Lu et al. (1997) studied the differences among a reduced line, A16 

and several other lines. They found that although A16 is no different in its effect on the 

blood, it has much higher oxidative stability, which makes it a good alternative to many 

partially hydrogenated soybean oils (Brummer et al., 1995). 

 

Environmental Effects on Fatty Acid Composition 

 

 Besides studying the genetic basis of altered fatty acid profiles in soybean, there 

has been a strong effort to determine the stability of these new traits. This is generally 

done by growing altered fatty acid lines in various environments, which can quickly be 

simulated by growing the lines in different temperature regimes. 

 Rennie and Tanner (1989) studied the fatty acid composition of soybean oil 

when the plants were grown at extreme temperatures. Their primary objective was to 

assess the linolenic fatty acid levels at various temperature regimes. The effect that the 

reduced linolenic acid had on the other fatty acids was also an area of interest. For this 

experiment they used 40/30, 28/22, 15/12 °C day/night temperatures (Rennie and 

Tanner, 1989). Under these conditions, five lines known to have low linolenic acid were 

grown along with a high stearic acid line and two regular cultivars with three replicates.  

It was found that in the high temperature range and in the low temperature range, the 

linolenic acid levels were lower than any others reported at the time of the study 

(Rennie and Tanner, 1989). The linoleic acid and stearic acid levels were also lower in 
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the high temperature range (Rennie and Tanner, 1989). The same held true for the 

palmitic acid. Oleic acid content in the high temperature range was found to be higher 

than any documented field values. It was also lower in the low temperature range 

(Rennie and Tanner, 1989). The authors concluded that temperature combined with 

genetic combinations can provide previously unreachable levels of fatty acid content in 

the soybean oil, and also that avoiding low temperatures can help maintain these levels 

(Rennie and Tanner, 1989). 

 Primomo et al. (2002) examined the genotype by environment interactions, 

stability, and agronomic performance of soybean lines with altered fatty acid profiles. 

This study evaluated the altered fatty acid genotypes over three years at four different 

locations. The author divided the seventeen genotypes into nine distinct categories 

based on the specific alterations to the fatty acid profile. Based on the results, stability 

was measured using “b-values”. From the data, it was determined that, overall, the 

altered genotypes were on average more stable for fatty acid concentration than the 

normal lines over the different environments. Of relevance to this thesis, is that the RG9 

line’s mid oleic property was thought to be controlled by a single major gene and was 

deemed to be of average stability (Primomo et al., 2002). There were no significant 

differences in the agronomic traits among the normal and altered lines except yield. For 

Primomo et al. (2002) all the mutated lines were lower yielding. This is thought to be 

caused by deleterious mutations that were the result of chemical mutation using EMS. 

There were also significant genotypic by environment interactions. It was found that on 

average, there were significant differences among years due to varying weather 
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(Primomo et al., 2002). Notably, oleic acid content was consistently lower in low 

temperature environments (Primomo et al., 2002). 

 Oliva et al. (2006) looked specifically at the stability of the fatty acid profile in 17 

soybean genotypes with altered seed oil composition that were grown at 5 different 

locations with two planting dates for each location. Thirteen of the 17 lines had altered 

fatty acid profiles. The plants were primarily evaluated during the last thirty days of the 

reproductive cycle (Oliva et al., 2006). It was determined that all three unsaturated fatty 

acids were strongly correlated with temperature and that mid-oleic genotypes were less 

stable than normal oleic lines (Oliva et al., 2006). Both linoleic and linolenic acids were 

lower in the higher temperature areas (Oliva et al., 2006). It was concluded that 

breeding programs that develop mid-oleic soybean lines should evaluate this material 

over several environments to ensure the trait is stable (Oliva et al., 2006). 

 Using three populations, Bachlava et al. (2009) found that oleic acid content had 

a strong positive correlation with average daily temperatures for the seed filling stage in 

late maturing lines and was negatively correlated for early maturing lines. The seed 

filling stage for the late maturing lines occurred at higher temperatures than for early 

maturing lines. They also found that oil content was positively correlated with average 

daily temperature for the seed filling stage in both early and late maturing lines, which is 

consistent with previous reports (Bachlava et al., 2009). A difference is that in this 

particular study, the maximum, minimum, and average daily temperatures were all 

highly related to the oleic acid accumulation across all environments during the seed 
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filling stage of development. The researchers concluded that they were unable to 

definitively determine which of the three temperatures had the most impact on the 

accumulation of oleic acid in the southern United States (Bachlava et al., 2009). 

 The effect of environment on soybean seed composition was studied using a 

cross between a low palmitic acid line and a high stearic acid line to create a 

recombinant inbred line (RIL) population (Hou et al., 2006). This population was grown 

in the field in three locations for two years. It was reported that the year had more of an 

effect on palmitic acid, stearic acid, and oleic acid, whereas the location had a greater 

effect on linoleic acid and linolenic acid (Hou et al., 2006). Minimum temperature was 

more variable among years than among locations and the minimum temperature during 

the seed filling period had the greatest effect on the ratio of saturated vs. unsaturated 

fatty acid rather than the average daily temperature or the maximum that had the rate 

limiting effect (Hou et al, 2006). This suggested that cooler temperatures in the fall had 

a strong influence on the composition of the soybean seed (Hou et al., 2006).  

 Once it was discovered that the composition of the soybean seed differed under 

different environments it was necessary to determine exactly how that composition 

could be manipulated to suit the researcher’s needs. Ray et al. (2008) examined the 

effects of manipulating the planting date on the fatty acid composition. The study used 

eight modified fatty acid lines and four lines with normal fatty acid composition. The 

modified lines consisted of five low palmitic acid lines, two low palmitic acid and 

linolenic acid lines, and one low linolenic acid line. They planted these twelve lines at 
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two planting dates, one that simulates a full season and crop and one that simulates a 

double cropping scenario over three years. The study found that the agronomic traits, 

such as plant height, lodging, maturity, seed size and seed quality, could significantly be 

manipulated with planting date changes (Ray et al., 2008). The levels of palmitic acid 

and linolenic acid in the seed could also be significantly reduced with varying planting 

dates but it was found that the extent of the reduction varied among genotypes (Ray et 

al., 2008). This indicated that certain genotypes could be more sensitive to 

environmental changes than others. If planting date could be used to manipulate the 

fatty acid profile of the seed then it is reasonable to expect that other changes or 

stresses could influence fatty acid composition in soybean. 

 The effect of water availability during the growing season on fatty acid 

composition has also been studied. In soybean, Lee et al. (2008) studied the effects of 

irrigation on the unsaturated fatty acid content of soybean seed oil using genotypes that 

differed in their seed fatty acid profile. Seven modified fatty acid lines were included in 

the study including elevated oleic lines, reduced linoleic lines, and combinations of 

those two modifications (Lee et al., 2008). These lines were grown in one irrigated and 

one rain-fed treatment across four different environments over two years. The study 

was unable to recover any significant effects of irrigation of the unsaturated fatty acid 

accumulation in any of the lines studied (Lee et al., 2008). Nevertheless, the irrigation 

treatment did have some desirable effects on the oleic and linolenic acid contents (Lee 

et al., 2008). The oleic acid accumulation was higher in one of the nine lines studied and 

the linolenic acid accumulation was lower in two of the nine lines grown under 
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irrigation. (Lee et al., 2008). The results would suggest that, genetics and irrigation could 

be combined with planting date, among other things, to manipulate the fatty acid 

profile of soybean seeds (Lee et al., 2008). 

 In a recent review Upchurch et al. (2008) reported on the activity of key fatty 

acids in determining a plant’s ability to defend itself, especially how oleic acid responds 

under abiotic stresses, such as temperature. This may explain the differences in the fatty 

acid accumulation in different environments as mentioned above. In low temperature 

situations, the plant accumulates and maintains higher levels of polyunsaturated fatty 

acids (Upchurch et al., 2008). This aids in the normal formation of chloroplast 

membranes and overall survival (Routaboul, 2000; Iba, 2002). Mutants that lack the 

ability to accumulate these fatty acids will likely become chlorotic and die (Upchurch et 

al., 2008). Similarly, under elevated temperature conditions it is the high levels of oleic 

acid and the saturated fats that enhance the plant’s survival ability. Plants with 

polyunsaturated fats tend to experience a thermal denaturation of photosynthetic 

machinery proteins in the chloroplast membranes (Iba, 2002). It was shown that under 

higher temperature conditions, the membranes contain more unsaturated fatty acids to 

become more fluid for internal reactions (Upchurch et al., 2008). This causes the release 

of oleic acid, generated from linolenic acid, into the cells as is often the case during 

programmed cell death and other various processes of a plant’s self defense network 

(Upchurch et al., 2008). The mechanisms that the plant uses to survive extreme 

temperature conditions directly affect the fatty acid composition of the seed with 

temperature being the main factor (Upchurch et al., 2008) 
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Polyols and Bio-Plastics 

Vegetable and specifically soybean oils have been increasingly used in polyol 

production. Over 2.4 million tones per year of polyols are consumed in the production 

of polyurethanes in the United States alone (Gua and Petrovic, 2005). Polyurethanes 

made from polyols are considered one of the most versatile compounds on the planet 

as they can be used to make foams, cast resins, coatings, adhesives, sealants and more 

(Gua and Petrovic, 2005). These compounds are used everyday in building construction, 

automotive parts, consumer products, and medical supplies (Zhang et al., 2007). Polyols 

developed from vegetable oil are a new and renewable way to create these useful 

compounds. However, studies in the area of polyol production from plant oils relating to 

polyurethane properties have been largely lacking (Gua and Petrovic, 2005). Four 

methods of turning the fatty acid chains on the triglycerides of oils into polyols have 

been reported (Gua and Petrovic, 2005). The first method, epoxidation, unsaturates 

fatty acids which opens rings in the fatty acid chains and causes proton donation. This 

generally results in secondary OH groups being formed. The result is a hydroxylated oil 

which is a polyol (Gua and Petrovic, 2005). The second method, hydroformylation, 

causes aldehyde oils to be reduced which cause the formation of primary OH groups. 

The result is hydroxymethylated oil which is a polyol (Gua and Petrovic, 2005).  The third 

method, transesterification, sees two thirds of the triglyceride cleaved off through 

transesterification resulting in a monoglyceride polyol (Gua and Petrovic, 2005). The 

fourth method, microbial conversion, is when microbes convert the triglyceride into a 

polyol by removing key molecules to create OH groups. Unsaturated oils are required 
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for these processes; and oleic acid seems to be the most stable of the three unsaturated 

fatty acids found in soybean oil due to its single double bond (Gua & Petrovic, 2005). 

 

Hypotheses and Objectives 

The hypotheses of this thesis were 1) a higher percentage of oleic acid 

accumulates in soybean seeds under higher than average temperatures; and 2) different 

planting dates affect oleic acid accumulation due to different growing conditions. The 

objectives of this thesis were: 1) to determine if and how the growing temperature 

affects the production and accumulation of oleic acid in the fatty acid profile in selected 

soybean lines and, 2) to determine the effect of planting date and location on the 

production and accumulation of oleic acid in the selected lines.  

 

  



27 
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Abstract: 

As non-renewable resources such as petroleum become less plentiful, plant breeders 

have used genetics to modify the fatty acid profiles of soybean to develop many new 

uses for the soybean oil. The objective of this study was to determine if and how 

temperature affects the production and accumulation of oleic acid in selected modified 

fatty acid lines in a natural environment. There were six lines in the experiment: RG9, 

RG27, MFA0701-01, and MFA0701-05 as mid oleic lines; RG25 as a mid linoleic line; and 

RCAT Pinehurst as a normal cultivar. These lines were planted at one location in 2008 

and three locations in 2009. The soybean lines were planted at three staggered planting 

dates to create three separate growing environments. The earliest date would provide 

the warmest environment for the lines during the seed filling period. The experiment 

was run as a split plot with three replicates at each location. The harvested seed was 

analyzed using gas chromatography to determine the fatty acid content whereas 

agronomic measurements were taken in the field on plant height, days to flower, days 

to beginning pod, and days to maturity during the growing season. In 2008, the results 

showed that the seed produced in the earliest planting date with the warmer 

environment resulted in the highest oleic acid content in all six lines. In 2009, due to a 

more neutral climate throughout the growing season, no significant difference was 

detected among the planting dates. RG9 had the highest oleic acid content in both years 

averaging between 40% and 50% oleic acid. The results of this experiment suggested 

that the early planting date may result in enhanced oleic acid concentration and that 

RG9 was the most suitable mid-oleic line. 
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Introduction 

Soybean breeders have used many different methods to modify the oil over the 

years for a number of reasons. As a result, breeders have developed new varieties of 

soybeans that yield custom “designer” oils. These custom oils can benefit specific end 

uses such as improved oil characteristics for food preparation and human health, 

industrial lubrication, plastic development, as well as a number of other industrial 

purposes. Breeders have used different methods to modify the fatty acid profile of 

soybean oil, including traditional breeding and recurrent selection, mutagenesis, and 

genetic engineering. The resulting modifications include reduced and elevated individual 

fatty acid levels, which can affect the end characteristics and uses of the oil (Wilson, 

2004). 

Genetic manipulation is only one way to change the characteristics of soybean 

oil. Environment plays a big role in determining the fatty acid content of soybean oil. 

This is especially true during the reproductive phase of plant development, primarily the 

oil deposition phase (R5 - R8) (Fehr and Caviness, 1971). When soybean seeds fill in 

warmer conditions higher levels of some fatty acids are produced while others are 

reduced (Rennie and Tanner, 1989; Ray et al., 2008; Ren et al., 2009). Oleic acid is one 

that responds positively to warm temperature (Primomo et al., 2002) at the expense of 

linoleic and linolenic expression. The two saturated fatty acids, stearic and palmitic, 

were not significantly affected by environmental change; variation in these fatty acids is 

primarily genetically based (Rennie and Tanner, 1989; Ray et al., 2008; Ren et al., 2009). 
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The decrease in polyunsaturated fatty acid is due to decreased expression of the FAD2-1 

gene which is responsible for the desaturation of oleic acid (Heppard et al., 1996).  

To test how environment can affect the phenotype of a soybean plant, studies 

need to be conducted in different growing environments. Because of geographic 

limitations an easier way of achieving this would be to plant genetic material at different 

planting dates which would in effect change the environment in which the oil is 

deposited in the seed. This allows the testing of environments to occur at the same 

geographic location. However, varying the location is also necessary to account for the 

effects of other factors such as soil type and precipitation. Experimenting with multiple 

factors in this way allows researchers to better quantify any interactions among factors 

thereby providing breeders with a better understanding of the factors involved leading 

to the development of altered fatty acid soybeans. 

The objective of this study was to determine temperature effects on the 

production and accumulation of oleic acid in the oil in selected, modified fatty acid 

soybean lines using planting date, locations and years as factors. 

 

 

Materials and Methods: 

 

 

Plant Material: 

 

Five modified fatty acid soybean lines and one traditional soybean cultivar were 

grown at all the locations in this experiment. RG9 is a mutant line that was created by 

applying ethyl methane sulphonate (EMS) to Elgin 87. It was developed at Ridgetown 

Campus of the University of Guelph by Dr. Gary Ablett and is considered as a mid-oleic 
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mutant soybean line that can produce up to 30% oleic acid in the oil. RG25 is a mutated 

mid-linoleic line that was also developed at Ridgetown Campus of the University of 

Guelph and is the result of a cross between CLP-1 (low palmitic acid mutant derived 

from a mutation of C1640) (Stojsin et al., 1998a) and ELLP-3 (low palmitic acid mutant 

derived from a mutation of Elgin 87) (Stojsin et al., 1998b). RG27 was also developed at 

Ridgetown Campus of the University of Guelph by Dr. Gary Ablett. It is a mid-oleic line, 

which has similar oleic acid levels as RG9. RG27 is the result of the three-way parental 

cross of RCAT 9203 x (AN145-70 x 4475). RCAT 9203 is a breeding line from the cross of 

Hack and Gnome 85. AN145-70 is the result of a cross between A5 and N78-2245. 4475 

is a low linolenic mutant from EMS mutation of C1640. RG 27 can produce, on average, 

38-40% oleic acid. These three lines are breeding lines used in the soybean breeding 

programs of the University of Guelph that are adapted to production in Southwestern 

Ontario. MFA 0701-1 (MFA1) and MFA 0701-05 (MFA5) are mid-oleic lines that were 

also developed by Dr. Gary Ablett at Ridgetown Campus of the University of Guelph. 

MFA 0701-01 is derived from a cross of RG9 and RCAT Dover. MFA 0701-05 is derived 

from a cross of RCAT Dover and N98-4445A. These lines are also used in the soybean 

breeding programs of University of Guelph and are adapted to Southwestern Ontario as 

well. The traditional soybean cultivar used as a check is the commercially available, 

locally adapted cultivar RCAT Pinehurst of maturity group 2.3 developed by Dr. Gary 

Ablett at Ridgetown Campus of the University of Guelph. The guard rows at each site 

were planted with a commercially available cultivar, Katrina, which matures earlier than 
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any of the lines in the experiment to ensure that it is ready to harvest at the appropriate 

time and act as a benchmark for maturity. 

Field Experiments: 

 In 2008 the experiment was conducted at Ridgetown Campus of the University 

of Guelph (RCAT08) in Southwestern Ontario. In 2009 the experiment was conducted at 

three sites. These included Ridgetown Campus of the University of Guelph in Ridgetown, 

Ontario (RCAT09), Agriculture and Agri-food Canada Research Centre at Harrow, ON 

(Harrow09), and with a farmer cooperator near Inwood, ON (Inwood09). The six lines 

were grown in a split plot design with planting date as the main plot factor and the 

cultivars as the sub-plot factor. This experiment was grown as a planting date study and 

the field layout consisted of three blocks, as replicates. Each block contained all six 

cultivars planted at the three different timings. The first planting date was in early May 

of each year followed by a second planting date 10 to 14 days later and a third one 10 to 

14 days after the second. The planting dates at RCAT08 were May 9, 2008; May 23, 

2008; and June 7, 2008. The planting dates at RCAT09 were May 8, 2009; May 27, 2009; 

and June 9, 2009. The planting dates at Harrow were May 13, 2009; May 25, 2009; and 

June 10, 2009. The planting dates at Inwood were May 26, 2009; June 11, 2009; and 

June 25, 2009. 

 Plots were all planted five rows wide with a row spacing of 43 cm and a length of 

four meters. Five hundred seeds were planted in each plot. The plots were trimmed to 

3.79 meters in length during the season to maintain plot dimension uniformity. This 
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resulted in a plant density of 58 plants per square meter. In order to minimize the 

border effect, the inner three rows were harvested for the study (Figure 2.2). The seed 

bed was prepared with conventional tillage and was fertilized according to soil test 

results. Weeds were removed by hand in this trial. The material was harvested and 

stored in October of each year. 

 

Field Data Collection: 

 A number of measurements were taken on all the plots throughout the growing 

season: seedling vigour (1-9 scale where 1 is excellent and 9 is very poor), emergence (1-

9 scale where 1 is excellent and 9 is very poor), days to R1 stage, days to R5 stage, days 

to R7 stage, days to R8 stage, and plant height (from soil to the top of the chosen plant). 

Yield was measured in grams per plot and later converted to standard yield units 

(kg/ha). Seed protein and oil composition were also measured using a Near Infrared 

Transmission (NIRT) analyzer (Foss Electric, Eden Prairies, MN). Fatty acid composition 

was measured using an HP 6890 gas chromatograph (Hewlett Packard, Palo Alto, CA). 

 The method used to determine the fatty acid composition via the gas 

chromatograph was based on Tagaki (1989). A 10-g representative sample of the seed 

harvested from each plot was dried in a three hundred degree Celsius oven overnight. 

The seed was ground into flour the following day. The oil was extracted from the 

powder by adding a 0.6-ml volume of 0.25 M KOH solution then vortexed for fifteen 

seconds before placing it in a 60⁰C hot water bath for one minute. The solution was 

then allowed to cool to room temperature. Once cooled, 2.0-ml of saturated NaCl 
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solution and 1.5-ml iso-octane were added to the solution. The samples were then 

vortexed for 30s and centrifuged before allowing the phases of the solution to separate. 

From each sample, a small amount of material was collected from the top layer and 

transferred to a small autosampling vial and diluted with 1.5-ml of iso-octane. The 

samples were labeled and loaded on the Hewlett Packard 6890 Series Gas 

Chromatograph (GC) (HP, Palo Alto, CA). The GC analyzed the samples for fatty acid 

composition using a Flame Ionization Detector (FID), and a 15 mm long and 0.25mm in 

diameter capillary column. During each run of the GC the oven was set to 180°C and 

increased to 240°C over ten minutes. The setting for the inlet temperature was 290°C 

and the temperature of the detector was 330°C. The carrier used was helium gas at a 

flow rate of 3.3 ml/min. A hydrogen flow rate of 45ml/min and an air flow rate of 450 

ml/min were used during for the FID. The data was delivered to a computer running 

HP’s ChemStation software. The software provided the integrated peak areas from 

which the percentage of each fatty acid was calculated. 

 Environmental information was collected from the online resource of 

Environment Canada National Climate Data and Information Archive (Environment 

Canada, 2011). The weather stations nearest to the experimental sites were used. For 

the Ridgetown site, the Ridgetown Campus Station was the source of the data, for the 

Harrow site, the Harrow CDA Auto Station source, and for the Inwood site, the Petrolia 

Rokeby Station was the source of the data. The weather stations for Ridgetown and 

Harrow were in the experimental fields or very close. The station used for Inwood was 

approximately 10 km away from the field. The data gathered from archive was used to 
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determine monthly maximum, minimum and mean temperatures and ranges of 

extremes for each. The data was also used to tabulate the monthly precipitation and to 

calculate crop heat unit (CHU) accumulation for the growing seasons at each site by 

month. 

 

Statistical Analysis: 

 A mixed analysis (PROC MIXED) was done in SAS version 9.1 (SAS Institute Inc., 

Cary, NC). The dependent variable of this analysis was the percent of oleic acid. The 

model had cultivar, planting date, and cultivar by planting date as fixed effects and 

location as a random effect. Several interactions were included in the model: planting 

date by location, planting date by block within location, cultivar by location, cultivar by 

block within location, and cultivar by planting date by location (Table A1.1). The Type I 

error used in this experiment is (p=0.05). Least significant differences were calculated 

using Fisher’s Protected LSD test. Contrasts were used to compare temperature 

treatments. For these analyses, it is assumed that the model was linear and additive. It 

was also assumed that the experimental errors are random, independent, normally 

distributed, about a mean of zero, and have common variance. The linearity of the 

model was tested using a General Linear Model to examine the appropriateness of fit of 

the partitioned polynomials. A series of graphs was used to test the independence, 

randomness, and mean of error around zero. The normality of the error variance was 

tested using a univariate analysis to conduct a Shapiro-Wilks test. 
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Results and Discussion: 

 Between the years of testing and also among the locations, the observations of 

the measured traits varied considerably (Table 2.1) implying that each location-year 

produced a unique environment in which to test the material (Table 2.2). Within those 

unique environments, further differences in growing conditions were created with 

varied planting dates. These modified growing conditions affected the performance of 

the lines in the experiment (Table 2.3).  

 Average seed grain yield was highest at Harrow (3442 kg/ha) on average (Table 

2.1) and in RCAT Pinehurst (2181 kg/ha) on average (Table 2.2) and lowest at Inwood 

(977 kg/ha) and for RG27 (1626 kg/ha). These results were expected as Harrow 

accumulated the highest CHUs and Inwood accumulated the lowest CHU (Table 2.3).  

The Inwood site also had emergence issues due to soil crusting which could have further 

impacted plant development and finally seed yield. The number of days to R5 was not 

collected at Harrow due to a clerical error but historical data would show that it has a 

long growing season, and was likely the longest in the study in an average year and is 

also the warmest during R5 to R8. Inwood had the smallest number of days to R5 in the 

study (Table 2.5) and accumulated the lowest CHU and had the lowest average 

temperature for R5 to R8. A longer growing season means that the plants have a longer 

period in which to develop and accumulate CHUs which in turn allows for better seed 

production. Another factor that affected seed yield is that the Harrow soil type was 
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Harrow loam (Richards, 1949) which is much lighter than at Inwood where there soil 

type is Lambton Clay (Matthews and Richards, 1957). The varietal difference in min/max 

values for grain yield indicated that RCAT Pinehurst was highest yielding being a 

commercial line that is locally adapted and bred to produce high seed yields (Table 2.4). 

RG27 is a modified fatty acid soybean line that is valued more for its high oleic acid 

content than for its grain yield and may contain other mutations. 

Seed protein content was highest at Ridgetown in 2009 (440 g kg
-1

)(Table 2.1) 

and for RG27 (443 g kg
-1

) on average and was lowest at Harrow (404 g kg
-1

) and for RG9 

(419 g kg
-1

). On average, seed oil content was highest at the Harrow (222 g kg
-1

) location 

and in RG9 (207 g kg
-1

) line. On average, seed oil content was lowest at Inwood (189 g 

kg
-1

) and in MFA5 (186 g kg
-1

). Locations with higher seed oil had lower levels of seed 

protein (Table 2.2), which is consistent with the existing literature (Hymowitz et al., 

1972; Wilcox & Shibles, 2001). The results indicated that less seed oil content was 

accumulated in cooler environments during the seed fill period as Inwood had the 

lowest level of seed oil content (Table 2.2) and was the coolest location (Table 2.5). Due 

to the negative correlation between seed oil content and seed protein content, it 

follows that cooler environments will produce seeds with higher seed protein content. 

This was the case in Ridgetown in 2009, as it had the lowest mean daily temperature in 

every month of the growing season (Table 2.3). Harrow produced the least protein and 

it accumulated the most CHUs over the growing season, especially during the seed filling 

period. Harrow did not have the highest mean daily temperature every month but 

accumulated the most CHUs (Table 2.3). The results of this study support the existing 
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literature by demonstrating that higher temperatures during the seed filling period will 

result in higher seed oil content and thus lower seed protein content (Tables 2.5 & 2.2). 

Environmental conditions played a major role in the fatty acid composition of 

the seed oil content. This study measured the fatty acid composition as a percentage of 

total seed oil content. The highest levels of palmitic acid were recorded at Harrow (92.1 

g kg
-1

) (Table 2.2) on average and in cultivar RCAT Pinehurst (107.2 g kg
-1

) (Table 2.1). 

The lowest levels of palmitic acid were obtained at Inwood (85.4 g kg
-1

) (Table 2.2) and 

in cultivar RG25 (44.3 g kg
-1

) (Table 2.1) on average. Levels of palmitic acid were within 

typical levels for the study based on the current literature. Ridgetown in 2008 had the 

highest average levels of stearic acid (43.5 g kg
-1

) (Table 2.2) and it was highest in line 

RG27 (48.5 g kg
-1

) (Table 2.1). Stearic acid levels were the lowest on average at 

Ridgetown in 2009 (39.0 g kg
-1

) (Table 2.2) and in line RG25 (33.5 g kg
-1

) (Table 2.1). 

These results were also typical of levels exhibited in the current literature (Rennie and 

Tanner, 1989; Heppard et al., 1996; Ray et al., 2008; Ren et al., 2009; Bachlava et al., 

2009). Total saturated fatty acid levels did not exceed 150 g kg
-1

 in this study, which is 

consistent with the typical fatty acid composition of the seed oil (Wilson, 2004). 

Linolenic acid levels were highest on average at Inwood (83.4 g kg
-1

) (Table 2.2) 

and for RG9 (97.6 g kg
-1

) (Table 2.1) and lowest at Harrow (63.4 g kg
-1

) (Table 2.2) and in 

RG25 (47.7 g kg
-1

) (Table 2.1). This is consistent with the current understanding of how 

the unsaturated fatty acid biochemical pathway operates. Warmer temperatures favour 

the production of oleic acid rather than linoleic and linolenic (Rennie and Tanner, 1989; 
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Heppard et al., 1996; Ray et al., 2008; Ren et al., 2009; Bachlava et al., 2009). This would 

imply that linoleic levels should also be relatively low, which is supported by the results 

of this study.  

The highest levels of linoleic acid were at Harrow (520.6 g kg
-1

 on average) (Table 

2.2) and in line RG25 (652.4 g kg
-1

) (Table 2.1). The lowest linoleic levels averaged of 

469.7 g kg
-1

 were obtained at Ridgetown in 2008 (Table 2.2) at 405.5 g kg
-1

 in line RG9 

(Table 2.1). This is consistent with the climate data as Ridgetown had higher daily mean 

temperatures during the key seed filling month of August in 2008 than did Harrow in 

2009. 

The higher temperatures during key seed filling period of R5 to R8 would imply 

that Ridgetown in 2008 would have the highest levels of oleic acid, which was confirmed 

by the observations. Oleic levels at Ridgetown in 2008 averaged 327.9 g kg
-1

 (Table 2.2) 

and were highest in RG9 (361.1 g kg
-1

) (Table 2.1) on average. Oleic acid levels were 

lowest at the coolest location, Inwood (Table 2.4), which averaged 276.1 g kg
-1

 oleic acid 

(Table 2.2) and line RG25 accumulated the lowest level of 221.8 g kg
-1 

(Table 2.1). This 

result was expected because RG25 is a modified soybean line that has been bred to 

produce higher levels of linoleic acid which allowed it to have the highest level of 

linoleic acid of any of the lines tested, on average. 

There was no significant difference of the harvest moisture among varieties. This 

is accounted for by all the varieties being of similar maturity. The material was not 

harvested until plots of the last planting date reached full maturity allowing for all the 
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lines in each planting date to dry down to a similar level. There was some difference 

between the harvest moisture among locations. This is because each location received 

differing levels of precipitation and mean daily temperatures as observed in Table 2.3 as 

well as different soil types at the individual locations. 

 The study also looked for differences caused by planting dates as well locations 

in relation to varieties (Table 2.5). Grain yield and harvest moisture were not affected 

planting date. The seed oil levels decreased with later planting dates in all varieties 

except RG25 (Table 2.5). The number of days to R5 showed the strongest relationship 

with later R5 dates obtained at later planting dates. All of these values were cultivar 

independent as the planting dates got later in the growing season. 

 There were differences among the varieties tested for individual traits caused by 

the planting dates as observed in the fatty acid profiles. It has been reported previously 

that fatty acid levels are influenced by environmental conditions. The staggered planting 

dates created variation in each location. The plants of the first planting date reached R1 

and subsequently R5 at earlier dates than did the plants of the second and third planting 

dates (data not shown). This meant that the weather conditions, for the most part, were 

cooler at R1 for the plants of the first planting date and they experienced warmer 

conditions at R5. This is important because timing of R1 was less stressful than that for 

plants of the later planting dates and their seed filling period was warmer. It was 

previously stated that warmer seed fill conditions allowed for increased levels of dry 

matter accumulation and higher seed quality.  
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Each line responded differently to these modified environments in regards to 

their fatty acid compositions. Some varieties showed downward trends for individual 

fatty acids, while others showed upward trends. The most important fatty acid to this 

study was oleic and it has been graphically represented in Figure 2.1. The oleic acid was 

not significantly different among planting dates. This could be because at each location, 

the differences in the conditions were not extreme enough to generate a significant 

response.  

 An analysis of variance was conducted to see if any of the factors of the 

experiment were significant factors in the level of oleic acid accumulated in the seed oil. 

Varieties of soybean were significantly different from each other for oleic acid (Table 

2.6) but not among planting dates (Table 2.7). The varieties were different because most 

of them were modified to produce higher levels of different specific fatty acids. Some of 

these were selected to exhibit higher expression for oleic acid. Varying levels of success 

were achieved in selecting these lines, which is the cause of the varied levels of oleic 

expression. 

Another factor that was tested was the comparisons among planting dates to 

see if they produced significantly different levels of oleic acid accumulation within 

individual cultivars (Table 2.8). There were differences among the locations (Table 2.3) 

and the years for oleic acid content but there were no differences between the planting 

dates (Table 2.8). The differences among the locations could be explained by the 

differing climatic conditions during key periods of the soybean plants’ development, 
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specifically the seed filling period. Scherder et al. (2008) saw that warmer experimental 

locations had higher levels of oleic acid. Warmer years have the same effect on the 

accumulation of oleic acid. It is suspected that the ol recessive allele at the FAD2 locus is 

contributing factor to the levels of oleic acid in mid-oleic lines (Alt et al., 2005). In that 

study, it was also suggested that a number of different alleles could also affect the level 

of accumulated oleic acid depending on the environmental conditions. Lee et al. (2012) 

went on to show that genes from different loci affected both the concentration of oleic 

acid production as well as the stability of that genetic expression. This could help to 

explain the results seen in this experiment. There were differences among locations due 

to differences in the temperatures at those locations. Hou et al. (2006) looked at the 

environmental effects across locations of specific soybean population and stated that 

the average daily minimum temperature was of more importance during the seed filling 

period of a soybean plant’s lifecycle in terms of oleic acid accumulation than was the 

average maximum daily temperature. The results of this study (Table 2.3) agree with 

those findings. The differences seen in this experiment show that the lines used show 

some level of instability year-to-year in terms of the genetic expression of oleic acid 

concentration.  The lines with the highest levels of oleic acid production generally show 

the most variability across environments (Scherder et al., 2008). This can be expected as 

temperature during the growing season can affect the expression of the oleic acid 

producing genes (Oliva et al., 2006). These factors help to explain the differences in oleic 

acid accumulation among locations and years.
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Table 2.1.  Means of agronomic traits, seed quality traits, and fatty acid levels of six modified fatty acid soybean lines by 

location. 

Cultivar LocaUon† 
Days to 

R5 

Moisture 

(%) 

Protein 

(g/kg) 

Oil 

(g/kg) 

Yield 

(kg/ha) 

Palmitic 

(g/kg) 

Stearic 

(g/kg) 

Oleic 

(g/kg) 

Linoleic 

(g/kg) 

Linolenic 

(g/kg) 

 

RG9 

Harrow09 14.8 391 232 3133 99.0 38.9 326.7 441.6 93.9 

Inwood09 68 9.5 419 195 957 90.5 43.6 344.4 415.3 106.2 

RCAT08 81 8.2 431 203 1600 92.5 44.6 407.2 359.7 93.9 

RCAT09 79 10.3 435 198 1725 92.8 39.3 366.0 405.3 96.6 

Average 76 10.7 419 z 207 r 1854 93.7 41.6 361.1 a 405.5 97.6 

RG25 

Harrow09 14.5 417 222 3843 44.2 33.8 209.8 670.6 41.7 

Inwood09 72 9.2 420 197 1012 45.7 33.9 202.9 661.6 55.9 

RCAT08 84 8.5 427 203 1665 44.4 33.8 234.6 640.1 45.8 

RCAT09 83 9.9 448 192 1603 43.1 32.4 239.8 637.3 47.3 

Average 80 10.5 428 y 204 rs 2031 44.3 33.5 221.8 d 652.4 47.7 

 

RG27 

Harrow09 14.4 425 217 2557 96.9 44.4 311.1 513.1 34.4 

Inwood09 69 9.3 437 188 851 87.6 52.3 285.9 531.0 44.2 

RCAT08 81 8.2 458 191 1483 88.4 52.7 358.7 461.5 36.6 

RCAT09 79 9.4 452 186 1616 89.5 44.6 332.1 493.0 40.7 

Average 76 10.3 443 x 196 u 1627 90.6 48.5 321.9 b 499.4 39.0 

 

RCAT 

Pinehurst 

Harrow09 14.5 395 226 3719 110.8 36.9 215.4 558.6 78.4 

Inwood09 70 9.7 424 185 1044 104.3 40.1 211.1 546.4 98.2 

RCAT08 80 8.2 429 197 1965 108.9 39.4 243.5 523.3 83.1 

RCAT09 79 9.8 440 191 1999 105.0 35.1 225.2 549.4 85.3 

Average 76 10.5 422 z 200 t 2182 107.2 37.9 223.8 d 544.4 86.2 

 

MFA1 

Harrow09 14.2 398 228 3364 94.9 40.3 326.6 455.2 83.1 

Inwood09 68 9.8 420 195 959 87.6 43.3 349.0 422.7 97.5 

RCAT08 81 8.4 427 204 1702 90.8 43.6 386.6 393.1 84.1 

RCAT09 80 9.6 431 197 1762 90.3 39.0 355.9 425.9 88.9 

Average 77 10.5 419 z 206 s 1947 90.9 41.5 354.5 a 424.2 88.4 

 

MFA5 

Harrow09 14.5 403 208 4035 106.6 47.8 288.7 484.3 72.6 

Inwood09 73 9.7 412 176 1039 96.5 44.4 263.4 497.2 98.6 

RCAT08 82 8.6 427 185 1754 99.5 46.8 336.8 440.3 74.6 

RCAT09 83 10.5 433 175 1801 97.8 43.5 302.0 474.1 82.6 

Average 79 10.8 419 z 186 v 2157 100.1 45.6 297.7 c 474.0 82.1 

 

† Harrow09: Harrow 2009, Inwood09: Inwood 2009, RCAT08: Ridgetown 2008, RCAT09: Ridgetown 2009.  

Within a column, values followed by the same letter do not differ significantly (p<0.05) 
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Table 2.2 Mean values of agronomic, seed quality traits, and fatty acid levels of the four by planting date. 

Location* 
Planting 

Date† 

 Days 

to R5 

 Moisture 

(%) 

 Protein 

(g/kg) 

 Oil 

(g/kg) 

 Yield 

(kg/ha) 

 Palmitic 

(g/kg) 

 Stearic 

(g/kg) 

 Oleic 

(g/kg) 

 Linoleic 

(g/kg) 

Linolenic 

(g/kg) 

                        

Harrow09 

1 

 

14.4 405 225 2924 92.7 39.3 285.3 517.9 64.8 

2 

 

14.5 406 224 3647 92.7 40.2 282.0 520.8 64.3 

3 

 

14.5 404 217 3755 90.8 41.5 271.8 522.9 72.9 

Average   14.5 405 z 222 r 3442 92.1 40.3 279.7 c 520.6 67.3 

                                    

Inwood09 

1 77 9.5 423 194 1128 87.7 44.5 274.8 516.3 76.7 

2 73 9.2 418 191 759 84.2 42.3 277.1 512.1 84.3 

3 61 9.9 425 183 1044 84.2 42.0 276.4 508.2 89.2 

Average 70 9.5 422 y 189 t 977 85.4 42.9 276.1 c 512.2 83.4 

                                    

RCAT08 

1 91 8.3 433 199 1831 85.7 44.1 344.9 456.3 67.0 

2 77 8.3 434 198 1641 84.7 44.7 347.9 455.4 65.5 

3 76 8.5 432 194 1613 91.9 41.6 291.0 497.3 76.5 

Average 81 8.4 433 w 197 s 1695 87.4 43.5 327.9 a 469.7 69.7 

                                    

RCAT09 

1 91 9.8 460 192 1772 89.4 39.1 307.6 497.0 67.0 

2 83 9.9 438 191 1845 87.0 39.5 295.3 504.0 74.2 

3 68 10.0 433 187 1636 82.9 38.4 307.6 491.6 79.6 

Average 81 9.9 440 x 190 t 1751 86.4 39.0 303.5 b 497.5 73.6 

            * Harrow09: Harrow 2009, Inwood09: Inwood 2009, RCAT08: Ridgetown 2008, RCAT09: Ridgetown 

† The planUng dates at RCAT08 were May 9, 2008; May 23, 2008; and June 7, 2008. The planting dates at RCAT09 were May 8, 2009; May 27, 2009; and June 9, 

2009. The   planting dates at Harrow were May 13, 2009; May 25, 2009; and June 10, 2009. The planting dates at Inwood were May 26, 2009; June 11, 2009; 

and June 25, 2009. 

Within a column, values followed by the same letter do not differ significantly (p<0.05) 
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Table 2.3. Monthly crop heat unit (CHU) accumulation, precipitation and average daily maximum, minimum and 

mean temperatures for Ridgetown in 2008 and 2009 and Harrow and Inwood in 2009. 

   

Temperature ⁰C 

    
Month LocaUon†  

Daily Maximum 

(Range) 
 

Daily Minimum 

(Range) 
 

Daily Mean 

(Range) 
 CHU 

Precipitation 

(mm) 
    

                      

May 

Harrow09 

 

19.8 (15.7 - 27.7) 

 

8.8 (-0.1 - 15.7) 

 

14.4 (8.7 - 21.3) 427.1 14.2 

         Inwood09 

 

20.3 (12.0 - 25.5) 

 

7.6 (-2.0 - 16.5) 

 

14 (7.5 - 20.3) 457.7 62.2 

         RCAT08 

 

17.2 (12.0 - 28.4)  

 

5.4 (1.2 - 14.5) 

 

11.3 (7.9 - 21.5) 308 93.8 

RCAT 09 

 

19.3 (14.0 - 26.9) 

 

6.6 (-1.9 - 13.9) 

 

13 (6.4 - 20.3) 402.5 48.5 

          

June 

Harrow09 

 

23.8 (16.8 - 31.8) 

 

13.3 (4.2 - 19.3) 

 

18.6 (11.1 - 25.6) 692.6 106.9 

         Inwood09 

 

23.5 (17.5 - 32.5) 

 

11.7 (1.0 - 20.0) 

 

17.6 (12.0 - 26.0) 639.0 143.5 

         RCAT08 

 

24.7 (17.2 - 32.9) 

 

14.6 (9.4 - 22.1) 

 

19.7 (13.4 - 27.0) 751.4 113.4 

RCAT 09 

 

23.1 (17.0 - 31.9) 

 

11.4 (0.6 - 19.5) 

 

17.3 (9.9 - 25.7) 621.5 65.4 

          

July 

Harrow09 

 

24.4 (19.8 - 28.2) 

 

14.4 (10.2 - 20.4) 

 

19.2 (16.5 - 24.3) 697.1 12.6 

         Inwood09 

 

24.8 (19.5 - 29.0) 

 

13.5 (8.0 - 19.5) 

 

19.2 (16.0 - 24.3) 748.8 64.2 

         RCAT08 

 

26.9 (19.7 - 31.4) 

 

14.8 (7.8 - 20.6) 

 

20.8 (16.2 - 25.7) 840.8 108.1 

RCAT 09 

 

24.4 (20.0 - 29.1) 

 

12.5 (6.0 - 19.2) 

 

18.5 (14.5 - 23.7) 709.0 30.5 
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Table 2.3 continued. 

                Temperature ⁰C         

Month Location  
Daily Maximum 

(Range) 
 

Daily Minimum 

(Range) 
 

Daily Mean 

(Range) 
 CHU  

Precipitation 

(mm) 
     

                                    

August 

Harrow09 

 

25.4 (18.6 - 31.8) 

 

15.7 (6.7 - 22.9) 

 

20.6 (13.0 - 27.4) 

 

825.3 

 

96.9 

           Inwood09 

 

25.5 (18.0 - 32.0) 

 

14.8 (4.0 - 21.0) 

 

20.2 (11.8 - 26.5) 

 

801.9 

 

100.2 

           RCAT08 

 

27.4 (19.0 - 29.8) 

 

12.5 (7.6 - 21.1) 

 

19.7 (14.1 - 25.5) 

 

695.3 

 

171.2 

RCAT09 

 

25.2 (17.7 - 30.2) 

 

13.9 (3.5 - 21.9) 

 

19.6 (11.7 - 26.1) 

 

769.5 

 

92.4 

              

           

September 

Harrow09 

 

22.6 (12.4 - 27.6) 

 

12.1 (2.5 - 20.7) 

 

17.4 (7.5 - 23.3) 

 

628.5 

 

29.3 

           Inwood09 

 

23.3 (13.0 - 27.0) 

 

10.3 (2.0 - 20.0) 

 

16.8 (10.5 - 23.3) 

 

594.5 

 

41.9 

           RCAT08 

 

22.9 (16.9 - 29.8) 

 

10.4 (5.9 - 19.5) 

 

16.7 (12.0 - 21.9) 

 

590 

 

131.7 

RCAT 09 

 

22.1 (12.5 - 26.7) 

 

10.0 (-0.1 - 19.2) 

 

16.1 (6.2 - 22.2) 

 

574.7 

 

36.0 

                  

 

  

 

  

 

        

October 

Harrow09 

 

13.3 (6.5 - 20.5) 

 

4.8 (-2.4 - 11) 

 

9.0 (3.0 - 15.4) 

 

183.2 

 

72.3 

           Inwood09 

 

13.8 (7.5 - 21.0) 

 

4.6 (-3.5 - 10.0) 

 

9.2 (3.0 - 15.3) 

 

192.2 

 

77.4 

           RCAT08 

 

14.7 (4.8 - 25.5) 

 

2.4 (-5.7 - 11.5) 

 

8.6 (0.6 - 18.1) 

 

157.9 

 

52 

RCAT 09 

 

13.4 (5.9 - 20.5) 

 

3.7 (-4.4 - 11.4) 

 

8.6 (2.2 - 16.0) 

 

157.7 

 

70.2 

            † Harrow09: Harrow 2009, Inwood09: Inwood 2009, RCAT08: Ridgetown 2008, RCAT09: Ridgetown 2009 
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Table 2.4. Average temperature and CHU accumulation during key seed fill period (R5-R8) at Ridgetown 2008, Ridgetown 2009, Harrow 

2009 and Inwood 2009. 

 

 

Location*   Planting Date † R5 R8 CHU Total Avg Temp 

 

 
Harrow09 

 

1 1-Aug 20-Sep 1250.19 24.7 

 

  

2 7-Aug 24-Sep 1210.41 24.5 

 

  

3 14-Aug 28-Sep 1072.26 23.7 

 

  

Average 7-Aug 24-Sep 1177.6 24.3 

 

         

 
Inwood09 

 

1 11-Aug 22-Sep 979.2 24.6 

 

  

2 21-Aug 9-Oct 862.8 21.5 

 

  

3 25-Aug 12-Oct 799.2 20.7 

 

  

Average 19-Aug 4-Oct 880.4 22.3 

 

         

 
RCAT08 

 

1 6-Aug 15-Sep 984.97 24.3 

 

  

2 7-Aug 17-Sep 887.67 24.1 

 

  

3 21-Aug 26-Sep 783.47 23.9 

 

  

Average 11-Aug 19-Sep 885.4 24.1 

 

         

 
RCAT09 

 

1 5-Aug 22-Sep 1096.47 24.2 

 

  

2 9-Aug 26-Sep 1087.83 23.9 

 

  

3 15-Aug 2-Oct 969.93 22.5 

 

  

Average 9-Aug 26-Sep 1051.4 23.5 

  
* Harrow09: Harrow 2009, Inwood09: Inwood 2009, RCAT08: Ridgetown 2008, RCAT09: Ridgetown 

† The planting dates at RCAT08 were May 9, 2008; May 23, 2008; and June 7, 2008. The planting dates at RCAT09 were May 8, 2009; May 27, 2009; and 

June 9, 2009. The   planting dates at Harrow were May 13, 2009; May 25, 2009; and June 10, 2009. The planting dates at Inwood were May 26, 2009; 

June 11, 2009; and June 25, 2009 
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Table 2.5. Mean values of agronomic traits, seed quality traits, and fatty acid levels of six modified soybean lines by the planting dates 

across four location years. 

Cultivar 
Planting 

Date† 

 Days 

to R5 

Moisture 

(%) 

Protein 

(g/kg) 

Oil 

(g/kg) 

 Yield  

(kg/ha) 

 Palmitic 

(g/kg) 
 Stearic (g/kg) 

 Oleic 

(g/kg) 

 Linoleic 

(g/kg) 

 

Linolenic 

(g/kg) 

RG9 

1 85 10.8 421.9 209.3 1850.1 94.9 41.6 366.4 403.0 93.5 

2 76 10.4 419.3 208.1 1756.6 92.6 42.5 368.0 401.6 94.8 

3 67 11.0 415.4 202.8 1954.6 93.5 40.8 348.8 411.9 104.6 

Average 76 10.7 418.9 206.7 1853.8 93.7 41.6 361.1 405.5 97.6 

RG25 

1 88 10.4 431.2 206.8 1989.0 44.9 35.3 227.5 647.9 44.1 

2 79 10.4 425.7 205.4 2078.5 43.4 33.1 220.3 655.4 47.5 

3 72 10.9 427.8 199.0 2025.2 44.8 32.1 217.5 653.9 51.4 

Average 80 10.5 428.2 203.8 2030.9 44.3 33.5 221.8 652.4 47.7 

RG27 

1 84 10.2 444.6 197.9 1436.4 91.9 47.0 332.6 491.4 36.6 

2 76 10.4 441.0 197.5 1763.6 90.0 48.8 330.3 492.7 37.7 

3 68 10.3 443.2 191.1 1680.2 89.9 49.7 302.9 514.2 42.7 

Average 76 10.3 442.9 195.5 1626.7 90.6 48.5 321.9 499.4 39.0 

RCAT Pinehurst 

1 86 10.8 424.1 203.2 2113.2 107.8 37.7 228.5 544.9 80.6 

2 76 10.4 423.8 201.8 2242.4 106.2 38.3 231.1 539.7 84.2 

3 67 10.4 419.6 19.4.6 2188.8 107.6 37.6 211.7 548.6 94.0 

Average 76 10.5 422.5 19.98 2181.5 107.2 37.9 223.8 544.4 86.2 

MFA1 

1 86 10.2 422.9 208.5 1850.9 91.8 41.7 360.0 422.2 83.8 

2 77 10.4 419.3 206.3 1903.4 89.8 41.8 359.9 420.9 87.2 

3 67 11.0 415.6 202.7 2086.9 91.0 41.1 343.7 429.5 94.1 

Average 77 10.5 419.3 205.8 1947.1 90.9 41.5 354.5 424.2 88.4 

MFA5 

1 88 10.9 421.3 189.6 2241.4 101.8 47.3 303.9 471.9 74.6 

2 79 10.9 415.6 187.9 2094.2 100.8 45.5 293.9 478.2 81.2 

3 70 10.8 418.8 180.5 2135.8 9.77 44.1 295.4 471.8 90.5 

Average 79 10.8 418.6 186.0 2157.1 100.1 45.6 297.7 474.0 82.1 

† The planUng dates at RCAT08 were May 9, 2008; May 23, 2008; and June 7, 2008. The planUng dates at RCAT09 were May 8, 2009; May 27, 

2009; and June 9, 2009. The   planting dates at Harrow were May 13, 2009; May 25, 2009; and June 10, 2009. The planting dates at Inwood 

were May 26, 2009; June 11, 2009; and June 25, 2009.
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Table 2.6. Means and standard errors for oleic acid content for individual 

soybean lines 

Source† Mean g/kg 

 

   RG9 361 a 

RG25 222 d 

RG27 322 b 

RCAT Pinehurst 224 d 

MFA 0701-1 355 a 

MFA 0701-5 298 c 

Standard Error 13.3 

 
† VarieUes and planUng dates represent means of material grown in Ridgetown 2008 

and 2009, Harrow 2009, and Inwood 2009 

Within a column, values followed by the same letter do not differ significantly 

(p<0.05) 
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Table 2.7. Means and standard errors for oleic acid content for individual 

planting dates 

Source† Mean g/kg 

 

Planting Date 1 303 a 

Planting Date 2 302 a 

Planting Date 3 287 a 

Standard Error 1.38 

 
† VarieUes and planUng dates represent means of material grown in Ridgetown 2008 

(May 9, 2008; May 23, 2008; and June 7, 2008) and Ridgetown 2009 (May 8, 2009; 

May 27, 2009; and June 9, 2009 ), Harrow 2009 (May 13, 2009; May 25, 2009; and 

June 10, 2009), and Inwood 2009 (May 26, 2009; June 11, 2009; and June 25, 2009) 

Within a column, values followed by the same letter do not differ significantly 

(p<0.05) 
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Table 2.8. Contrasts for oleic acid among the individual 

planting dates averaged across cultivars and locations 

(Ridgetown 2008 and 2009, Harrow 2009, and Inwood 

2009). 

Planting Date Planting Date Probability Significant† 

    

1 2 0.8774 No 

  
  

 

1 3 0.0712 No 

  
 

2 3 0.1144 No 

 

† Significance determined at p=0.05 Type I Error 
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Figure 2.1 Oleic Acid Percentage by Cultivar for Planting Dates grown at Ridgetown 

2008 and 2009, Harrow 2009, and Inwood 2009 

† The planting dates at RCAT08 were May 9, 2008; May 23, 2008; and June 7, 2008. The planting 

dates at RCAT09 were May 8, 2009; May 27, 2009; and June 9, 2009. The   planting dates at 

Harrow09 were May 13, 2009; May 25, 2009; and June 10, 2009. The planting dates at 

Inwood09 were May 26, 2009; June 11, 2009; and June 25, 2009. 
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Plot layout for Date of Planting Study 
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Chapter 3: Effect of Controlled Temperature Environments on the Accumulation of 

Oleic Acid in Several Mid-High Oleic Soybean Lines 
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Abstract: 

 

As non-renewable resources like petroleum become less plentiful, breeders have used 

genetics to modify the fatty acid profiles of soybeans to develop many new benefits and uses 

for the soybean oil. The objective of this experiment was to determine the effect of 

temperature on the production and accumulation of oleic acid in selected modified fatty acid 

soybean lines in a controlled temperature environment. There were seven lines in the 

experiment: PHO1 and PHO2 are high oleic lines, RG9, RG27, and N98-4445A are mid oleic 

lines; RG25 is a mid linoleic line; and RCAT Pinehurst is a cultivar with a traditional fatty acid 

profile. These lines were grown in three growth cabinets at three temperature regimes, a 

warmer at 30/25°C, a medium at 25/20°C, and a low at 20/15°C for the day/night 

temperatures. All plants were started in a growth room at the medium temperature regime 

with sixteen hour day length for one week.  Then one pot of each cultivar was transferred to a 

growth cabinet at the same growing conditions. At R1 the three temperature regimes were 

applied until harvest and the daylength was adjusted to twelve hours. The experiment was run 

as a split plot and was replicated over time across the three cabinets. The harvested seed was 

analyzed using gas chromatography to determine fatty acid composition. Various other 

agronomic measurements, such as height, days to flower, days to seed, and days to maturity 

were also taken during the experiment. The fatty acid analysis showed that, over the three 

replications, the higher temperature cabinets had significantly higher levels of oleic acid. PHO1 

and PHO2 averaged 80% oleic over the entire experiment. The results suggested that oleic acid 

content increased with temperature, which is consistent with the existing literature. 
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Introduction 

 

The demands put on the food chain have always influenced the direction that 

food producers look when improving our food products. Plant breeders use many 

methods to improve and change the food products that they work with, and soybean 

breeders are no different. They have started to produce soybeans with specific genetic 

sequences, which resulted in the development of desirable designer oils These custom 

oils can then benefit specific end uses such as, improved oil characteristics for food 

preparation and human health, industrial lubrication, plastic development, as well as a 

number of other industrial purposes. The methods that breeders use most frequently in 

this improvement process include: traditional breeding with recurrent selections, 

mutagenesis, and genetically engineering segments of soybean DNA. The new plant 

material has drastically altered characteristics which can include both reduced and 

elevated individual fatty acid levels. Manipulating fatty acid contents changes the end 

characteristics of the soybean oil. (Wilson, 2004) 

Altering the genetics of soybeans is one way to change the characteristics of 

soybean oil; however, fatty acid composition of soybean oil is heavily influenced by 

environmental conditions. When soybean seeds fill in warmer conditions it has been 

shown that they will have higher levels of some fatty acids while others have reduced 

levels (Rennie and Tanner, 1989; Ray et al., 2008; Ren et al., 2009). . This is most 

prominent during the oil deposition phase (R5 - R8) (Caviness and Fehr, 1971). Oleic acid 

is strongly affected by warmer temperatures, having elevated expression levels 

(Primomo et al., 2002). The biochemical pathway of fatty acids in the soybean oil 
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dictates that if oleic levels are high then the levels of the other two polyunsaturated 

fatty acids, linoleic and linolenic, will be decreased (Yadav, 1996). The two saturated 

fatty acids, stearic and palmitic, are not significantly affected by environmental change 

because they are only influenced by genetics (Rennie and Tanner, 1989; Ray et al., 2008; 

Ren et al., 2009).  

In order to understand the differences among temperature environments in the 

field, researchers must quantify the effects of temperature under controlled conditions. 

This removes the effects of other effects such as soil type and precipitation and allows 

the researcher to focus primarily on the temperature. The interaction among 

temperature and genotype needs to be better quantified to allow breeders to better 

predict phenotypes in the field. This knowledge will allow for improved efficiency of 

selection to optimize breeding programs in selecting only the most suitable genetic 

material for advancement and production. 

The objective of this study was to quantify the effect of temperature on oleic 

acid accumulation in modified soybean genotypes grown in controlled environmental 

conditions. 

 

Materials and Methods: 

 

 

Plant Material: 

 

Six modified fatty acid soybean lines and one normal line were grown at the 

location in this experiment. The lineage details of RG9, RG25, and RG27 are given in the 
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previous chapter.  N98-4445A is a high-oleic, low linolenic line developed at the 

University of North Carolina State University at Raleigh by Joe Burton (Burton et al., 

2006). This line is not adapted to Southwestern Ontario and is unable to fully mature 

outdoors in Ontario because of its maturity group (VI). It is used in many breeding 

programs as a parent that can contribute higher expression of oleic acid in the soybean 

seed oil.  Two high oleic experimental soybean lines were also grown as part of this 

experiment. PHO1 and PHO2 are experimental proprietary lines developed by DuPont 

Pioneer. These lines are used as high oleic contributing parents in private industry 

soybean breeding programs which have both produced percentages of oleic acid in the 

soybean seed oil that was in excess of 90%. The typical fatty acid line is a commercially 

available, locally adapted cultivar RCAT Pinehurst which was developed by Dr. Gary 

Ablett at Ridgetown Campus of the University of Guelph.  

 

Plant Growth and Temperature Treatments: 

The indoor experiment was conducted using three growth cabinets, each under a 

different temperature regime. The experimental design was a split-plot with the pot as 

the sub-plot experimental unit. The regimes are as follows: hot (30⁰C days, 25⁰C nights), 

medium (25⁰C days, 20⁰C nights), and cold (20⁰C days, 15⁰C nights). Each line was 

planted in an eight liter pot with two plants per pot. Sunshine LA4 Mix Aggregate Plus 

potting soil from Sungro horticulture Inc (Bellevue, WA) was used as the growth medium 

for the plants. Plants were watered and fertilized evenly and appropriately.  The pots 
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were started in a growth room that matched the medium temperature regime and had 

16-hour day length. This allowed easier monitoring for seedling disease or plant death. 

The pots were kept in the larger growth room for 7-10 days before being moved to the 

three growth cabinets. Pots were rotated within the cabinet on a weekly basis. All 

cabinets were kept at the medium temperature settings and sixteen hour days until 

flowers started to appear. When flowering commenced, the day length was changed to 

twelve hour days and the temperature regimes were imposed. These conditions were 

kept constant throughout the experiment until the plants reached full maturity. The 

plant growth had to be managed due to the viney growth characteristics that the plants 

displayed while growing in the cabinets. The stems were folded down and wrapped 

around a metal guide in order to keep the plants contained within the growing area of 

the cabinet.  The temperatures were monitored and adjusted on a bi-weekly basis. The 

amount of water provided to each pot during the plant’s development was not 

measured but appropriate amounts were dispensed to ensure that the plants were not 

limited by drought. The seeds were not always harvested when the individual lines had 

reached maturity but all R8 dates were recorded for these individual lines. 

  

Measurements: 

 There were a number of measurements taken on all the plots throughout the 

growing season. Seedling vigour (1-9 scale where 1 is excellent and 9 is very poor), 

emergence (1-9 scale where 1 is excellent and 9 is very poor), days to R1, days to R5, 

days to R7, and days to R8. Seed protein and oil composition were also measured using 
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a Near Infrared Transmission (NIRT) analyzer (Foss Electric, Eden Prairies, MN). Fatty 

acid composition was measured using an HP 6890 gas chromatograph (Hewlett Packard, 

Palo Alto, CA) as described in the previous chapter. 

 

Statistical Analysis: 

 A mixed analysis (PROC MIXED) was done in SAS version 9.1 (SAS Institute Inc., 

Cary, NC). The dependent variable of this analysis was the percent of oleic acid. This split 

plot experiment had cultivar, temperature regime, and cultivar by temperature regime 

as fixed effects and cabinet and temperature regime by replication as a random effects 

(Table A1.2). This was the final model used for analysis because several factors could be 

removed from the model statement and put in the error term. Least significant 

differences were calculated using Fisher’s Protected LSD test. Contrasts were used to 

compare temperature treatments. For these analyses, it is assumed that the model was 

linear and additive. It was also assumed that the experimental errors were random, 

independent, normally distributed about a mean of zero, and had common variance. 

The linearity of the model was tested using a General Linear Model to examine the 

appropriateness of fit of the partitioned polynomials. A series of graphs was used to test 

the independence, randomness, and mean of error around zero (data not shown). The 

normality of the error variance was tested using a univariate analysis to conduct a 

Shapiro-Wilks test. 
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Results and Discussion 

 

 To determine the effect of temperature on fatty acids accurately, an experiment 

with controlled temperature was performed. The temperature regimes were: hot (30⁰C 

days, 25⁰C nights), medium (25⁰C days, 20⁰C nights), and cold (20⁰C days, 15⁰C nights). 

The measured characteristics of days to R1, R5, and R7, percent harvest moisture, oil 

and protein content, and fatty acid levels varied significantly among temperature 

regimes (Table 3.2). There were also significant differences among varieties (Table 3.1 & 

3.2). There were no significant differences for oleic acid content in the soybean seed oil 

among the cabinets used in this controlled experiment. 

 On average, the number of days to R1 was the highest for N98-4445A (43.7 days) 

and lowest for RG9 (37.0 days) (Table 3.1). N98-4445A is a much longer season soybean 

cultivar than the other lines which are relatively similar. RG9 was not significantly 

different for R1 from the other lines, except N98-4445A. There was a relationship 

between the number of days for the lines to reach R1 and the temperature regime 

(p=0.0037). For each soybean line, the hotter temperature regimes caused plants to 

reach R1 in fewer days (Table 3.2) than the cool treatment. The number of days to R1 

did not significantly vary among cabinets. 

 On average, the number of days to R5 was the highest for N98-4445A (57.1 days) 

and lowest for RG27 (49.8 days) (Table 3.1). This was expected as N98-4445A was a late 

maturing cultivar (MG 6). There was a significant relationship (p=0.0439) between the 

number of days for the lines to reach R5 and the temperature regime. For each soybean 
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line, the hotter temperature regimes caused the lines to reach R5 in fewer days. The 

number of days to R5 did not significantly vary among cabinets. 

 The number of days to R7 on average was the highest for N98-4445A (87.6 days) 

and lowest for RG25 (81.6 days) (Table 3.1). This follows the same reasoning that for 

N98-4445A taking the longest to reach R1 and R5. There was a relationship (p=0.0805) 

between the number of days for the lines to reach R7 and the temperature regime. For 

each soybean line, the hotter temperature regimes caused the lines to reach R7 in fewer 

days (Table 3.2) than the cold. The number of days to R7 did not significantly vary 

among cabinets. 

 The seed protein content was highest in N98-4445A (444.6 g kg
-1

) on average 

and was the lowest in RG25 (420.9 g kg
-1

) on average (Table 3.1). The results did not 

show any interactions between cultivar and temperature regime in regards to seed 

protein levels as it did with seed oil content. There was no relationship between the 

temperature regime and the level of seed protein content (p=0.217). The results 

showed that the medium temperature regime produced the highest level of seed 

protein (Table 3.2). 

 The seed oil content was highest in RG9 (203.6 g kg
-1

) on average and was lowest 

in N98-4445A (197.7 g kg
-1

) on average (Table 3.1). There was a relationship between 

the seed oil content and temperature (p=0.0085). The results show that the warmer the 

temperature treatment the higher the seed oil content (Table 3.2). There were no 

significant differences in seed oil content among cabinets.  
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The content of the seed oil varied in this controlled temperature study similar to 

that in the date of planting study. The contents varied by cultivar, temperature and 

cabinet. The saturated fatty acids varied from their standard levels. The highest level of 

palmitic acid was obtained in RCAT Pinehurst (118.9 g kg
-1

) on average and the lowest 

was RG25 (42.6 g kg
-1

) on average (Table 3.1). There was no significant relationship 

between cultivar and temperature for palmitic acid (p=0.9895). Stearic acid levels also 

varied across lines. The line with the highest average level of stearic acid was PHO1 

(37.1 g kg
-1

) and the line with the lowest level was RG25 (27.9 g kg
-1

) (Table 3.1). For 

stearic acid, there was no significant relationship between cultivar and temperature 

regime (p=0.4751). There was no significant difference in saturated fatty acid levels 

across the cabinets. 

 Unsaturated fatty acid content varied greatly among the soybean lines at 

different temperatures, consistent with the literature (Rennie and Tanner, 1989; 

Heppard et al., 1996; Ray et al., 2008; Ren et al., 2009; Bachlava et al., 2009).  Linolenic 

acid showed wide variation among cultivars. The cultivar with the highest level of 

linolenic acid was RG9, 108.3 g kg
-1

 on average and the PHO2 had the lowest level of 

linolenic acid, 21.8 g kg
-1

, on average. It was expected of RG9 to have a high level of 

linolenic acid because the modification to this individual soybean line was to increase 

oleic acid content. Little to no effort was made to reduce linolenic acid levels in the seed 

oil content in the breeding of this modified fatty acid soybean. There was some variation 

across the cabinets for linolenic acid content with cabinet 1 (54.8 g kg
-1

) being the 
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highest on average and cabinet 2 (48.6 g kg
-1

) (Table 3.2) being the lowest on average. 

However, there was no significant difference among the cabinets for temperature.  

The literature has shown that oleic acid and linoleic acid production are linked in 

the biochemical pathway (Yadav, 1996). This was also observed in this experiment in 

that as levels of oleic acid increased in the individual cultivars, the levels of linoleic acid 

decreased. The highest average level of linoleic observed was in RG25 (667.5 g kg
-1

) and 

the lowest level was in PHO2 (6.99 g kg
-1

) (Table 3.1). This was expected as RG25 is a line 

bred to be high in linoleic acid and PHO2 is bred to be extremely high in oleic acid levels. 

PHO2 had the highest levels of oleic acid on average at 797.3 g kg
-1 

while RCAT Pinehurst 

(206.1 g kg
-1

) had the lowest measured oleic acid content on average. This result was 

expected because of PHO2’s breeding purpose and also because RCAT Pinehurst is a 

commercial line that does not have a modified fatty acid profile. The relationship, which 

is consistent with the literature (Rennie and Tanner, 1989; Heppard et al., 1996; Ray et 

al., 2008; Ren et al., 2009; Bachlava et al., 2009), is that higher temperatures cause 

higher levels of oleic acid to the detriment of linoleic acid levels which can be observed 

in Figure 3.1. The sole exception is in RG9 which did not behave as expected in that it 

did not yield higher levels of oleic acid in warmer temperature regimes (Figure 3.1). This 

could be due to inferior seed stock caused by seed mixture or residual heterozygosity of 

the line or the specific genetic mutation that is not as environmentally sensitive to 

temperature change. There were also observed differences across cabinets.  
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Growth cabinet 1 (394.5 g kg
-1

) showed the highest levels of linoleic acid on 

average and growth cabinet 3 (355.4 g kg
-1

) showed the lowest levels on average. 

Following the relationship consistent with varietal differences it was observed that 

cabinet 3 (475.7 g kg
-1

) had the corresponding highest level of oleic acid on average 

while cabinet 1 (428.4 g kg
-1

) had the lowest level of oleic on average. There was no 

consistent relationship between cabinet and temperature regime. 

 An analysis of variance was conducted to see if any of the factors of the 

experiment were significant in the level of oleic acid accumulated in the seed oil 

content. The results showed that both the cultivar of soybean planted as well as the 

temperature in which it developed were significant factors in determining the levels of 

oleic acid accumulation (Table 3.3). Table 3.5 shows that the interaction between 

individual soybean varieties and the temperature regimes that they were grown under 

was also a significant factor in determining oleic acid levels. Before the initiation of the 

research work, several comparisons were selected to determine the significance of the 

effects of the temperature. Table 3.4 shows that there is a significant difference 

between the cold and medium temperature regime, as well as the cold and the hot 

temperature regime. There was no difference between the medium and the hot 

temperature regimes. The reason may be that the higher temperature regime does not 

have as much of an added effect on oleic acid as the change from the cold to medium 

temperature regime. This is also observed in Figure 3.1 as the collective slope between 

the medium and the cold temperature decreases. 
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 It can be concluded that higher temperatures cause modified fatty acid soybean 

lines to produce higher levels of oleic acid. This appears to be consistent for both 

modified fatty acid soybean lines as well as normal cultivars and is in agreement with 

the current literature. 
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Table 3.1. Mean values of agronomic, seed quality traits and fatty acid levels of seven modified soybean lines by the temperature regime. 

Cultivar Temperature† 
Days 

to R1 

Days 

to R5 

Days 

to R7 

Moisture 

(%) 
Oil (g/kg) 

Protein 

(g/kg) 

Palmitic 

(g/kg) 

Stearic 

(g/kg) 

Oleic 

(g/kg) 

Linoleic 

(g/kg) 

Linolenic 

(g/kg) 

RG9 

Cold 43.3 56.0 88.7 10.0 206.3  417.3 103.9 30.0 312.2  422.0 131.9 

Medium 34.7 48.3 77.3 10.0 197.7 425.3 108.0 33.4 294.9  458.1 107.3 

Hot 33.0 48.7 81.0 10.4 206.7 423.0 113.1 37.5 257.8  506.9 84.7 

Average 37.0 51.0 82.3 10.1 203.6 p 421.9 s 108.3 33.6 288.3 d 462.3 108.0 

                          

RG25 

Cold 41.0 53.0 88.0 9.9 202.3 422.0 44.5 27.2 169.3  702.1 56.9 

Medium 36.3 50.7 78.3 9.8 204.3 423.0 43.9 28.5 199.7  686.4 41.6 

Hot 34.3 48.0 78.3 10.5 205.0 417.7 39.4 2.81 284.7  614.0 33.9 

Average 37.2 50.6 81.6 10.1 203.9 p 420.9 s 42.6 27.9 217.9 e 667.5 44.1 

                          

RG27 

Cold 39.0 51.3 89.7 10.7 195.7 426.0 107.1 30.4 202.3  623.6 36.7 

Medium 38.3 51.0 81.3 10.1 202.7 434.3 98.3 35.1 407.6  426.5 32.6 

Hot 34.7 47.0 79.3 10.8 210.0 425.0 100.0 32.7 471.2  366.2 29.9 

Average 37.3 49.8 83.4 10.5 202.8 pq 428.4 s 101.8 32.7 360.3 c 472.1 33.1 

                          

RCAT 

Pinehurst 

Cold 41.7 52.3 88.0 9.8 199.7 416.7 116.1 32.2 182.1  552.2 117.4 

Medium 38.3 54.3 78.7 9.8 200.7 429.7 118.0 33.5 210.9  555.7 82.0 

Hot 35.7 51.0 78.3 10.0 208.3 426.3 122.6 35.9 225.3  550.7 78.8 

Average 38.6 52.6 81.7 9.9 202.9 pq 424.2 s 118.9 33.8 206.1 e 552.8 92.7 

                          

PHO1 

Cold 39.7 52.0 84.3 10.0 199.0 431.7 76.3 33.3 711.9  139.9 38.5 

Medium 38.3 51.3 79.7 10.0 199.7 439.0 68.3 39.7 821.1  47.8 23.1 

Hot 33.3 46.7 82.3 10.8 208.3 419.3 66.0 38.4 844.4  32.5 18.8 

Average 37.1 50.0 82.1 10.3 202.3 pq 430.0 s 70.2 37.1 792.4 a 73.4 26.8 

                          

PHO2 

Cold 40.7 53.7 88.7 10.3 202.7 432.0 79.9 29.9 749.3  114.1 26.8 

Medium 40.3 52.3 81.0 10.0 199.3 425.3 79.2 33.8 806.8  58.5 22.5 

Hot 33.0 46.7 79.3 10.8 201.0 423.3 72.8 37.2 835.8  37.2 16.9 

Average 38.0 50.9 83.0 10.4 201.0 pq 426.9 s 77.3 33.7 797.3 a 69.9 21.8 

                          

N98-4445A 

Cold 45.7 57.3 92.3 10.8 199.3 442.7 99.3 27.4 412.2  415.2 46.0 

Medium 44.7 61.0 83.7 11.3 195.0 446.0 103.8 29.9 501.1  336.1 29.0 

Hot 40.7 53.0 86.7 11.2 198.7 445.0 106.8 29.9 546.8  293.9 22.5 

Average 43.7 57.1 87.6 11.1 197.7 q 444.6 r 103.3 29.1 486.7 b 348.4 32.5 

† Hot: 30⁰C days, 25⁰C nights; Medium: 25⁰C days, 20⁰C nights; Cold: 20⁰C days, 15⁰C nights  

 Within a column, values followed by the same letter do not differ significantly (p<0.05)
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Table 3.2. Mean values of agronomic, seed quality traits and fatty acid levels by the temperature regime during R5 to R8. 

Temperature

† 

Days to 

R1 

Days to 

R5 

Days to 

R7 

Moisture 

(%) 

Oil 

(g/kg) 

Protein 

(g/kg) 

Palmitic 

(g/kg) 

Stearic 

(g/kg) 

Oleic 

(g/kg) 

Linoleic 

(g/kg) 

Linolenic 

(g/kg) 

Cold 43.3 a 56.0 a 88.7 a 10.0 b 206.3 b 417.3  113.1 37.5 a 257.8  506.9 84.7 b 

Medium 34.7 ab 48.3 ab 77.3 b 10.0 b 197.7 b 425.3  108.0 33.4 a 294.9  458.1 107.3 ab 

Hot 33.0 b 48.7 b 81.0 ab 10.4 a 206.7 a 423.0  103.9 30.0 b 312.2  422.0 131.9 a 
† Hot: 30⁰C days, 25⁰C nights; Medium: 25⁰C days, 20⁰C nights; Cold: 20⁰C days, 15⁰C nights  

 Within a column, values followed by the same letter do not differ significantly (p<0.05) 
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Table 3.3. Least square means for amount of oleic acid in the oil for 

individual soybean lines across all temperatures and cabinets 

Soybean Cultivar 
Least Square 

Mean (g/kg)  

      

RG9 288.4 d 

RG25 217.9 e 

RG27 360.3 c 

RCAT Pinehurst 202.3 e 

PHO1 792.4 a 

PHO2 808.4 a 

N98-4445A 486.7 b 

Standard Error 27.22 

 
Within a column, values followed by the same letter do not differ significantly (p<0.05) 
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Table 3.4. Contrasts of temperature regimes for oleic acid levels of the overall oil 

content 

Contrast† Estimate Standard Error 
Degrees of 

Freedom 
T-Value Probability 

 

  

    Cold vs. Medium -7.1795 2.3103 4 -3.11 0.0360 

Cold vs. Hot -10.6919 2.3103 4 -4.63 0.0098 

Medium vs. Hot -3.5124 2.3103 4 -1.52 0.2031 

† Hot: 30⁰C days, 25⁰C nights; Medium: 25⁰C days, 20⁰C nights; Cold: 20⁰C days, 15⁰C nights 
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Table 3.5. Least square means for oleic acid content of the overall 

oil for the temperatures within cultivars across all cabinets 

Cultivar Temperature† 
Least Square 

Mean (g/kg)  

 
      

RG9 Cold 312.3 ef 

 
Medium 294.9 fg 

 
Hot 257.9 fgh 

   
 

RG25 Cold 169.3 h 

 
Medium 199.7 gh 

 
Hot 284.7 fg 

   
 

RG27 Cold 402.2 gh 

 
Medium 407.6 de 

 
Hot 471.2 cd 

  
 

RCAT Pinehurst Cold 182.2 h 

 
Medium 210.9 gh 

 
Hot 213.8 fgh 

   
 

PHO1 Cold 711.9 b 

 
Medium 821.0 a 

 
Hot 844.4 a 

   
 

PHO2 Cold 749.3 ab 

 
Medium 806.8 ab 

 
Hot 869.1 a 

 
   

N98-4445A Cold 412.2 de 

 
Medium 501.1 cd 

 
Hot 546.8 c 

Standard Error 
 

3.56  

 
† Hot: 30⁰C days, 25⁰C nights; Medium: 25⁰C days, 20⁰C nights; Cold: 20⁰C days, 

15⁰C nights 

Within a column, values followed by the same letter do not differ significantly (p<0.05) 
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† Hot: 30⁰C days, 25⁰C nights; Medium: 25⁰C days, 20⁰C nights; Cold: 20⁰C days, 15⁰C nights 

 

Figure 3.1 Percent Oleic Acid by Cultivar for Each Temperature across all Repetitions of Controlled 

Temperature Experiment 
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General Conclusion 

 

The objectives of this thesis were to determine the effect of temperature on the 

production and accumulation of oleic acid in the fatty acid profile for the selected lines and also 

to determine the effect of planting date on these mutated soybean lines as well as the effect of 

planting date on the production and accumulation of oleic acid for the selected lines. It was 

hypothesized that the results would show that a higher percentage of oleic acid would 

accumulate in the fatty acid profile under higher than average temperature regimes and that 

different planting date would lead to different growing environments for the various phases of 

reproduction of the soybean lines. 

This study showed that the genetics, the environment and the interaction between the 

genetics and the environment all had a significant influence on the accumulation of oleic acid in 

the soybean seed oil as well as the agronomic and seed quality characteristics that were 

measured. The results of the controlled temperature study demonstrated what the literature 

had previously shown. The higher the air temperature in which a soybean plant develops, the 

more oleic acid will accumulate in the soybean seed oil. The modified lines that had previously 

shown high levels of oleic acid production produced the most oleic acid in the warmest 

temperature regime. In both experiments it was observed that all the lines that developed in 

hotter air temperatures had higher levels of oleic acid.  

The results of the date of planting study showed that the date when a modified fatty 

acid soybean line is planted did not have a significant effect on the production and 

accumulation of oleic acid in the soybean seed oil. This was due to similar growing conditions 

among planting dates (Table 2.4). There was also a significant difference among locations and 
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years based on the climate of that region. The southernmost and thus warmest site, Harrow, 

had the highest levels oleic acid accumulation. This observation supports the theory that 

warmer air temperatures during the seed fill period will result in elevated levels of oleic acid. 

Due to the biosynthesis pathway of fatty acids in soybean seed oil, when oleic acid levels 

increase, the levels of the polyunsaturated fatty acids decrease (Yadav, 1996). This was 

observed in the results as both linoleic and linolenic acid levels were below normal levels 

(Wilson, 2004). This could be useful to groups trying to suppress the levels of polyunsaturated 

fatty acids in soybean seed oil.  

Elevated oleic acid concentrations are desirable for both health and industrial purposes.  

The reason that high oleic soybeans are not widespread in global production today is because 

there is a yield penalty associated with these higher levels. Due to this yield penalty, which was 

observed in this study, it is not economical to produce soybean lines with modified fatty acid 

compositions commercially. There are breeding efforts in the public and private sector to 

develop soybean lines that express the increased oleic acid levels without any yield drag but 

nothing has become commercially available. The lines used in this study could be incorporated 

into these breeding programs to aid in introgressing the high oleic trait into a locally adapted 

soybean cultivar. Even if this is successfully accomplished, the environment still plays a major 

role in determining the expression of that trait. The environment and gene expression would 

have to be more stable in Ontario to justify producing any modified soybean lines commercially. 

However, the production of high oleic varieties would be most desirable for the warmer areas 

of Southwestern Ontario (>3400 CHU). The economics might be alleviated by processors 
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possibly offering a price premium. It will be difficult to commit to producing mid to high oleic 

lines commercially for economic and environmental concerns. 

Further research should be conducted in this field with a larger spread of planting dates 

to determine if a significant difference among dates can be observed for oleic acid 

accumulation. More extreme temperature regimes could also be implemented in a controlled 

temperature study to better understand the effects of each temperature extreme. Establishing 

if the daily high or the daily low is more influential in the production of oleic acid in the soybean 

oil could allow growers to better understand the potential limitations of growing a modified 

fatty acid soybean line on their farm. 
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Appendix A 

 

Table A1.1 Analysis of Variance of Oleic Acid Accumulation in Modified Fatty Acid Soybean 

Lines Across all Planting Dates and Locations 

Source   df Sum of Squares F Stat Probability 

 

  

    Planting Date   2 113.1242 0.58142 0.3511 

Cultivar   5 6861.3966 141.0617 <0.0001 

Cultivar*Planting Date   10 40.3053 2.4643 0.9387 

Error   198 1926.1874 

  Total   215 8941.0134 

  

      Significance at p=0.05 
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Table A1.2 Analysis of Variance of Oleic Acid Accumulation in Modifeid Fatty Acid Soybean 

Lines Across all Temperatures and Cabinets 

Source   df Sum of Squares F Stat Probability 

 

  

    Cabinet   2 240.579 4.197 0.23 

Temperature   2 1186.731 20.7033 <0.0001 

Temperature*Cabinet   4 287.815 2.5106 0.0588 

Cultivar   6 34807.595 202.4137 <0.0001 

Cultivar*Temperature   12 986.036 2.867 0.0072 

Error   36 1031.776 28.66 

 Total   62 38540.532 

  

      Significance at p=0.05 

      


