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ABSTRACT 

Chilling Injury occurs in cotton seedlings whenever the temperature drops 

below 15°C for a few hours during the first few days of germination. The fatty 

acid composition of the lipid components is proposed to be related to chilling 

sensitivity- Plants with more unsaturated fatty acids in the lipid components are 

believed to have greater cold tolerance. An experiment was designed to test the 

effect of temperature on the fatty acid composition of germinating cotton 

seedlings. Seed were germinated in growth chambers under eight different 

day/night temperature regimes. Seedlings were harvested 4, 6, 8 and 10 days 

after planting, separated into three vigor classes based on hypocotyl length, and 

cut into cotyledon, hypocotyl and radical fractions. The phospholipid fractions 

were extracted from the hypocotyls and radicals, and the fatty acids were 

methylated to fomri fatty acid methyl esters which were analyzed by gas liquid 

chromatography. LInolenic acid (18:3) concentrations were higher in the longest 

seedlings regardless of temperature. Fatty acid composition in the hypocotyls 

was related to growth, suggesting that linolenic acid concentration is related to 

growth rather than to temperature. In the radicals, fatty acid composition was 

related only to vigor class and not related to growth or to temperature. The 

unsaturated/saturated ratio did not appear to be related to growth or to 

temperature. 
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CHAPTER 1 

INTRODUCTION 

Hypothesis 

Cotton (Gossypium hirsutum) is a native of the tropics and is extremely 

sensitive to temperatures below 15° C. Temperatures often fall below this point 

during the growing season, especially in regions like the Texas High Plains 

where the growing season is already marginal for cotton. Low temperatures 

early in the growing season may slow emergence, reduce vigor or cause 

seedling death. Cool conditions are also associated with an increase in seedling 

disease. Most of the apparent low temperature damage In cotton occurs in the 

hypocotyls and roots. According to the cun̂ ent theory of membrane fluidity, this 

damage occurs when low temperatures cause the membrane lipids to solidify 

and solutes leak from the cell. This solute leakage simultaneously deprives the 

seedlings of nutrients and provides nutrition to pathogens that cause seedling 

diseases. It is expected that plants grown under lower temperatures will have 

higher percentages of unsaturated fatty acids in order to maintain membrane 

fluidity and resist damage. 

Obiective 

The purpose of this project was to assess the effect of germination 

temperature on cell membrane fatty acid composition. Cotton was germinated 



under different temperature regimes ranging from cooler to warmer than what is 

expected in the field. The germinating seedlings were separated Into vigor 

classes based on hypocotyl length, and the fatty acid composition of the cell 

membranes within each vigor class was determined by GC analysis. 



CHAPTER II 

TEMPERATURE AND GROWTH 

Introduction 

Temperature plays an Important role in the growth of plants. Each 

species, or possibly even each cultivar within a species, has unique minimum, 

optimum and maximum temperatures for growth and development. Below the 

minimum temperature, no growth occurs. Growth rates increase between the 

minimum and optimum temperatures and then decrease until the maximum 

temperature is reached, above which no growth occurs (Went, 1969). Plants 

exist at their optimum temperatures for only short periods during their life cycle 

due to diurnal and seasonal temperature fluctuations and therefore their growth 

rates are considerably less than their genetic potential. 

Cotton is native to tropical latitudes where diurnal temperature fluctuations 

are minimal and the warm season (growing season) is relatively long. However, 

cotton is grown as far as 35° N or S. As a result, cotton often experiences 

temperatures at or below its minimum temperature, especially at the beginning 

and end of the growing season. Numerous studies have linked these suboptimal 

temperatures to abnormal growth and developmental changes. 

The absolute minimum temperature for the germination of cotton is about 

12°C and chilling injury occurs at temperatures below 15°C (Christiansen and 

Rowland, 1986). Chilling injury Includes slowed growth rates, delayed seedling 



emergence, radicle damage and even seedling death depending on the 

temperature and duration of exposure. Chilling during the early stages of 

seedling growth can affect plant growth and fruiting patterns throughout the 

season and lead to a reduction in yield (Gipson, 1986). 

While it is known that chilling during the initial stages of seed hydration 

causes radicle tip abortion, and chilling after the radicle has emerged causes 

sloughing of the root cortex (Christiansen and Rowland, 1986), the underlying 

biochemical and metabolic causes of chilling injury are not well understood. The 

activities of some enzymes are retarded, and metabolic precursors build up in the 

roots. This suggests that the building blocks for root development are able to be 

transported from the cotyledons but not assimilated. 

Other work suggests that the membranes are a very important site of 

chilling injury. Leakage of sugars and amino acids from plants is believed to be a 

result of damaged membranes. These leaked solutes, may in turn, provide a 

food source for pathogenic organisms and result in increased susceptibility to 

disease in chilling Injured seedlings (Christiansen and Rowland, 1986). The 

ability of membranes to withstand chilling was linked to increased linolenic acid 

levels by St John and Christiansen (1976), who reported that seedlings with 

chemically-induced lower levels of linolenic acid were less able to withstand 

chilling. 

Above the temperatures that cause chilling damage but below the upper 

temperature limit, temperature is closely related to plant growth and 



development. This relationship is so well defined that the developmental stages 

of cotton are often described in terms of "degree days" or "heat units." Heat units 

are simply the average daily temperature minus a base temperature of 15°C for 

cotton (Mauney, 1986). This measurement attempts to quantify the relationship 

between developmental rate and increasing temperature. 

Reddy et al. (1992) looked at the effect of five temperature regimes, 

20/12, 25/17, 30/22. 35/27 and 40/32°C on the growth of cotton. They found that 

growth rates. In terms of mainstem elongation, leaf area and biomass 

accumulation, were highest at 30/22 and decreased at higher and lower 

temperatures. Developmental rates, in terms of numbers of nodes and fmiting 

branches, continued to increase with temperatures above 30/22. Another study 

showed that cotton root length density was greater in soils whose temperatures 

were within the thermal kinetic window for cotton for longer periods of time 

(Burke, 1995). It was also shown that when cotton was grown under 28/28 and 

28/20°C temperature regimes, the plants with lower night temperatures had lower 

levels of photosynthesis even though all photosynthesis measurements were 

taken during the 28°C days (Warner, 1995). 

In summary, the literature states that growth, developmental and 

metabolic rates of cotton are all dependent on temperature. Despite the many 

years of research, however, the exact temperatures cotton can tolerate and excel 

under are not precisely known. It Is even less clear how the various structures 

and metabolic processes are affected. 



Objectives 

The purpose of this phase of the experiment was to measure the effect of 

temperature on the growth of cotton hypocotyls and radicals. Hypocotyl growth 

was used as the criterion for establishing short, intermediate and long classes. 

This allowed a measurement of the effect of "vigor" on growth. This phase of the 

experiment generated the tissue used in the fatty acid analysis as described in 

Chapter III. Growth measurements were also used to help explain observed 

changes in fatty acid composition. 

Materials and Methods 

Cotton {Gossypium hirsutum var. Paymaster HS26) was germinated in 

growth chambers at eight different 12 hour day/night temperature regimes: 

30/25, 30/20, 30/15, 30/10, 25/25, 25/20, 25/15 and 25/10°C. A total of 800 seed 

were planted at each planting for each temperature regime so that 200 could be 

harvested at each harvest date. This insured that the seedlings could readily be 

separated into distinct vigor classes. Seedlings were harvested at 4, 6, 8 and 10 

days after planting. Seedlings were separated Into three classes using hypocotyl 

length as an Indicator of vigor. Each sample consisted of 10 plants, and two 

samples were taken from each vigor class. Seedlings were separated into 

hypocotyl, radicle and cotyledon fractions. Radicle and hypocotyl lengths were 

recorded, as well as, fresh weights for ail firactlons. Plants were then dried in a 

vacuum drier at 55°C and dry weights were recorded. 



Results and Discussion 

Hypocotyl length was chosen as the growth parameter by which seedlings 

were separated into vigor classes because hypocotyl length seemed to be less 

affected than radicle length by the growing conditions (paper towel germination). 

While the paper seemed to impede radicle expansion, hypocotyls continued to 

expand, sometimes beyond the borders of the paper. 

Seedlings were separated based on hypocotyl lengths into short, 

intermediate and long vigor classes. Because the harvest was destructive, It was 

impossible to follow the growth of individual seedlings. At each harvest time, the 

seedling lengths differed so quantitative values were not assigned but were 

measured. The assumption was made that the vigor classes represented similar 

seedlings at each harvest. Although many studies of growth have been reported, 

most begin with a set of uniform plants and follow the growth of individuals, or 

they report percent germination or stand establishment of a seed lot. This 

research is unique In its ability to recognize growth rate differences within a seed 

lot. 

Growth: Hypocotyl Length 

The effects of temperature on cotton seedling growth were clearly visible. 

Growth was less (or slower) at lower temperatures and increased with 

temperature (regression data In Appendix). The eight temperature regimes used 



in the study produced a nearly continuous range of growth responses. Because 

the vigor classes were purposely selected to represent distinct groups within a 

population rather than a continuous population, temperature effects had to be 

analyzed within each vigor class. 

Growth distribution curves were similar for each vigor class. Within a vigor 

class, seedlings with the same heat units had very similar growth responses, 

except for the three highest temperature regimes (Figure 2.1). In each vigor 

class, plants grown at 25/25°C grew more than those grown at 30/20°C even 

though both groups accumulated the same number of heat units. Seedlings 

grown at 30/25°C were longer than those grown at 25/25°C at days 4 and 6, but 

shorter at days 8 and 10 in the short and long vigor classes despite receiving 

more heat units. In the intermediate vigor class, seedlings grown at 25/25°C 

were longer from day 6 than those grown at 30/25. These differences may be 

due to the plants grown under higher temperatures, especially 30°C day 

temperatures, having higher rates of respiration and exhausting excessive 

carbon through maintenance respiration. Because the seedlings were not able to 

photosynthesize or obtain nutrients from other sources, they had a very limited 

amount of substrate available for growth. Under these circumstances, a higher 

rate of respiration could easily lead to a reduction in growth. 
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Figure 2.1. Hypocotyl length of cotton seedlings over four harvest 
dates and eight temperature regimes. 

Growth could be further explained in terms of growth rate (Figure 2.2.a 

and 2.2.b). At day 4, seedlings grown at 30/25°C had the highest growth rate (In 

centimeters per day) In all vigor classes, but by day 6 their growth rate had been 

surpassed by the seedlings grown at 25/25°C in all vigor classes, and by those 

grown at 25/20°C In the intermediate vigor class. This supports the idea that the 

higher temperature regimes allow faster growth, but with such a limited substrate 

supply, respiration quickly causes the growth rate to become slower, especially 

with the 30°C day temperature. 

In the intermediate and long vigor classes, growth rates in the five highest 

temperature regimes, 30/25, 30/20, 25/25, 30/15, and 25/20 (7.5-12.5 heat units 

per day), peaked at day 6 and began to decline. In the two next lowest 



temperature regimes, 20/15 and 30/10 (5 heat units per day), growth rates 

increased until day 8 and then began to decline. In the lowest temperature 

regime 25/20 (2.5 heat units per day), the growth rate continued to increase 

throughout the study. In the short vigor class, only the 30/25 and 25/25°C 

temperature regimes peaked at 6 days. The other six temperature regimes 

continued to increase until day 8, and the 30/15 temperature regime continued to 

increase its growth rate throughout the study. 

The decline in growth rates is probably due to the lack of substrate 

availability. Without an alternate source of reduced carbon and mineral nutrients, 

seedling growth rate declined as materials stored in the seed were used up. 

Growth rates declined In all vigor classes and temperature regimes (Figure 2.3.a-

h). The growth rates declined in the intermediate and short vigor classes without 

reaching the growth rates or seedling lengths of the long vigor class. This means 

that the short and Intermediate classes were not only slower to start growing, but 

did not have the potential to grow that the longer seedlings had. The fact that 

growth rates in the short seedlings did not begin to decline until day 8 for most 

temperature regimes, compared to day 6 for the long and intermediate classes, 

suggests that the shortest seedlings required longer to develop their full 

metabolic capacity than the other classes. 
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Figure 2.2 Hypocotyl growth rate of cotton seedlings over four 

han/est dates and eight temperature regimes in long 
and short vigor classes (a-b). 
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Figure 2.3. Growth rate of hypocotyl vigor classes was compared within each temperature regime (a-h). 
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Growth: Hypocotyl Dry Weight 

Hypocotyl dry weight was also used as a measure of growth. Within the 

25°C day temperature, dry weight Increased with increasing night temperature. 

The pattern was similar for the 30°C day temperature, except that by day 8, the 

25°C night temperature fell below the 20°C night temperature. In the 

intermediate class, the seedlings grown at 30/25 had the lowest dry weight of any 

seedlings grown at 30°C on day 10. 

When all temperature regimes were compared simultaneously, seedlings 

in the intermediate and short vigor classes were approximately grouped by heat 

units (Figure 2.4.a and b). Although seedlings receiving the same number of 

heat units were more similar to each other than to other seedlings, those grown 

at 25°C typically had slightly higher dry weights than those grown at 30°C. The 

relationship between heat units and dry weight was not clear in the long vigor 

class In the early stages of growth and by day 10 there was no clear pattern in 

terms of heat units or temperature regimes (Figure 2.4.c). In all vigor classes, 

the seedlings grown at 30/25°C had the highest dry weight until day 8 when they 

fell below the 30/20 and 25/25°C seedlings and continued to decline until day 10. 
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Figure 2.4 Cotton hypocotyl dry weight over four harvest dates and eight temperature 
regimes within the long, intermediate, and short vigor classes {SK). 
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Within each temperature regime, the short vigor class always had the 

lowest dry weight (Figure 2.5.a-h). Under all temperature regimes, the 

intermediate vigor class surpassed the long vigor class during the study. At the 

coolest night temperatures, 25/10 and 25/15, this did not happen until day 10. At 

30/10 and 30/15, this occurred by day 8. With the warmer 20 and 25°C night 

temperatures, the change happened earlier. At 25/20 and 25/25, the 

intermediate class weighed more by day 6. At 30/20 and 30/25, the long and 

intermediate classes were nearly the same at day 4, the intermediate class 

weighed more at day 6, and by days 8 and 10 the two classes were similar again. 

The lower dry weights of 30/25°C seedlings in the latter stages of the 

experiment and the overall lower dry weights of the 30°C day versus the 25°C 

day suggest that Increased respiration at higher temperatures played a role in 

seedling dry weight. The fact that the Intermediate seedlings typically had the 

highest dry weight but had less length suggests that increased respiration Is not 

negative, but a necessary component of growth. Dry weight alone should not be 

used as a measure of growth, but it Is useful for interpreting other growth 

measurements. 
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Figure 2.5 Hypocotyl dry weights were compared tjetween vigor classes within each temperature regime (a-h). 
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Growth rates, in terms of grams of hypocotyl dry weight per day, were also 

used to assess growth (Figure 2.6.a-b). The 30/25 and 30/20 temperature 

regimes exhibited their peak growth rates at day 4 in the long vigor class, and the 

30/25°C peaked at day 4 in the Intermediate class. The next warmest 

temperature regimes, the 25/25, 25/20, 30/15, and 30/10°C in the long vigor 

class and the 25/25, 25/20, 30/20, 30/15, and 30/10 in the intermediate class, 

peaked at day 6. The 25/15 and 25/10°C temperature regimes peaked at day 8 

in the long vigor class, and the 25/15°C did so in the Intermediate vigor class. In 

the Intermediate vigor class, the 25/10°C growth rate increased through day 10. 

In the short vigor class, only the 30/25 and 25/25°C temperature regimes had 

achieved their peak growth rates by day 6. All other temperature regimes 

peaked at day 8, except the 30/15 which increased throughout the study. 

Negative growth rates (weight loss) were observed at day 10 for the 25/25°C 

seedlings in the short vigor class and for the 30/20 and 30/25°C seedlings in the 

long vigor class. Negative growth was recorded for the 25/25°C seedlings in the 

intermediate vigor class for days 8 and 10. A loss in weight can only be 

explained by high respiration requirements In these seedlings. 
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Figure 2.6 Growth rate of cotton hypocotyls in terms of dry \A/eight 
over four harvest dates and eight temperature regimes 
within the long and short vigor classes. 
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The three vigor classes were compared within each temperature regime 

(Figure 2.7.a-h). The short class had the lowest growth rate at day 4 and the 

longest class had the highest rate. By day 6, In the five warmest temperature 

regimes (by heat units) the intermediate class had a higher growth rate than the 

long class. By day 8 the short vigor class had the highest growth rate in these 

five temperature regimes. By day 10, growth rates had fallen back below the 

rates recorded for day 4, except in the short vigor class at 30/15 and 25/20 (7.5 

heat units). For the cooler temperature regimes (by heat units), the growth rates 

of the intermediate class did not surpass those of the long class until day 8 at 

25/20 and 30/10 and day 10 at 25/15. In the 30/10 and 25/15°C temperature 

regimes (5 heat units), the Intermediate class had begun to decline by day 10 but 

still had a growth rate higher than it had at day 4. In the 25/10 temperature 

regime (2.5 heat units), all vigor classes had higher growth rates than at day 4 

although the long and short classes had begun to decrease. 
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Figure 2.7 Growth rates in terms of hypocotyl dry weight were compared between vigor classes and within each 

temperature regime (a-h). 
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Growth: Weight/Unit Length 

In order to better understand the relationship between hypocotyl growth in 

terms of length and dry weight, dry weight in milligrams per unit length in 

centimeters was analyzed (Figure 2.8.a-h). In the long and intermediate classes, 

weight/length ratio decreased with increasing night temperature. Although the 

short class was less uniform at the earlier harvest dates, by day 10 the same 

pattern held true. In the long vigor class at 30°C day temperatures, all of the 

night temperatures had fallen to about .2 mg/cm by day 10. When the three vigor 

classes were compared within a temperature regime, the long vigor class always 

had the lowest weight/length ratio except for the 25/10 at day 4. For the 30/25, 

25/25 and 25/20°C temperature regimes, the short vigor class had the highest 

weight/length ratio. At 30/20 and 25/15°C. the short seedlings had the highest 

weight to length ratio by day 6, and In the remaining temperature regimes, the 

short seedlings had the highest ratio by day 10. In general, these data suggest 

that more vigorous seedlings and seedlings grown at warmer temperatures are 

better able to translate dry matter accumulation into growth, thus decreasing 

weight/length ratios. However, losses In dry weight at high temperatures (due to 

respiration) would also lead to a decrease in weight/length ratio. 
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Figure 2.8 Efficiency of hypocotyl growth was expressed as weight per unit length for each vigor class within all 

temperature regimes (a-h). 
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Growth: Radicles 

Because seedlings were separated by hypocotyl length, radicle growth 

was much less uniform than hypocotyl growth (Figure 2.9.a-b). Growth in terms 

of radicle length and radicle dry weight was most clearty separated by night 

temperature. Growth at the higher night temperatures, 20 and 25°C, was higher 

than at the lower night temperatures, 10°C and 15°C, but this separation was 

only maintained through the sixth day of growth. 
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Growth rates in terms of centimeters of radicle length per day were at their 

highest recorded point at day 4 under the 30/20, 30/25 and 25/25°C temperature 

regimes, and peaked at day 6 In the other temperature regimes. Growth rates in 

terms of milligrams of radicle dry weight per day were at their highest points at 

day 4 in all temperature regimes. Rates of growth began declining earlier in the 

radicles than in the hypocotyls. This may be typical of radicle growth, or it may 

reflect limitations placed on radicle growth by paper towel germination processes. 

Conclusion 

Growth was directly affected by temperatures. Higher day temperature 

(30°C) resulted in higher Initial growth rates than lower day temperature (25°C). 

Initial growth rates also increased with increasing night temperature. The 

combination of high day temperature and high night temperature (20 and 25°C) 

caused a rapid decrease in growth rate so that by the last two harvest dates, the 

seedlings with lower night temperatures had higher growth rates. 
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CHAPTER III 

FATTY ACID ANALYSIS 

Introduction 

Membrane Composition 

Almost all plant membrane lipids are based on glycerol. In all plant 

membranes except the chloroplasts, phosphatidylcholine and 

phosphatldylethanolamine are the most Important lipids with phosphatidylinositol 

and phosphatidylserlne present In lesser quantities. Chloroplast membranes are 

composed mainly of glycosylglycerldes and phosphatidylglycerol. Other lipids, 

such as sterols, sphlngolipids and plasmalogens, are found In minor quantities in 

most membranes. 

Membrane lipids are distinguished by their lipid class and also by the 

types of fatty acids esterified to the sn-^ and sn-2 positions on the glycerol 

backbone. The particular fatty acids attached to a lipid make up the "molecular 

species" of the lipid. The lipid classes and their molecular species are carefully 

controlled according to the type of membrane and the plant species. 

Lipid Synthesis 

Plant lipid synthesis can be described in three parts; fatty acid synthesis, 

diacylglycerol synthesis, and finally, synthesis of the lipid itself. 
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In order to form fatty acids, acetyl-CoA is first carboxylated by the enzyme 

acetyl-CoA carboxylase to form malonyl-CoA. Once the malonyl-CoA is formed, 

it is used by the enzyme fatty acid synthetase as the source of two-carbon 

additions for forming fatty acids. The most common end products of fatty acid 

synthetase are palmitic and stearic acid (palmitate and stearate). Most plant fatty 

acids are then desaturated by desaturases of differing species and positional 

specificity. 

In order to form diacylglycerol, glycerol-3-phosphate is acylated at the sn-

1 and sn-2 positions by fatty acyl-CoA acyltransferases. This produces 

phosphatidate. Phosphatidate is hydrolyzed by phosphatidate hydrolase to yield 

diacylglycerol. Diacylglycerol Is used in the formation of phospholipids, as well 

as glycosylglycerldes and triacylglycerol. 

Phosphoglycerides are the most important phospholipids in plants and are 

formed by three different pathways: the formation of zwitterionic lipids, the 

formation of anionic lipids, and the conversion of one lipid into another. 

Zwitterionic lipids, such as phosphatidylcholine and phosphatldylethanolamine, 

are those lipids that have both positive and negative charges but no net charge. 

Anionic lipids are negatively charged lipids such as phosphatidylinositol and 

phosphatidylglycerol. 

The first step in the formation of zwitterionic lipids is the phosphorylation of 

the base by choline or ethanolamine kinases. The phosphorylated bases are 

then transferred to a cytldine nucleotide by cytldylyltransferases to form a CDP-
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base Intermediate. Finally the base phosphates are transferred from the CDP-

bases to diacylglycerol by cholinephosphotransferase or 

ethanolamlnephosphotransferase. 

In the formation on anionic lipids, phosphatidate is involved in a 

cytidyltransferase reaction with CTP to form CDP-diacylglycerol rather than being 

hydrolyzed to diacylglycerol. The CDP-diacylglycerol then reacts with inositol to 

give phosphatidylinositol or with glycerol-3-phosphate to give 

phosphatldylglycerol-3-phosphate which is dephosphorylated to give 

phosphatidylglycerol. 

There are also some possibilities for a phospholipid to be converted to 

another phospholipid. Phosphatidylserlne is made by a base exchange reaction 

between another phospholipid, such as phosphatldylethanolamine, and serine. 

Phosphatldylethanolamine can also be decarboxylated to form 

phosphatidylserlne. In some species, phosphatldylethanolamine can be 

methylated to form phosphatidylcholine. 

The fatty acyl moieties of membrane lipids are often removed and 

replaced at a much faster rate than the whole molecule. This may be In 

response to a particular need, or because fatty acids may be produced in 

different tissues than they are eventually used In. Phospholipids can be 

hydrolyzed by phosphollpases or acyl hydrolases. Acyl hydrolases are able to 

hydrolyze any acyl lipid. Under normal conditions, their activity Is carefully 

controlled, but when tissue is damaged, they may become destructive. 
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Phosphollpase A enzymes remove fatty acids from intact lipids. They act on 

specific positions with phosphollpase Ai acting on the sn-^ position and 

phosphollpase As acting on the sn-2 position. This allows a newly synthesized 

fatty acid to be transported to another location or the molecular species of a lipid 

to be remodelled. 

Membrane Fluidity 

Membrane structure is believed to be that of the "fluid mosaic" model. 

Because of their amphipathic properties, membrane lipids form bilayers with the 

hydrophobic fatty acid tails on the inside and the polar head groups facing the 

aqueous extracellular solution and cytoplasm. Various membrane proteins are 

embedded in the membrane bilayer. For the membrane to function properly, the 

lipids must be in a fluid, rather than solid or gel-like state. Since plants are 

unable to regulate their temperatures, the membranes must remain fluid over a 

wide range of temperatures. There are several lipid changes that can affect 

membrane fluidity. These include (a) the lipid to protein ratio, (b) the proportions 

of the lipid classes, (c) the degree of unsaturation, and (d) the molecular species. 

Plants grown at low temperatures often express higher lipid to protein 

ratios. This suggests that a higher proportion of lipids helps maintain membrane 

fluidity. A change In the proportions of the lipid classes can also change the 

fluidity. For example, an increase In the ratio of phosphotldylchollne to 

phosphatldylethanolamine would be expected to increase fluidity at low 
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temperatures because the transition temperature of phosphatidylcholine is 13° C 

lower than that of phosphatldylethanolamine for equivalent molecular species. 

Another possibility is "remodeling" or re-arranging the existing fatty acids. 

Mixing saturated and unsaturated fatty acids can lower the transition temperature 

below that of the saturated lipid. This would lower the "average" transition 

temperature of the membrane (although not as low as a lipid with two 

unsaturated fatty acids). Fatty acid chains of mixed length or composition are not 

able to form as stable of a crystalline structure. Therefore a reduction in the 

homogeneity of the membrane fatty adds would tend to decrease the transition 

temperature of the membrane. 

In the case of an increase In fatty acid unsaturation , it is thought that low 

temperatures activate desaturases or increase the production of new desaturase 

protein. The Introduction of a cis double bond can have a strong effect on the 

transition temperature of a membrane. Stearic acid has a transition temperature 

of 58° C, but the addition of a double bond in the delta 9 position to form oleic 

acid lowers the transition temperature to 14° C. The addition of more double 

bonds lowers the transition temperature further, although not as dramatically as 

the first double bond. The double bond causes a bend In the fatty acid chain, 

again inhibiting its ability to form stable crystalline structures (Harwood, 1997). 

Numerous studies have attempted to correlate membrane composition 

with freezing tolerance in plants. One such study involved evaluating the 

incorporation of "̂̂C Into phospholipids of chilling-sensitive lima bean and chllllng-
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resistant broad beans and peas during imbibition. The percent "̂̂C incorporated 

into phosphatidylcholine was higher in the chilling-resistant species, but 

incorporation into phosphatidylglycerol and phosphatldylethanolamine was higher 

in the chilling-sensitive species. The chilling-resistant species also had a higher 

phosphatidylcholine to phosphatldylethanolamine ratio. The lima beans had a 

higher double bond index than the broad beans and peas but a lower ratio of 

unsaturated to saturated fatty acids. These results suggest that the lipid class 

and the ratio of unsaturated to saturated fatty acids are important estimators of 

chilling sensitivity, while the double bond Index Is less Important (Dogras, 1977). 

A study of the plasma membrane composition of two Solanum species 

(potato) showed lipid changes following cold acclimation. A wild potato, Solanum 

commersonii, was considered to be freezing-tolerant, and a cultivated species, 

Solanum tuberosum was considered freezing-sensitive. Both species showed a 

decrease In palmitic acid and an increase in the unsaturated to saturated fatty 

acid ratio after cold acclimation. Lipid changes that were detected only in the 

freezing-tolerant species included an increase in phosphatldylethanolamine, an 

increase in linoleic acid and a decrease In linolenic acid (Palta, 1993). This study 

was unique In that it compared two genetically similar species. Studies using 

unrelated species have shown inconsistent results in the types of changes 

expected. More intraspecific work is needed to clarify these results. 

A comparison of the plasma membrane compositions of spring oats and 

winter rye found that the rye contained a higher proportion of phospholipids to 
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total lipids than oats. Rye also had a higher proportion of di-unsaturated species 

of phosphatidylcholine and phosphatldylethanolamine. After cold acclimation, 

the proportion of phospholipids and the proportion of di-unsaturated species 

increased In both oat and rye (Uemura, 1994). A similar experiment with 

yArad/cfops/s yielded similar results (Uemura, 1995). 

Experiments involving diverse species support the theory that cold 

tolerance and acclimation in plants involve differences in lipid class and 

molecular species. Based on this general background, several attempts have 

been made to characterize these effects in cotton. It was reported that there was 

a good correlation between unsaturated to saturated fatty acid ratios of dry seed 

and the ability of Pima cotton (G. barbaclense)Xo germinate at low soil 

temperatures. Lower correlations were reported for laboratory germination 

percentages. In this study, congelations were similar whether polar fatty acids or 

all fatty acids were extracted (BartkowskI, 1977). 

Further work on the relationship of environmental and genetic factors to 

cold tolerance was done In two master's theses at Texas Tech University. In the 

first study, several cotton varieties (G. hirsutum) were grown at different locations 

on the Texas High Plains. It appeared that environmental factors outweighed 

genetic factors. Cotton grown In the farther Northern counties had a shorter 

growing season, were less mature, and were less vigorous when germinated at 

cool temperatures. The immature seed had higher levels of unsaturated (oleic 
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and linoleic) fatty acids, while mature seed had higher levels of saturated 

(palmitic) fatty acid (Speed, 1995). 

The second thesis analyzed the fatty acid content of developing cotton 

seed. Bolls were harvested at different points in their development, and the seed 

was analyzed for fatty acid composition and percent gemnlnation under standard 

conditions. Again, maturity had the greatest effect on these components. 

Immature seed were high in linolenic acid, and as seed aged, linolenic acid 

decreased while oleic and linoleic increased. The more mature seed, those 

developed eariy In the season under warmer conditions, had higher germination 

percents than less mature seed (Berth, 1997). These two theses indicate that 

unsaturated to saturated fatty acid ratios of seeds do not play an important role in 

cold tolerance as had been reported previously. 

With these results in mind. It seems logical that the growing tissues of 

germinating cotton seedlings would be the most appropriate place to analyze 

fatty acid composition. This is the part of the cotton plant that is exposed to 

adverse conditions and shows signs of damage. It has been reported that cotton 

root tips have elevated levels of linolenic acid when grown under low 

temperatures (St. John, 1976). 



Hypothesis 

It was expected that plants grown under lower night temperatures would 

have higher unsaturated/saturated ratios and higher levels of linolenic acid. In 

addition, the most vigorous plants were expected to have higher 

unsaturated/saturated ratios and higher levels of linolenic acid, especially when 

grown under low temperatures. 

Oblectives 

The purpose of this phase of the experiment was to analyze the fatty acid 

composition in cotton hypocotyls and radicles. Fatty acid composition was 

analyzed with regard to several variables; tissue type (hypocotyl or radicle), 

temperature of germination (30 or 25°C day and 10, 15, 20 or 25°C night), vigor 

class as established by growth measurements, and growth. 

Materials and Methods 

This study evaluated environmental effects on the ability of cotton to 

germinate. A commercial cotton variety (Paymaster HS26) was germinated at 

eight combinations of day/night temperatures: 25/10, 25/15, 25/20, 25/25, 30/10, 

30/15, 30/20, and 30/25. Seedlings were harvested at 4, 6, 8, and 10 days after 

planting. 
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At each sampling time, seedlings were separated Into three vigor classes 

using hypocotyl length as an Indicator of vigor. Fatty acid content of the 

cotyledons and radicles was analyzed within each vigor class. 

The polar lipids were extracted from the ground tissue with a 2:1 

chloroform:methanol solvent. The solvent was removed from each fraction under 

N2 and the lipids saponified and methylated using BF3 in methanol. The fatty 

acid methyl esters were analyzed on an HP 5880 gas chromatograph using a 

capillary column 30m in length with a .25mm inner diameter and a .25nm 

cyanopropylmethylpolyslloxane liquid phase (J&W Scientific DB-23 column) and 

a flame ionization detector. 

Pearson correlation was used to establish relationships between variables 

in the polar lipid fractions of germinating cotton seedlings. 
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Results and Discussion 

Hypocotyls 

The five fatty acids commonly found In plant membranes were analyzed. 

These fatty acids are palmitic (16:0), stearic (18:0), oleic (18:1), linoleic (18:2) 

and linolenic (18:3). In addition, the unsaturated/saturated (U/S) ratio was 

analyzed because it had been reported to be an Important indicator of plant 

response to temperature In the literature. Within each temperature regime, fatty 

acid percentages were grouped by vigor class and graphed versus time (harvest 

date). This showed the relationship to temperature. Fatty acids were graphed 

versus hypocotyl length in order to show the relationship to growth. Pearson 

correlation was used to corroborate the visual findings (Table 3.1). 

Table 3.1 Pearson con-elation coefficients are shown for fatty acids, temperature, 

Day 
Temperature 
Night 
Temperature 
Hypocotyl 
Length 

Palmitic 
(16:0) 

-.198 

-.210 

Stearic 
(18:0) 

.221 

-.226 

-.421 

Oleic 
(18:1) 

.196 

.125 

-.127 

Linoleic 
(18:2) 

.219 

-.135 

-.431 

and growth. 
Linolenic 
(18:3) 

-.220 

.327 

.634 

p< .05 for all correlation coefficients shown 
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Palmitic acid did not show any clear pattem In relation to temperature or 

date of harvest (Figure 3.1). When plotted against hypocotyl length, palmitic 

acid did not appear to change. Pearson correlations did not show a significant 

relationship to growth, but showed a slightly negative relation to both day 

temperature and night temperature. There was no effect of vigor class on 

percent of palmitic acid. Palmitic acid did Increase slightly with harvest date. 

Altogether there were very small differences in palmitic acid with regard to the 

variables analyzed. 
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Figure 3.1. Palmitic add is shown as a function of hypocotyl growth. 

Stearic, oleic and linoleic acids showed slight decreases when plotted 

against hypocotyl length. Stearic and oleic acid percentages decreased over 

approximately the first five centimeters of growth and then remained fairiy 
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constant (Figures 3.2 and 3.3). Linoleic acid increased during the first two 

centimeters of growth and then decreased until about eight centimeters, after 

which, they too leveled off (Figure 3.4). These decreases In stearic, oleic and 

linoleic acid percentages con'espond to increasing linolenic acid percent during 

the first six to eight centimeters of hypocotyl growth. 

Stearic, oleic and linoleic acids were negatively correlated to growth, and 

linolenic acid was positively correlated, but the strength of these relations 

depended on the vigor class. In the short class, stearic and oleic acid had 

relatively strong negative correlations, and linolenic acid had its strongest 

positive correlation. This Is probably because the shortest seedlings grew slower 

and fatty acid concentrations were changing during more of the period of the 

study. (The short seedlings were more likely to be less than eight centimeters 

long; the period when changes in fatty add composition were most pronounced.) 

In the intermediate and long classes, the linolenic acid correlation to growth was 

not as strong. In the Intermediate class, only the stearic acid had a relatively 

strong negative correlation, and in the long class, only the linoleic acid did. In the 

Intermediate and short classes, most of the linoleic acid converted to linolenic 

acid was probably immediately replaced by more linoleic acid desaturated from 

stearic and oleic acid. In the long class, desaturation of stearic and oleic may 

have already declined to the point that the main change observed was the 

conversion of linoleic acid to linolenic acid. 
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Figure 3.2. Stearic acid is shown as a function of hypocotyl length. 
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Linolenic acid concentration were slightly negatively related to day 

temperature, while stearic, oleic and linoleic acids were slightly positively 

correlated. This relationship was also visible when the fatty acid percentages 

were graphed against hypocotyl length (Figure 3.5). This is probably explained 

by the strong relation, especially of linolenic add, to growth. The seedlings 

grown at higher day temperatures had slightly lower growth rates, as described in 

the previous chapter. 

Linolenic acid also had a relatively strong positive correlation to night 

temperature. Although this seems to contradict the negative correlation to day 

temperature that linolenic showed, it can also be described in terms of growth. 

The effect of temperature on linolenic acid concentration was not direct, but 

reflects the effect of temperature on growth. Higher night temperatures resulted 

In faster growth and higher linolenic acid concentrations. 
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Linolenic acid was the most unsaturated fatty acid studied and was the 

fatty acid most often described as conferring cold tolerance in the literature. In 

this study also, linolenic acid was the only fatty acid to exhibit a readily 

discernable change. Because fatty acids were described on a percent basis, 

increases in linolenic concentration had to be balanced by decreases In other 

fatty acids. These were the smaller and less readily discernable decreases in the 

other eighteen carbon fatty acids; stearic, oleic and linoleic. 

Linolenic acid was highest In the long vigor class (Figure 3.6) for every 

temperature regime and harvest date except the 30/25°C temperature regime at 

days 8 and 10. By day 10, linolenic acid concentrations were similar in all 

temperature regimes but were slightly higher for the 25°C day temperature 

compared to the 30°C day temperature with the same night temperature. 

Linolenic acid apparently Increased to a certain level, about 12%, and then 

stayed at that level. No temperature effect was recognized when the relationship 

of temperature to growth was taken into account. 
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The unsaturated/saturated ratio changed very little. When graphed with 

vigor classes and temperature regimes, changes were small and inconsistent 

across temperature and class. The unsaturated/saturated ratio was related to 

growth only in the short vigor class. This probably reflects the fact that the short 

vigor class also had the most pronounced Increase in linolenic acid. The 

relationship of the unsaturated/saturated ratio to night temperature is also similar 

to that of linolenic acid. Unsaturated/saturated ratio does not appear to be an 

important measure separately from linolenic acid concentration and probably is 

merely a reflection of stearic acid's ultimate conversion to linolenic acid. 

Radicles 

The same five fatty acids were analyzed in the radicle tissue. In the 

radicles there was no relationship of fatty acid composition to growth, but there 

was a relation to vigor class (Figure 3.7). The long vigor class had higher levels 

of palmitic and linolenic acid with progressively lower levels of these two fatty 

acids in the Intermediate and short vigor classes. Stearic, oleic and linoleic acid 

percentages were lowest In the long vigor class and higher In the intermediate 

and short classes. Although the fatty acid profile apparently did not change as 

the plants grew, the ability to grow was reflected In the fatty acid profile. 

The relationship of fatty acid composition to temperature was similar to 

that in the hypocotyls. Linolenic acid was higher under the 25°C day 

temperature than the 30°C day temperature. Oleic acid was also slightly higher. 
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Palmitic, stearic and linoleic acid were slightly lower under the 25°C day than the 

30°C day. There was no relationship to night temperature. Although a relation to 

day temperature and not to night temperature Is difficult to explain, it may be 

related to the higher respiration requirements under higher temperatures. Plants 

grown at 25°C days were able to use more of their available carbon for growth 

rather than respiration. 
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Figure 3.7. Linolenic acid is portrayed as a function of radicle length. 
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Conclusion 

The results of the experiment did not concur with the hypothesis. Total 

unsaturated/saturated fatty acid ratio did not change under the conditions of the 

experiment. Fatty acid concentrations did not appear to change in response to 

temperature in the experiment. In the hypocotyls, linolenic acid increased over 

the first 7-8 cm of growth, with a concurrent reduction in stearic, oleic and linoleic 

acid concentrations. In the radicles, fatty acid concentration did not change in 

response to growth. In both the hypocotyls and the radicles, linolenic acid was 

highest in the long vigor class, and stearic, oleic and linoleic acid were lowest. 

Growth In the hypocotyls depends on cell expansion because the 

hypocotyl does not contain meristematic tissue. Growth in the radicles depends 

on the production of new cells. Linolenic acid concentration increased with 

growth in the hypocotyl tissue, suggesting that increases in highly unsaturated 

fatty acids are related to cell expansion. Growth in the radicles did not depend 

on cell expansion, and linolenic acid concentration did not increase. 

The most vigorous, or fastest growing seedlings had the highest linolenic 

acid concentration in both the hypocotyls and radicles. This was true at all 

harvest dates. This suggests that fatty acid composition is genetically controlled 

and reflects the seedling's ability to grow rather than responding to environmental 

influences. 
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Table A.I. Summary of regression data for hypocotyl length versus time. 

Vigor Class 
Long 

Intermediate 

Short 

Temperature 
25/10 
25/15 
25/20 
25/25 
30/10 
30/15 
30/20 
30/25 
25/10 
25/15 
25/20 
25/25 
30/10 
30/15 
30/20 
30/25 
25/10 
25/15 
25/20 
25/25 
30/10 
30/15 
30/20 
30/25 

Mean 
3.93 
5.98 
8.51 
12.85 
6.62 
8.64 
10.93 
12.83 
2.85 
4.30 
6.20 
9.19 
4.63 
5.77 
7.71 
9.17 
1.78 
2.65 
3.95 
6.15 
2.55 
3.53 
4.86 
5.94 

R̂  
.94 
.96 
.96 
.85 
.96 
.91 
.93 
.77 
.95 
.94 
.96 
.84 
.97 
.89 
.92 
.81 
.82 
.76 
.92 
.84 
.75 
.75 
.91 
.85 

1 Intercept 
-3.50 
-4.50 
-4.16 
-0.38 
-4.08 
-4.06 
-1.05 
3.62 
-2.25 
-2.85 
-3.31 
-0.58 
-2.70 
-4.06 
-1.03 
1.59 
-1.10 
-1.61 
-2.77 
-1.46 
-0.89 
-1.98 
-1.51 
-0.46 

Slope 
1.06 
1.50 
1.81 
1.89 
1.53 
1.81 
1.71 
1.34 
.73 
1.02 
1.36 
1.40 
1.05 
1.28 
1.25 
1.05 
0.41 
0.61 
0.96 
1.09 
0.49 
0.79 
0.94 
0.91 
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Table A.2. Summary of regression data for hypocotyl dry weight versus time. 

Vigor Class 
Long 

Intermediate 

Short 

Temperature 
25/10 
25/15 
25/20 
25/25 
30/10 
30/15 
30/20 
30/25 
25/10 
25/15 
25/20 
25/25 
30/10 
30/15 
30/20 
30/25 
25/10 
25/15 
25/20 
25/25 
30/10 
30/15 
30/20 
30/25 

Mean 
13.99 
18.91 
21.43 
26.51 
19.06 
21.48 
24.99 
26.68 
13.32 
18.36 
21.85 
27.48 
19.83 
22.19 
26.07 
27.97 
8.56 
12.47 
16.22 
22.58 
11.33 
15.38 
19.44 
21.26 

R̂  
.96 
.94 
.90 
.76 
.79 
.76 
.72 
.31 
.95 
.98 
.83 
.71 
.96 
.85 
.69 
.08 
.74 
.72 
.89 
.63 
.64 
.72 
.84 
.65 

Intercept 
-5.25 
-7.11 
0.22 
2.15 
0.74 
4.48 
10.91 
19.70 
-9.21 

-10.06 
-3.90 
8.82 
-7.60 
-2.74 
11.13 
23.55 
-5.36 
-4.81 
-7.98 
1.45 
-3.99 
-6.17 
-4.09 
6.46 

Slope 
2.75 
3.72 
3.03 
2.15 
2.62 
2.43 
2.01 
1.01 
3.22 
4.06 
3.68 
2.67 
3.92 
3.56 
2.13 
0.61 
2.01 
2.47 
3.46 
3.02 
2.19 
3.08 
3.48 
2.11 
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Table A.3. Summary of regression data for radical length versus time. 

Vigor Class 
Long 

Intermediate 

Short 

Temperature 
25/10 
25/15 
25/20 
25/25 
30/10 
30/15 
30/20 
30/25 
25/10 
25/15 
25/20 
25/25 
30/10 
30/15 
30/20 
30/25 
25/10 
25/15 
25/20 
25/25 
30/10 
30/15 
30/20 
30/25 

Mean 
4.81 
6.52 
8.60 
8.63 
6.03 
7.48 
8.17 
9.21 
3.70 
4.91 
6.78 
6.92 
4.72 
5.21 
6.71 
7.20 
2.58 
3.40 
5.05 
4.70 
2.76 
3.43 
4.39 
5.79 

R̂  
.88 
.78 
.62 
.20 
.54 
.49 
.12 
.23 
.91 
.79 
.62 
..06 
.67 
.48 
.06 
.09 
.60 
.53 
.62 
.01 
.15 
.29 
.19 
.24 

Intercept 
0.41 
1.73 
3.99 
7.13 
2.92 
3.23 
7.38 
7.16 
0.09 
0.94 
3.58 
6.29 
2.19 
2.54 
5.93 
5.96 
0.19 
0.22 
0.90 
4.47 
1.93 
1.69 
1.89 
3.47 

Slope 
0.63 
0.68 
0.66 
0.21 
0.44 
0.61 
0.11 
0.30 
0.52 
0.57 
0.46 
0.09 
0.36 
0.38 
0.11 
0.17 
0.34 
0.45 
0.59 
0.03 
0.12 
0.25 
0.37 
0.33 
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