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ABSTRACT 

The Effects of Ageing and Low Temperature Pre-sowing Treatments on 
the Membrane Status and Germination Performance of Tomato Seeds 

Adele Francis 

Loss of viability and decreases in germination rate appear to be 
due to two independent causes during artificial ageing in tomato 
(Lycopersicon esculenturn Mill) seeds. only the second category 
of physiological damage is reversible: a low temperature pre
sowing treatment (LTPST) capable of greatly increasing gennination 
rate of unaged and aged seeds had no effect on gennination 
capacity. Leakage of ionic solutes from seeds did not increase 
following ageing, but there were increased losses of small 
organic molecules which LTPST did not reduce. Total protein 
levels were unaffected during ageing and LTPST, but changes 
occurred during germination. Controlled deterioration caused a 
progressive decline in total seed phospholipid (PL) content 
mainly due to losses of phosphotidylcholine (:EC):losses 
irreversible by LTPST. Following 72 h imbibition, there was 
a significant increase in total PL present in untreated and 
treated unaged seeds and significant changes in composition 
of the PL fraction. LTPST had no significant effect on PL 
composition of viable artificially aged and unaged seeds, 
indicating that viability losses accanpanying controlled 
deterioration are related to losses of PC, but decreases in 
gennination rate are not. Total PL fatty acid (FA} content 
increased significantly following LTPST and also following 24 h 
ageing. Losses of total FA's between 24 hand one week's ageing 
occurred and were more marked in pre-treated seeds. Antioxidants 
prevented the viability loss usually caused by one weeks ageing 
and sane but not all of the FA changes. Non-viable aged seeds 
were unable to activate the free radical scavenging enzyme 
superoxide dismutase (SOD) during imbibition unlike aged and non
lethally aged seeds. LTPST had no apparent effect on SOO levels. 
LTPST had the same promotory effect on germination rate of 
naturally aged seeds as it did on artificially aged ones. 
Similarly germination percentage was unaffected. Phospholipid 
changes occurring during a period of natural ageing of up to 17 
years were similar to those during artificial ageing. 
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INTRODUCTION 

Crop production depends to a great extent on the quality of seeds 

which are planted. Rapid, uniform and complete germination are 

required, and to this end vigourous seed must be sown. Many 

physiological factors can affect or limit seed performance and a 

clearer understanding of these is necessary if seed quality is to 

be improved. It has become increasingly clear in recent years 

that apart from conditions during maturation and harvest, storage 

environment and duration also exert a great effect on the vigour 

exhibited on sowing. One of the main aims of this thesis is to 

study the effect of seed ageing on the germination of tomato 

seeds (chosen as an economically important small semi-tropical 

seed). Artificialageing and low temperature pre-sowing 

techniques were used to manipulate seed g~rmination behaviour 

not only in an attempt to identify some of the limiting factors 

involved but also to determine whether any deteriorative 

changes could be reversed. Particular attention has been paid 

to changes in the physiology and biochemistry of seed 

membranes. 

The two most important environmental factors influencing seed 

longevity are temperature and moisture content. Generally, 

the lower the temperature and moisture content at which seeds 

are stored, the slower will be their deterioration. (Roberts, 

1972). There are many examples of seeds which can withstand 

little dessication, particularly among tree species, but apart 

from these recalcitrant exceptions, the lo'liiler the temperature and 

moisture content during storage, the longer will be the period 

of viability. Although this relationship is well defined, 
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(equations exist which can fairly reliably predict the survival 

time of certain seed species under specific conditions, Roberts, 

1973) the actual processes of deterioration are as yet undefined. 

In the seed industry, artificial ageing techniques (involving 

exposing the seed to adverse storage conditions (eg, raised 

temperature, and/or moisture content) can be used to predict 

the relative storability of seeds (eg, Delouche and Baskin, 1973, 

Matthews and Powell, 1981). In research, this artificial ageing 

technique is increasingly being used to study the cellular 

mechanisms of ageing (eg, Perl, Luria and Gelmond, 1978, Kole 

and Gupta, 1982, Halder and Gupta, 1982, Roos and Rincker,1982). 

Advantages over natural ageing are obvious: speed and controlled 

conditions. The processes of deterioration which occur under 

these artificial ageing conditions are assumed to be similar 

if not identical, to those which occur during natural ageing 

(eg, Delouche and Baskin, 1973). The main difference being the 

speed with which these changes occur. Recently, however, there 

has been some controversey over whether or not this assumption is 

valid (Priestly and Leopold, 1983). We were fortunate enough to 

obtain a series of naturally aged Kingley Cross tomato seeds 

(Courtesy of A. Newell, GCRI) and were able to make a study of 

how closely the effects of controlled deterioration mirrors 

natural ageing in this species. 

Pre-sowing seed treatments are aimed at improving germination and 

subsequent performance of seedlings (see review Heydecker and 

Coolbear, 1977). Generally the viability and rate of high 

temperature germination of tomato seeds is good (Thompson, 1974) 

but more rapid emergence at lower germination temperatures would 

improve the profitability of the vast majority of tomato crops 
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which are grown outside. A low temperature pre-sowing treatment 

(LTPST) which was shown to improve the rate of germination of 

seeds at 20°C was used in a series of experiments which integrated 

controlled deterioration with this beneficial LTPST. Any 

reversal of impaired germination performance by this LTPST may 

provide a means of identifying those processes in seed 

germination which are amenable to manipulation to maximize the 

potential of a given seed stock. In this way pre-sowing 

treatments and artificial ageing can be used as manipulative 

tools to investigate factors which may limit the performance of 

a given batch of seeds. 

In considering possible mechanisms of deterioration much evidence 

has been put forward to suggest that membrane status within 

the germinating embryo is an important factor (eg, Koostra and 

Harrington, 1968, Berjak and Villiers, 1972, Harrington, 1973, 

Pammenter, Adamson and Berjak, 1974, Harman and Mattick, 1976). 

The ability of the seed to re-organise its membranes successfully 

as the desiccated tissue rehydrates is crucial to successful 

germination (Simon, 1974). Natural or artificial ageing may 

impair the capacity for rapid repair and subsequent maintenance 

of functional cellular and organelle membranes. This capacity 

has been monitored in many species by examining leakage 

characteristics of dry seeds as they begin imbibition and a 

correlation between solute leakage accompanying a decrease in 

viability has been reported in many seed species (eg, Hibbard 

and Miller, 1928, Thomas, 1960, Nutile, 1964, Ching and School

craft, 1969 Harman and Granett 1972, Powell and Matthews, 1977). 

Membrane integrity in aged and treated tomato seeds was 

investigated by monitoring losses of various leachates from the 
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seeds during early imbibition in this study 

It has also been reported that ageing is accompanied by reduced 

phospholipid (PL) levels in cucumber seeds (Koostra and 

Harrington, 1969) and also by changes in composition in pea 

seeds (Powell and Matthews, 1981). This thesis considers changes 

in the membrane status of tomato seeds by studying their PL 

composition during the process of controlled deterioration, 

following the subsequent low temperature pre-sowing treatment 

and during germination. Electron microscope studies were also 

used as an additional qualitative means of evaluating cellular 

effects of ageing and pre-sowing treatments. 

The bulk of work on the structure of membranes during ageing has 

been done on animal tissues (Packer, Deamer and Heath, 1967, 

Hoschild, 1971) where it has been shown that cell membranes 

generate free rad~cals which may then lead to membrane 

destruction, mainly by lipid peroxidation during the normal 

course of metabolism (Marx, 1974). This has been suggested to 

occur in some varieties of seeds, although not in others. In 

part, the controversey arises over the difficulty in detecting 

these short lived radical species, and is discussed more fully 

subsequently. The degree of saturation of tomato seed membrane 

fatty acids during ageing was studied in order to assess any 

autoxidative damage. The use of antioxidants during controlled 

deterioration was also assessed to look more closely at the role 

of oxidation in the ageing process. Levels of superoxide 

dismutase (SOD) (an enzyme which scavanges the damaging free 

radical molecules) activity were measured to assess whether aged 

seeds had reduced levels of this protective enzyme. 
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Any insight into ageing mechanisms or means whereby the 

manifestations of ageing can be reversed or prevented will be 

of immense value to seedsmen who face the constant problems of 

seed storage. Not only do seeds have to be stored for relatively 

short periods awaiting planting and sale, but also as a failsafe 

for poor harvests. There is also the very great problem of 

genetic conservation necessary for crop breeding in the future 

(Frankel and Bennett, 1970, Frankel, 1973, and Frankel and 

Hawkes, 1975). Seed banks are generally advocated, as the storage 

technology is relatively simple but problems associated with this 

method include the constant re-growing of seeds (a laborious task 

when many thousands of species are involved) when, or preferably 

before seed stocks incur ageing damage. 
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CHAPTER TWO;: LITERATURE REVIEW 
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Chapter Two - LITERATURE REVIEW 

This review looks first at the processes involved in seed 

germination before considering those factors which may limit 

the process. The techniques of artificial ageing and 

presowing treatments as means of manipulating seed performance 

are then discussed. As this thesis concerns membrane status 

during ageing, the membrane biochemistry of seeds is discussed 

in some detail. The effects of ageing on membranes is covered 

in sections relating to different membrane components and also 

to mechanisms of ageing. 
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2.1: Germinative Metabolism 

This section of the review is concerned with those metabolic 

processes which occur during seed germination and those factors 

which limit radicle emergence rates and subsequent seedling 

growth rates. It is not within the scope of this review to 

discuss mechanisms of dormancy. 

2.1.1: The Process of Germination 

Germination is a series of events when a seed takes up water, 

shows a rise in general metabolic activity and the embryo emerges 

from the seed, usually radicle first. The first and most obvious 

process of germination is imbibition - the rehydration of 

cytoplasm involving reorganisation of the cellular membranes. 

This process will be discussed more thoroughly in a later part 

of the review concerning membrane integrity and leakage. 

One of the major processes which shows a marked rise during 

germination is respiration. Dry .seeds exhibit a very low 

rate of respiration which rises rapidly with the onset of 

imbibition. So the increase in respiration rate is the first 

readily observable metabolic event of germination. Respiration 

is a manifestation of increased metabolic activity driven by and 

using the raw materials from mobilisation of food reserves. 

Protein synthesis and nucleic acid metabolism are, at the same 

time, essential prerequisites and products of this process. 

This section will look at the process of germination in four 

sections: a) respiration; b) mobilisation of storage products; 

c) synthesis of nucleic acids and proteins; and d) ultra

structural changes. 
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2.1.1.1: Respiration 

A full review of respiration has recently been undertaken 

(Ching, 1972). The transition from the resting state to 

germination is accompanied in most species by a rapid rise in 

oxygen uptake, which plateaus on completion of imbibition and 

and is followed by a second rise. The first increase in oxygen 

uptake is due to hydration and activation of mitochondrial 

enzymes (Kolloffell, 1967). 

Evidence suggests that mitochondria from dry seeds are 

non-functional, not fully developed and may lack certain 

components of the electron transport chain (Opik, 1965, Bain and 

Mercer, 1966 and Mayer, 1974). New mitochondria are also formed 

during the early stages of germination (Wilson and Bonner, 1971). 

Glycolysis and the tricarboxylic acid cycle begin to operate 

very early in germination and (Collins and Wilson, 1972). In 

barley embryos the tricarboxylic cycle can be detected after 15 

minutes imbibition (Collins and Wilson, 1975). The precise 

sequence of events that occur during seed respiration are as yet 

unknown, as are the precise energy requirements of the transition 

from resting to germination. 

Plant mitochondrial DNA is usually circular and double stranded 

and as its complexity is much greater than that of most other 

organisms it is the subject of much current research (Grierson 

and Covey, 1984). Mitochondria contain their own characteristic 

DNAs and RNAs and protein synthesising systems. The bulk of 

mitochondrial proteins seem to be nuclear coded, translated in 

the cytosol and then brought to the mitochondria (Tribe and 

Whittaker, 1982) Thus it seems that 
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the mitochondrial ribosomes are hybrid structures assembled from 

components of organelle and nuclear origin. One of the most 

interesting areas of plant mitochondrial DNA research concerns 

so called 'promiscious DNA' (Ellis, 1982). There is evidence 

that these promiscious DNA sequences can move from one organelle 

to another. For exampl~, there is evidence of a nuclear gene in 

the mitochondria of Neurospora. The mechanisms of this 

transferral are as yet unclear. It may occur when organelles 

come into close contact or may involve more specific mechanisms. 

2.1.1.2: Mobilisation of Storage Products 

The rapid increase in metabolism during germination is 

accompanied by the utilisation of food reserves, which are 

usually located in the endosperm> cotyledons or embryo axes. 

These reserve materials consist mainly of proteins, lipids and 

carbohydrates and are hydrolysed during germination and their 

products transported to the actively growing embryo cells. 

The major storage organ of tomato seeds is the endosperm, 

although axes are also important (Bewley and Black, 1983). 

Reserve proteins are located in protein bodies in dry seeds and 

during germination proteolytic enzymes hydrolyse storage proteins 

to amino acids which are transported to the embryo for use in 

synthesis of new-proteins. Seed proteins are classified, based on 

their solubility, into four groups (Osborne, 1924). Albumins are 

soluble in water at neutral or slightly acid pH and are 
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heat-coaguable. These are mainly enzymic proteinso Globulins 

are insoluble in water, but dissolve in salt solutions. Glutelins 

are insoluble in water, salt solutions and ethanol, but can be 

extracted with fairly strong acidic or alkaline materials. 

Prolamines dissolve in ethanol, but not watero The major reserve 

proteins of dicotyledons are globulins, many of which are 

glycoproteins (Ericson and Chrispeels, 1973, Ashton, 1976, and 

Pernollet, 1978). 

The site of proteolysis is thought to be the protein bodies 

(Ashton, 1976). Ultrastructural evidence suggests that vesicles 

originating in the rough endoplasmic reticulum may mediate the 

transport of an enzyme from its place of synthesis to the protein 

bodies (Harris, Chrispeels and Boulter, 1975). Protein 

degradation and a rise in proteolytic activity usually begins 

after a lag of one or more days (Harvey and Oaks, 1974). 

Proteases can be classified into three groups with regard to 

the substances they act on: 

1) ENDOPEPTIDASES cleave the internal bonds of polypeptides to 

yield smaller polypeptides. 

EXOPEPTIDASES 

2) AMINOPEPT!DASES sequentially cleave the 

terminal amino acid from the free amino end of 

the polypeptide chain. 

3) CARBOXYPEPTIDASES as am.inopeptidases but single 

amino acids are sequentially cleaved from the 

carboxyl end of the chain. 

The liberated amino acids may then be used for protein synthesis 
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in the embryo. The present understanding of proteolysis during 

germination is still fairly limited and less is known about 

the processes involved than for example in carbohydrate and 

lipid metabolism (Bewley and Black, 1983). 

The carbohydrate reserves of seeds are mainly oligosaccharides 

and polysaccharides such as starch. Soluble carbohydrates serve 

as sources of energy early in seed germination. A schematic 

illustration is given below (Fig 2.1) of the utilisation of 

carbohydrate and protein reserves during germination. 
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Fig 2.1: Utilisation of carbohydrate and Protein Reserves 

During Germination (Mayer and Marbach, 1981) 

TIME SCALE f-(--MINS --X--- HRS----~X---DAYS ----
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proteolytic activity SYNTHESIS 

PROTEIN RESERVES t )Partial--1---+ J' s 

degradation J 

Rise in proteolytic 

activity synthesis 

and activation 
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Triglycerides are the most important storage lipids in seeds. 

Triglyceride reserves are stored in organelles called lipid bodies 

(sometimes called spherosomes). The general pattern of lipid 

breakdown and conversion is summarised in Fig 2.2. 

It is thought that lipid bodies contain or acquire part or all of 

the enzymes required for the breakdown of storage lipids to fatty 

acids and glycerol. This is the first step in triglyceride 

breakdown and is carried out by lipases. It is assumed.that the 

glycerol formed becomes part of the general carbohydrate reserve. 

present in the seed for purposes such as respiration. The free 

fatty acids formed are then degraded by oxidative reactions to 

form compounds containing fewer carbon atoms. The major oxidative 

pathway is p-Oxidation which has been shown to occur in many seed 

species (Rebeiz, Breidenbach and Castelfranco, 1965) but fatty 

acids may also be broken down byo<. -oxidation. 

In f-Oxidation the fatty acid is broken down to acetyl CoA by a 

series of reactions involving the sequential removal of two 

carbon atoms. d,.. -oxidation of fatty acids involves the sequential 

removal of one carbon at a time from free fatty acids of chain 

length ranging from c 13 to C1s· It is unlikely that complete 

oxidation occurs in this manner and its physiological significance 

is unclear. It could well serve to shorten the fatty chains to 

even lengths and so allow their degradation by i3-0Xidation 

(Bewley and Black, 1983). 
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Fig 2.2: LIPID BREAKDOWN AND CONVERSION IN GERMINATING SEEDS 

ADAPTED FROM MAYER AND MARBACH, 1981 
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In many seeds the disappearance of lipids is accompanied by the 

appearance of carbohydrates. Directly coupled to the ~oxidation 

system is the glyoxylate cycle which takes in the acetyl CoA and 

in a series of enzymic reactions links it to the glycolytic 

pathway which then operates in reverse to form hexose (Chapman 

and Galleschi, 1985). Glyoxysomes, small cell organelles having a 

single outer membrane, contain the enzymes required for the 

glyoxylate cycle as well as those required for ~-oxidation. 

Glyoxysomes are formed during germination, although some may be 

present already in the dry seeds or develop during stratification. 

Their formation is clearly linked to the onset of lipid 

utilization. All evidence indicates that glyoxysomes arise from 

the endoplasmic reticulum ( Hruban and Rechagl, 1969, Vigil 1970). 

They are formed with their full enzyme complement and their 

presence has been reported in many seed species (Mayer and 

Marbach, 1981). An unusual feature of glyoxysomes is that 

they disappear after the lipid reserves have been broken down, 

although the mechanisms involved are unclear. 

2.1.1.3: Synthesis of Nucleic Acids and Proteins 

Protein synthesis does not occur in dry seeds but starts when 

cells are sufficiently hydrated to allow cytoplasmic ribosomes 

to associate with mRNA and has been detected within minutes of 

the start of imbibition in some species but not for several hours 

in others. Techniques for the study of protein and nucleic 

synthesis have improved dramatically in the last few years and 

depend on the incorporation of radioactive amino acids or 

nucleotides into growing polypeptide or nucleic acid chains. so 

the availability of the substrates at the site of synthesis may be 

a limiting factor 
-25-



(Bewley and Black, 1983). Embryos and axes have the ability to 

synthesise not only mRNA but all types of RNA soon after tissue 

hydration and long before radicle elongation. Weeks and Marcus 

(1971) presented evidence on the controversial question of 

whether RNA synthesis is a necessary prelude to protein synthesis 

in the imbibing seed. Their work on wheat embryos suggests that 

RNA is present in the dry embryo in the messenger fraction and 

this quickly becomes attached to ribosomes during early imbibition 

forming the active protein synthesizing polysome complex. Other 

work (Spiegel and Marcus, 1975) has shown that isolated wheat 

embryos can synthesise mRNA very soon after the start of 

imbibition and that the rate of synthesis is maintained at a 

constant level throughout the first 18 h (radicle elongation 

commenced at the 6th h). However, until recently it appeared that 

this new mRNA synthesis was not essential for resumption of 

protein synthesis during imbibition. The current view concerning 

'stored mRNA' is that it is probably mostly residual mRNA from 

seed development. It is believed to be degraded early in 

germination and to serve little or no function after imbibition. 

The new mRNA is therefore required for germination and growth 

(Grierson and Covey, 1984). 

The information concerning RNA and protein synthesis in storage 

organs is less clear. It is known that not all regions of a 

storage organ exhibit the same pattern of metabolism during and 

after im.bibition. Dry cotyledons appear to retain all the tRNA 

species and appropriate tRNA synthetases necessary for protein 

synthesis to occur on rehydration (Arnason and Fowden, 1970). 

They also retain their ribosomes and rehydration brings the 

formation of polysomes and redistribution of ribosomes within 

the cells. 
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Initial growth of the radicle is usually due to cell elongation, 

and emergence through the seed coat may or may not be 

accompanied by cell division (Bewley and Black, 1983). The 

timing of the onset of DNA synthesis in different tissues of a 

germinated seed can vary considerably and, with cell division, can 

be regarded as largely a post germination process. 

Fig 2.3 summarises the processes involved in protein synthesis 

during the transition from resting to germinating seeds. A 

comprehensive summary of the biochemistry of the transition from 

resting to germinating state in seeds is given by Mayer and 

Marbach (1981), Mayer and Poljakoff-Mayber (1982) and Bewley and 

Black (1983). 
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Fig 2.3: Protein Synthesis in Germinating Seeds (Mayer+ Marbach, 

(1981) 

•(-----Dry Seed---) +-----Seed Germination--------~ 
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Synthesis 
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2.1.1.4: Ultrastructural Changes during Germination 

This section reviews ultrastructural changes during germination 

with particular relevance to membranes. 

Changes in the fine structure of the wheat scutellum during 

germination were studied (Swift and O'Brien, 1972) during the 

first 5 days of germination. Within 6 hours of the start of 

imbibition small starch grains appeared in the plastids and the 

size and number of starch grains increased gradually as 

germination proceeded. The protein bodies where hydrolysed during 

the first 24 hours in the epithelial cells leaving small vacuoles. 

These vacuoles gradually coalesced. Hydrolysis of the protein 

bodies in the parenchyma cells was slower but followed the same 

pattern. Later in germination most of the protein reserves had 

disappeared from both types of cells with only very few large 

vacuoles remaining. 

At 6 hours free ribosomes were very abundant and membranes were 

generally indistinct. At 24-30 hours there were fewer free 

ribosomes but numerous others were associated with cisternae of 

now well defined ER or in small aggregates, which supports the 

suggestion that polysomes may not be able to withstand desiccation 

(Marcus and Feeley, 1964). The mitochondrial cristae increased 

gradually from 6 hours until 24 hours when they were well 

developed. By 6 hours the chromatin was distributed evenly 

throughout the nucleus :ln small clumps. Lipid bodies were 

abundant :ln both epithelium and parenchyma and showed no 

detectable changes in appearance or distribution 12 hours after 

soaking, but by 24 hours they had started to decline but 

utilization was slow. 
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Changes in the fine structure of lettuce seeds (Lactiva sativa) 

were studied during the first 4 days of germination (Srivista 

and Paulson, 1968). The first detectable changes began in 

epidermal and cortical cells in approximately 12 hours, later than 

in wheat scutellum. The nuclear envelope and pores became 

distinct. The mitochondrial membranes became more clearly defined 

and the number of cristae increased as germination proceeded. 

Some of the most significant changes were observed in the 

plastids. During the first few hours of imbibition plastids 

changed from being ill defined, to large well defined structures, 

the outer membrane becoming clear. At 36 hours of germination 

aggregates of ribosomes or polysomes were found on profiles of ER 

and in the ground cytoplasm. The disappearance of protein bodies 

from the root tip lead to the formation of numerous small 

vacuoles, some of the vacuoles then fused. The disappearance of 

the lipid bodies occurred at the same time as that of protein 

bodies. 

Ultrastructural changes observed in pea cotyledons (Bain and 

Mercer, 1966) during the first 5 days of germination followed 

much the same pattern. Mitochondria started off as membrane 

bound organelles with no internal structure. As germination 

proceeded so did the development of cristae. Protein bodies were 

hydrolysed but it was not clear if the vacuoles left then fused. 

By 48 hours mitochondrial cristae were fully developed and 

Golgi body structure was complete. Seventy-two hours after 

imbibition the beginnings of the ER were detectable as fused 

vesicles forming a series of parallel pairs of membranes. At 96 

hours the membrane system in the cytoplam had increased by 

further fusion of vesicles and nuclei were enlarged. Five days 
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into germination the cytoplasm was permeated by the ER network. 

nuclei had greatly enlarged and were very lobed. 

A slightly different pattern was found in wheat scutellum during 

germination (Swift and O'Brien~ 1972) where there was some 

suggestion of rough ER present at 6 hours of germination. By 

24 hours the ER had increased considerably in length and 

abundance. 

Eggers and Geishman (1971) looked at protein bodies in germinating 

tomato seed cotyledons. At 12 hours after the start of 

germination protein bodies were enclosed by a membrane and 

surrounded by numerous sac-like or spherical particles. These the 

authors identified as spherosomes containing lipid and enzymes. 

These lipid bodies are often associated with protein bodies (Swift 

and O'Brien> 1972, Srivista and Paulson, 1968). At 3 days after 

the start of germination the protein bodies swelled and cavities 

became apparent around their outer edges. Eventually, they swelled 

and coalesced. 

These changes in the organelles of cells can be correlated with 

the increase in metabolic activity that accompanies germination. 

Soon after seeds are imbibed their respiratory activity increases 

several fold. This is accompanied by the appearance .of 

cristae in mitochindria. Protein and lipid utilization are 

accompanied by the breakdown of their respective storage bodies. 

During hydration membranes become more clearly defined as they 

change their molecular structure. 
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How ultrastructural and biochemical changes may be responsible for 

failure to germinate in aged seeds is discussed in the next section. 
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2.1.2: Factors Umiting Germination 

Introduction 

We have already seen that germination is a complex series of events. 

The failure of any one of these can result in loss of seed vigour 

or viability. By looking at the ultrastructure and biochemistry of 

both high and low vigour seeds during germination it should be 

possible to define some of the limiting factors. In the last section 

we saw that during imbibition there is a marked increase in 

respiratory activity with mitochondria being formed and the 

ultrastructure of those already present changing. Non-viable maize 

(Berjak and Villiers, 1972), rye (Hallam, 1973, Hallam et al, 1973) 

and rice (Vishnyakova et al, 1976) embryos have all been found to 

contain grossly distorted mitochondria far more so than in dry 

cells of viable seeds. In rice seeds, (Vishnyakova et al, 1976) the 

mitochondria enlarged and then disintegrated and at no time had as 

high levels of cytochrome oxidase activity as did mitochondria of 

viable embryos. Further results suggesting that respiration could 

be a limiting factor in germination come from clover (Ching, 1973) 

in which it was reported that a lowered ATP content was present in 

seeds which had been aged for several years. The author even 

suggested the use of ATP content as a biochemical test for seed 

vigour. A similar decline was noted in barley grains (Van 

Onckelen, et al, 1974). These results suggest that respiration is a 

limiting factor in germination. 

In non-viable cells of rice grains, lipid bodies became fused during 

imbibition (Vishnyakova, 1976) unlike those of viable embryos which 

remained intact. This phenomenon was also reported in non-viable 

Protea compacta embryos (Van Staden, et al, 1975) where in the 

root tip cells the lipid bodies coalesced to form large amorphous 
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masses during imbibition. 

Loss of viability is also accompanied by other changes in stored 

food reserves. Van Staden (1975) reported that the main difference 

between viable and non-viable Protea compacta embryos was that the 

latter appeared to be incapable of utilising free fatty acids which 

provide the energy necessary for radicle growth. Despite the fact 

that the lipid bodies had coalesced, non-viable embryos still 

possessed the ability to break down triglycerides (as lipid bodies 

themselves contain lipases required for the triglyceride 

hydrolysis (Ory, et al, 1968) this is not surprising) but, in 

contrast to viable embryos no starch accumulated. It appeared 

that this block to energy release was related to the fact that 

non-viable embryos were unable to develop glyoxysomes which are 

involved in the conversion of free fatty acids to carbohydrate 

(Gerhardt and Beevers, 1970, Vigil, 1970). Non-viable embryos had 

less observable ER than did viable embryos, so the lack of 

glyoxysomes and hence the inability to convert the free fatty 

acids could be due to damage at the transcriptional level 

(see below). 

The storage proteins of most seed species> including tomatoes 

(Eggersand Geishman, 1971) are found in well defined protein bodies. 

These are small membrane bound particles between 1-10 nm in 

diameter and in addition to protein often,, carry phytin. The 

protein bodies are apparently derived from the ER during seed 

formation. During germination the storage proteins are broken 

down, the protein bodies disappear and give rise to vacuoles which 

finally fuse into a large single cell vacoule(Ashton 1q1s)In several 

seeds,ageing has been shown to increase proteolytic activity 
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( Ching and Schoolcraft, 1968, common. clover and perennial ryegrass; 

Perl, Lucia and Gelmond, 1978, Sorghum). This increase in endogenous 

hydrolytic activity might lead to disturbances in metabolism which 

may play some part in reducing seed vigour. 

Vishnyakova et al (1976) reported that the nuclei of non-viable rice 

grains were degenerative and there are many reports of chromosome 

abberations in non-viable seeds. A full review of this topic is 

given by Roberts (1972, 1973). A few typical examples are cited 

here. Seeds of aged, but still viable broad bean (Vicia fabia), 

garden peas (Pisum sativum) and barley (Hordeum distichon) all 

exhibited chromosomal breakages during anaphase of the first 

mitotic division (Roberts, 1972). For a given population of aged, 

but still viable seeds, the frequency of abber .ant cells does 

not seem to exceed a certain value peculiar to that species. 

Seeds may accumulate chromosomal damage during ageing, and when 

the_number of cells affected reaches a certain critical number, 

the seed cannot germinate. Further chromosomal damage in non

viable seeds cannot be detected by looking for abberations 

during mitosis because such seeds do not complete germination 

or undergo subsequent cellular division (Bewley and Black, 1978). 

Non-viable pea embryonic axis tissue (Bray and Chow., 1976) rye 

embryos (Roberts and Osborne, 1973) and seeds of Mrostemma githago 

(Hecker and Huth, 1975) have all been shown not to synthesize DNA 

following imbibition. Ray and Gupta (1979) reported that the DNA 

content of rice grains declined with increased storage time. I.n 

contrast., Ching (1972) and Abdul-Bald and Chandra (1977) reported 

no loss of viability in clover and soybean seeds respectively. 

Perhaps total nucleic acid measurements are misleading: rates of 
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synthesis and functional integrity are more important. Abdul-Baki 

(1971) reported the limiting factor in germination of low viability 

soybeans was a decline in protein synthesis. Subsequent reports 

supported this in other species (Abdul Baki and Anderson, 1973; 

Ching, 1972; Roberts and Osborne, 1973; Roberts, Payne and 

Osborne, 1973; Van Onckelen, Verbee,c and Khan 1974).. In rye 

embryos (Hallam, Roberts and Osborne, 1977) this inability to 

synthesize RNA, has been reported although even a little 

synthesis may carry on in non-viable tissues. In rye embryos 

loss of viability is associated with a decline in incorporation of 

radioactive precursors into all major classes of RNA (Ching, 1972; 

Sen and Osborne, 1977). This loss of capacity for protein synthesis 

could be a consequence of an impaired transcription mechanism due to 

nuclear DNA damage (Roberts, 1972). However, protein synthesis also 

seems to be impaired at the level of translation (Roberts and 

Osborne, 1973; Roberts, Payne and Osborne, 1973; Osborne, et al, 

1974; and Osborne, Dobrzanska and Sen, 1977). 

The coalescing of lipid bodies in aged seeds (Vishnyakova et al, 

1976; Van Staden et al, 1976) may be due to breakdown of their 

enclosing membranes. Electron microscope studies of many seed 

species including maize (Berjak. and Villiers, 1972), rice 

(Vishnyakova et al, 1976), rye (Hallam, Roberts and Osborne, 

1973) and Protea compacta (Van Staden et al, 1976) have indicated 

membrane damage in dry non-viable embryos, damage which is 

increased on imbibition. Some of the ageing damage observed 

includes mitochondrial distortion or breakdown, small fragments of 

ER.with no ribosomes, disintegrating plastids ► lobed nuclei and 

condensed chromatin, all of which indicate severe membrane 

degeneration. 
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Damage caused by ageing is fully discussed in sections 2.2 and 2.4. 

Thus there is evidence that several factors are involved in 

limiting germination. Protein synthesis, or rather lack of it, 

chromosome damage, failure to mobilise food reserves, respiratory 

inactivity and inability to reorganise membranes during rehydration 

are all implicated in loss of vigour and the failure of non-viable 

seeds to germinate. It may be that a combination of these 

processes exert a limiting effect or that different systems are 

of relatively different importance in different seed species. The 

next section considers how artificial ageing may be used as a tool 

to try and define some of those factors which may limit germination. 
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2.2: Artificial Ageing 

This section of the review looks at two aspects of seed 

treatments, firstly the technique of artificial ageing and its 

applications, not only as a means of testing seeds for storability 

but also at its increased use as a method of assessing ageing 

damage without having to obtain naturally aged seeds. Secondly, 

pre-sowing treatments designed to improve the germination of non

dormant seed stock will be reviewed. 

Effects Achieved by Artificial Ageing 

Examples of published methods of artificial ageing are smmnarised 

in table 2.1. it is apparent from the table that all methods of 

artificial ageing (AA) depend on keeping seeds in an unfavourable 

environment, with only the degree of severity changing in terms of 

storage temperature and relative humidity. For detailed data on a 

wide variety of seed species see Byrd and Delouche, 1971 and 

Delouche and Baskin, 1973. 

Helmer, Delouche and Uenhard (1972) working with clover seeds 

reported that several days exposure to very high levels of 

relative humidity and temperature (100% and 35-40°C respectively) 

lead to decreased levels of emergence and loss of vigour which 

lead them to propose that this artificial ageing technique might 

be useful in predicting the storage potential of seeds. 

A variety of seeds have been subjected to this artificial ageing 

technique (Delouche and Baskin, 1970) using two main storage 

regimes> 45°C and 100% RH which aged the seeds within 8 days and 

the less severe 30°C with 75% RH for up to 24 weeks. Germination 

responses after periods of both storage regimes were similar for 

seedlots of corn,. watermelons, and onion. With few exceptions 
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Table 2.1: Examples of Artificial Ageing Methods and the Effects 
Achieved Using Fresh Seeds 

SPECIES 

' Wheat 

Barley 

Soybean 

Soybean 

Soybean 

Soybean 

Soybean 

Pea 

Pea 

Cotton 

Pennlate 
Orchard 
Grass 

To'mato 

Peanut 

CONDITIONS OF A.A. MAXIMUM AGEING PERIOD REFERENCE 

TEMP RH M/C AND VIABILITY ATTAINED 

sa 0 c 14% 15 days 35% Dell Aquila et al 
1978 

40•c 100% 15 days 30% Abdul Baki + 
Anderson, 1970 

2s•c 20% Abdul Bald + 
Chandra 1988 

4o•c 95-100% 7 days 10% Bucharov + 
Gantcheff 1984 

ss•c 85% 23 days NOT REPORTED Chapman 1977 

4o•c 100% 5 days 0% Priestly + 
Leopald 1979/83 

44•c 100% 6 days 0% Ohlrogge + Kernan 
1982 

a) 2s•c 93% 6 weeks 55% Powell + Matthews 
b) 45°c 94% 4 days 72% 1977 
cl 1o•c 45% 7 weeks 100% 

3o•c 90% 10 weeks 20% Harman + Mattick 
1976 

45•c 100% 96 hours 7-63% depending Bourland + Ibrahim 
on Cultivar 1982 

a) 21°c 90% 8 weeks 84% 
b) 32•c 50% 35 weeks 74% 
c} 21°c 70% 35 weeks 68% 
d) 32°c 70% 20 weeks 58% 

Roos + Rinkler 

e) 38°C 10% 10 weeks 49% 1982 

f) 32•c 9% 33 weeks 38')(, 
g) 38°C 15% 29 days 32% 

45•c 70% 1 week 0% Coolbear + Francis 
~ 1984 

38°C 90% 28 days 15% Pearce+ Abdel 
Samad 1980 
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those lots that had high survival after the severe regime stored 

well, while lots that were severely reduced in germination by the 

same storage regime of 8 days at 45°C and 100% RH declined rapidly 

in the less severe storage conditions which the authors called 

'natural ageing' although 30°C and 75% RH is probably more severe 

than most temperate commercial conditions for storage. 

At the same time other workers started to use the accelerated 

ageing technique to study the biochemical and physiological 

changes which constitute ageing • .Although the failure to 

germinate is an easily identifiable symptom of seed deterioration, 

it is only the final result of a series of changes which together 

combine to cause loss of vigour and eventually loss of viability. 

In 1977 Abdul-Baki and Chandra looked at the effect of artificial 

ageing on nucleic acid and protein synthesis in soybean embryonic 

axes during germination. Their results, showing that rapid ageing 

did not affect total extractable nucleic acids, confirmed earlier 

reports (Ching, 1972) in which the total nucleic acid content was 

found to be unaffected by deterioration, although this says little 

about nucleic acid status within the seed. The rapid ageing of 

soybean seeds significantly decreased de novo synthesis of nucleic 

acids (Abdul-Baki and Chandra, 1977) and correlated well with 

declines in protein synthesis in vivo. Reduction in synthesis of 

all major classes of nucleic acids suggested that a primary effect 

of ageing might be a reduction in transcription and translation. 

Reduction in nucleic acid synthesis may also be due to 

insufficient availability of metabolites (Ching 1972, 1973; Ching 

and Kronstad, 1972; Von Onckelen et al, 1974). Dell 'Aquila et al 

(1978) reported on damage at translational level in aged wheat 

embryos and showed the presence of inhibitory activity occurring 
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during protein synthesis. The loss of function of the proteins 

synthesizing machinery has also been observed in rye embryos 

(Lowry et at, 1951; Roberts and Osborne, 1976) and in pea 

embryonic axes (Bray and Chow, 1976) together with other 

malfunctions occurring at both transcriptional and translational 

levels. The genetic stability of Pennlate orchardgrass seed 

following artificial ageing was studied (Roos and Rincker, 1982) 

and no change in genetic composition of the seeds was found. A 

comprehensive review of nuclear damage due to the natural ageing 

of seeds is given in "Aspects of the Biology of Seeds" (Roberts 

and Abdalla, 1967). 

Ching and Schoolcraft (1968) reported that contents of starch and 

sugar in new and aged crimson clover and ryegrass seeds decreased 

with increasing seed moisture and storage temperature which they 

attributed to the activity of hydrolytic enzymes of starch and 

respiration. They concluded that as the reduction was relatively 

small in comparison with total quantity, the viability loss 

apparent was not due to depletion of food reserves. Levels of 

free amino acids rose in these species, with increasing seed 

moisture contents and storage temperatures. They suggested this 

indicated that protease is active in stored seeds and its activity 

is related to hydration and temperature and might be associated 

with ageing in degrading vital structural and soluble proteins of 

organelle membranes, nuclear proteins, ribosomes and enzymes. 

Insoluble protein content was not influenced by moisture content 

and storage temperature in seeds stored at lower temperatures. 

At higher temperatures protein content of ryegrass was reduced. 

Different varieties of lettuce seeds varied considerably in their 
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rate of deterioration (Harrison, 1966) and under artificial ageing 

conditions seeds did not show all the effects associated with long 

term storage suggesting it would not be a good test for predicting 

storability in these species. In one of the first experiments to 

compare artificial ageing damage with that incurred during natural 

ageing, cytological studies on lettuce seeds showed the slight 

chromosomal damage due to artificial ageing was of a very 

different magnitude to the severe disruption apparent in slowly 

deteriorated seeds. 

Berjak and Villiers (1972) summarised the cytological degenerative 

changes that occurred during artificial ageing of Zea mays 

embryos. They reported considerable structural damage, using 

electron microscopy after storage at 40°C, 14% RH, a regime 

causing loss of viability in 30-40 days. Severely aged seeds 

exhibited severe lobing of the nucleus and loss of a defined 

nucleolus,mitochondria became very swollen, showing at first 

disorganisation of the internal membrane system and then loss of 

defined cristae. Membrane deterioration was also observed in 

plastids. Golgi bodies became swollen and eventually disappeared. 

Endoplasmic reticulum was swollen and dam.aged~ with only very few 

short profiles present. The frequency of lysosomes increased with 

severity of damage. In severely aged seeds, EM showed the 

membranes to be full of holes. Also present were degenerative 

mitochondria and endoplasmic reticulum. Villiers (1973) also 

reported changes in the staining reaction of nuclei in aged 

embryos. In embryo root tips from normal unaged embryos, nucleic 

stained homogeneously with electron stains such as uranyl acetate 

and lead citrate exc.ept for some dark chromatin. As ageing 

proceeded the heterochromatin stained more deeply until in embryos 
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from very low viability seeds, dense patches of chromatin 

occurred, and eventually the nuclear membrane became very 

difficult to distinguish as a continuous membrane system. 

Harm.an and Granett (1972) studied the ultrastructure of aged and 

unaged pea seeds during germination. Ageing took place under 

conditions of high temperature and humidity for fourteen weeks and 

induced a 20% drop in viability. Unaged tissue was characterised 

by mitochondria with well defined cristae, protein bodies, a dense 

matrix of ribosomes and well defined lipid vesicles lining the 

plasmalemma and occasionally found in the cytoplasm. Tissue from 

aged seeds showed several characteristic ultrastructural changes. 

Mitochondria appeared to be damaged: the inner membranes and 

cristae in some were destroyed. Abnormal appearance of ribosomal 

matrix was observed and lipid vesicles had coalesced. 

As already discussed, low moisture content is an important factor 

in maintaining the viability of seeds in dry storage so it would 

therefore be expected that seeds stored for a time in a fully 

imbibed state would have a very short lifetime. However, it has 

been observed that seeds may live buried in the soil for many 

years, spending at least part of that time, fully imbibed, and 

remain viable (Barton, 1961). Toole and Toole (1953) showed 

lettuce seeds kept imbibed in the laboratory, but prevented from 

germinating, remained alive longer than seeds from the same 

harvest which had been kept air dry. They suggested this was 

because of the state of dormancy of the imbibed seeds, in which a 

very low metabolic rate could enable the seeds to survive even 

though the tissues were hydrated. However, as Villiers pointed 

out (1974) there is no reason to suggest that imbibed seeds do 
-43-



have a lower metabolic rate than air dry seeds, even if they are 

dorm.ant. When he increased the moisture content of lettuce seeds 

in storage (which caused a rapid decline in longevity as 

expected), this caused an increase in the rate of accumulation of 

chromsome abberations. Other seeds, stored fully imbibed but 

unable to germinate maintained a high viability for at least a 

year, and also showed a very low proportion of chromosome 

abberations. Seedlings grown from dry stored seeds showed an 

increase in morphological abnormalities with storage period, 

whereas seedlings from imbibed stored seeds appeared normal. So it 

appears that while dry storage allowed the accumulation of nuclear 

damage, at rates according to storage conditions, imbibed storage 

allowed the seeds to maintain a high germination capacity and a 

high degree of genetic stability. 

Which processes then occur in imbibed seeds which do not occur in 

dry seeds? Dam.age to DNA can be repaired under enzymic control by 

a wide range of organisms (Hanawalt, 1972) and organelle turnover 

is deemed necessary to replace worn out cellular components. 

Villiers postulated that in dry seed tissue repair and cellular 

turnover activities may be inhibited, leading to accumulation of 

damage in the seed. In seeds stored at low moisture contents, 

damage to macromolecules and organelles can only be repaired when 

the seeds are imbibed for germination by which time the damage may 

be too severe for repair. In seeds stored imbibed, repair 

mechanisms may be fully active in hydrated tissue and cellular 

damage may be remedied as it occurs. This proposition is backed 

by studies on dormant wild oat embryos (Cum.ing and Osborne, 1978) 

which showed that continuous turnover of membrane components could 

proceed at a rate that is sufficient to maintain integrity of 
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membranes in the hydrated cells of dormant seeds in the imbibed 

state. The authors concluded that the maintenance of this 

metabolic function could be a major contributing factor to the 

long-term viability of these seeds in the soil. If this theory is 

correct, why then is seed longevity considerably increased by 

lowering the moisture content of seeds in air dry store? If 

within the range of moisture contents achieved by seeds stored air 

dry, enzyme controlled maintenance is not possible, any change in 

the physical conditions of storage which would tend to improve the 

stability of macromolecules would prolong the viability of the 

seed. Therefore, lowering the seed moisture content .in air dry 

storage would be expected to increase longevity, as damaging 

deteriorative reactions would then be inhibited, although these 

can continue to occur at much lower moisture contents than would 

perm.it fully operational repair system. (Villiers and Edgcumbe, 

1975). There may however be a minimum requirement for water, to 

maintain structure of macromolecules and membranes, irrespective 

of damage or repair. Over desiccation can damage seeds 

(Harrington, 1973; Ching., 1973) 

Artificial ageing is then a very useful tool for looking not only 

at those deteriorative processes, which are occurring during the 

natural ageing of seeds 9 but also as a means of assessing those 

factors which limit germination and yet may be amenable to 

manipulation. 
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2.3: Pre-sowing - Treatments 

A detailed review of pre-sowing treatments was undertaken by 

Heydecker and Coolbear (1977) and it is not the aim here to discuss 

all the many and varied published methods. Firstly, the need for, 

and types of pre-sowing treatments will be outlined and then 

possible mechanisms discussed in more detail, particularly in 

relationto · tcmato seeds. 

All pre-sowing seed treatments are aimed at improving seed 

performance. 'Any treatment which lessens the time frcm sowing to 

germination will mean that seeds are more likely to ge:oninate in 

the (presumably) good conditions of planting. Treatments which 

increase rates of germination often increase unifo:onity of 

germination too. As well as these mainly econcmic considerations, 

treatments can be aimed at allowing seed to germinate in conditions 

(eg, at a colder tanperature) which would be marginal nonnally. 

The three most cannon pre-sowing treatments are 'hardening' using 

water (May et al, 1962), 'priming• using polyethylene glycol 

(Heydecker et al, 1973) both of which result in dry seed which can 

be sown by conventional techniques, and 'fluid sowing' of genninated 

seeds (C\lrrah et al, 1974). Bussell and Gray (1976) looked at the 

effects of these three methods, plus a soaking treatment in 

dilute salt solutions on tanato seed gemination at low temperatures 

(8-12.5 0C) • They found it was necessary to sow seeds in which 

radicles were beginning to emerge for low soil temperature not to 

delay emergence. When pre-germinated seeds were sown the rates 

of emergence 1AJere considerably increased over untreated seeds. In a 

subsequent extensived field trial (Bussell, 1980) harvest maturity 

was rarely advanced despite the reduced time of 50% germination 
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caused by "chitting" and final percentage gennination was 

significantly reduced. Pre-treatment in salt solutions also 

reduced time from sowing to energence (confirming results of 

Oyer and Koehler, 1966; and Ells , 1963) but not as effectively 

as sowing pre-genninated seeds. Pre-treatment with PEG was 

also effective.storage of pre-germinated seeds however is not 

so easy as that of ungerminated seeds especially if sowing is 

delayed (Finch-Savage, 1981; wurr, Darby and Fellows, 1981). 

Hydration - dehydration treatments have been used successfully in 

tanato seeds (Berrie arrl Drennan, 1971;), This 

technique is not a recent one (a review of work in the last 

century is given by Kidd and West, 1919), and may involve one 

or many cycles of wetting and drying. Generally germination is 

more rapid after treatment, particularly if the seeds are not 

dried back (Heydecker, 1974; Salter and Darby, 1976) but percentage 

gennination at low tanperatures can also be improved (eg, Hegarty, 

1970; Heydecker, Higgins and Turner, 1975). In important 

experiments Villiers and Eclgcumbe (1975) and Basu et al (1975) 

reported that these wetting-drying treatments could actually 

prevent loss of deterioration during subsequent storage of a wide 

variety of seeds. 

The mechanisms of pre-sowing seed treatments are to sane extent 

unresolved but there is no doubt that most of the effects of salt 

treatments in advancing seed energence are osrnoric, ie; sufficient 

water is imbibed to allow germination processes to start but not 

enough to allow radicle e:nergence. On sowing, the germination 

advantage is retained and e:nergence is brought forward in these 

treated seeds. The same principle applies to oSIOOtic pre-sowing 
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· treatments using PEG (eg, Coolbear and Grierson, 1979) where it is 

possible to accurately control the degree of hydration. 

As well as simply allowing germination to begin, these 'hydrated' 

pre-sowing treatments may exert their effects in other ways. They 

may allow the seed to repair damage, especially to membranes before 

being planted in less than ideal conditions. Goldworthy, Fielding 

and Dover (1982) found that a period of soaking for as little as 

five minutes had a re-invigorating effect on aged wheat seeds. 

Kundu and Basu (1981) found that a soaking pre-treatment of only 

2 h in a variety of dilute solutions of che:nicals, and water, 

followed by drying back to the original M/C, reduced deterioration 

during subsequent ageing. They hypothesised that many of the 

chemicals were acting as anti-oxidants and the beneficial effect 

was mainly due to the prevention of free radical formation. 

There is much evidence then that pre-sowing treatments can 

enhance rate of anergence, but what of their effect on subsequent 

seedling growth and harvest? Mart'janova, Gabanova and Zurikin 

(1961) reported a pre-sowing treatment of one cycle of wetting and 

drying (designed as a pre-sowing drought hardening treatment, 

May, Milthorpe and Milthorpe, 1962) increased the yield of water 

stressed tanato by 105%. However, no attempt was made to assess 

whether this resulted merely from the advantage retained by earlier 

anergence or fran altered growth rates. Embryo enlargement has been 

found to occur in a variety of seeds (carrot; Austen, Longden and 

Hutchinson, 1967; wheat and ryegrass; Lush, Groves and Kaye, 1981) 

following a hydration-del)dt"ation pre-sowing treatment, but no 

evidence was found for changes in actual growth rates. An osmotic 

pre-sowing treatment of tcmato seeds (Green, 1980) caused no 
-48-



increase in relative growth rate over that of untreated seeds and 

although early yields were improved due to emergence advantages, 

total yields were not significantly greater. However, sane do 

show pre-sowing treatments to have an effect on relative growth 

rates; Ely and Heydecker (1981) for example, found that osmotic 

pre-sowing treatments of parsley seeds did have a significant 

improvement on subsequent plant growth which was not just due to 

the advantage incurred by early gennination. 
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Section 2. 4: Membrane Biochemistry 

INTRODUCTION 

Any breakdown or change in property of the seed membrane system 

is bound to have far reaching effects for the cell. A major 

factor in all discussions of cell deterioration during ageing 

is the role played by the cell membranes. This part of the 

literature review firstly considers membrane integrity during 

germination, then looks at membrane composition in seeds, their 

implication in the ageing process and finally at mechanisms 

of dam.age. 

2.4.1: Membrane Integrity and Leakage 

This part of the review considers the important role of cell 

membranes in the germinating seed. It will discuss causes of 

changes in permeability, the mechanisms of such changes and the 

effects on the seed as a whole. The role of leakage studies as 

an assessment of seed viability will then be discussed. 

During storage seeds are relatively dry so it is necessary first 

to consider the form of membranes in dehydrated tissue. Luzatti 

and Hudson (1962) looked at cell membranes in the hum.an brain 

under different moisture content using X-ray diffraction 

techniques. In the presence of excess water a lamellar phase 

was found with alternating flat sheets of lipid bilayer and 

water. At water contents of less than 20%, however the picture 

was very different. The PL's appeared in a hexagonal phase 

consisting of an array of water filled channels, each lined with 

the head groups of the lipid molecules. So the membrane becomes 

porous at lower water contents. Finean (1969) used X-ray studies 

on ilT.3dj~ted membranes and also found that a moisture content of at 
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least 20% of the dry weight of the membranes is necessary to 

retain the normal lamellar structure of the membrane. This, and 

other data (Chapman, Williams and Ladbrooke, 1967) suggests that 

the molecular structure of membrane lipids at low water content 

will be a relatively porous one, permeable to solutes. At the 

start of imbibition, when dry seeds are first placed in contact 

with water, a variety of substances leak out of them. The 

mechanism of leakage will now be considered. 

So great a variety of molecules leak from seeds that it suggests 

a general leakage of cell contents. For example twenty two 

amino acids were found to leak from Phaseolus seeds along with 

glucose, fructose, sucrose and maltose (Schroth et al, 1963). 

Other substances leached include organic acids (Morahashi and 

Shimokonijuma, 1972), phenolics and phosphates (Pollock, 1962) 

gibberellic acid (Wheeler, 1965) fluorescent materials (Kugler, 

1952) and proteins (Marbach and Mayer, 1985). Where the time 

course has been followed the rate of leakage of each substance 

follows the same pattern, starting rapidly and then slowing up 

(Simon and Raja Harun, 1972). Evidence that leakage 

occurs through passive diffusion and not active transport comes 

from the literature cited above. Passive diffusion would allow 

leakage of all the solutes present equally, whereas active 

transport mechanisms would favour particular solutes. Further 

evidence that passive diffusion accounts for the leakage, are 

reports that leakage is no faster at 20°C than at 10°C as would 

be expected for an active transport system (Kraft and Em.inn, 

1967, Perry and Harrison, 1970). However, recent evidence from 

pea seeds (Marbach and Mayer, 1985) showed that initial leakage 

was much greater at the lower temperature. This suggests that 
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increased rates of repair occur at higher temperaturesas first 

suggested by Villiers, (1974). 

Slowing down of the leakage corresponds with rehydration of the 

tissues. When a dry seed or embryo is placed in water, the outer 

layers of cells become hydrated first (Houben, 1966, Simon and 

Raja Harun, 1972). 

Simon (1974) suggested that the rehydration of outer cells slows 

down leakage. At the same time inner cells that have only just 

commenced hydration begin leaking, but less than outer cells 

did as there is a longer diffusion pathway involved. Prior to 

the fluid mosaic model of membrane structure developed by 

Singer and Nicholson (1972), Perry and Harrison 

(1970) suggested that leakage is caused by physical 'breaching' 

of the cell membranes by the inrush of water. This has now 

been re-interpreted as a moisture content dependant reorganisation 

of the am.phipathic PL's of the membrane (Simon> 

1974). This theory of the mechanism of leakage stresses the 

water content of the seed as the decisive factor which governs 

leakage. The plasma membrane and tonoplast in dry seeds do not 

constitute effective barriers so that when dry seeds are placed in 

water, solutes are able to leak out by diffusion. As the cells 

hydrate, the membranes rapidly change from the relatively 

porous state to the hydrated lamellar structure which halts 

diffusion of solutes. 

Freeze etched studies have revealed a change in the appearance 

in the protein bodies of wheat scutellum in early stage of 

imbibition (Swift and Buttrose, 1972, 1973, Buttrose, 1973). 
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Protein bodies are almost spherical with a clearly defined 

bounding membrane when the tissue was frozen in water but after 

mounting in glycerol the protein bodies had no clear boundary at 

all. The authors concluded that "water was taken up very rapidly 

and that structural changes involving swelling and rounding up 

occurred within a few seconds". These observations are consistent 

with the theory that the structure of the membrane changes during 

imbibition, although obviously the hydration of the protein would 

account for at least some of these observations. 

As membranes are often cited as the cause of loss of viability in 

aged seeds, studies on leak.age from imbibing aged seeds may 

provide some insight into the functional integrity of membranes 

in these aged tissues and their ability for reorganisation on 

imbibition. 

In the mid 19th century the increase in leakage from dead plant 

and animal tissue was first noted (Weber, 1836, Dubois Reymond, 

1849, Ranke, 1865). At the beginning of this century conductance 

of seed leachate was first used as a method of assessing viability 

in seeds. (Osterhout, 1918, 1923, Hibbard and Miller, 1928) and 

it was found that increased conductivity of leachate was apparent 

from aged seeds. 

Thomas (1960) found conductivity of leachate to be a good index of 

castor bean seed deterioration. Ching and Schoolcraft (1968) 

compared leakage of electrolytes and sugars from fresh seeds and 

seeds that had been stored for ten years at moisture contents 

ranging from 6-20% and at temperatures from 3-38°C. In clover 

(but not rye grass) there was a good correlation between 
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germination and electrolyte leakage - poor germination being 

associated with rapid leakage. Leakage of sugar was less clearly 

related to viability. The relationship between leaching of sugars 

from low and high vigour barley was studied (Abdul Baki and 

.Anderson, 1970) and it was found that naturally but not 

artificially aged seeds showed increased leakage with loss of 

viability. Matthews and Rogerson (1976) showed that viable pea 

seeds with areas of dead tissue in the cotyledon (as shown by 

vital staining with tetrazolium) leached more solutes into water 

than seeds whose cotyledons were completely stained. They 

suggested that leakage in some instances may be due to dead tissue 

in non-viable seeds used, rather than to membrane deterioration in 

living cells. 

Evidence to suggest membrane damage is present in living cells in 

seeds which have been subjected to adverse storage conditions 

was given by Powell and Matthews (1977) who reported that 

storage of pea seeds in both humid and excessively dry conditions 

resulted in deteriorative changes before any significant loss of 

viability had ocurred, indicated by both leakage and TTC (2,3,5 -

triphenyltetrazolium chloride) staining studies. 

Aged peanut seeds were found to have a lower germination 

percentage and leached more electrically conducting material 

than fresh seeds (Abdel Samad, 1977, Abdel Sam.ad and Pearce 

1978, Pearce and Abdel Samadp 1980). Ray and Gupta (1979) 

looked at the effects of storage of rice grains on solute 

leaching and found in general, conductivity of pooled 

leachates increased in all the varieties with increased 

storage period. Rapid loss of germination of sunflower seeds 
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due to artificial ageing was accompanied by increased leaching 

of electrolytes, soluble carbohydrates and phosphorus (Halder 

and Gupta, 1982). 

It is apparent from these conflicting results that whether or not 

conductivity can be used as a test for viability depends on the 

seed species. In pea and soybean seeds the correlation between 

increased leakage and loss of viability is so good that it has 

become a well established test (Matthews and Powell, 1981 and 

Moore and Baskin, 1983). However, it is also evident that the 

conductivity test is not appropriate to all seed species. That 

leakage may depend on seed structure is a likely supposition as 

the structure of pea and soybean seeds is totally different from 

ryegrass seeds for example, - one of the species in which 

increased conductivity is not associated with loss of vigour. 

Loss of vigour in pea seeds is so well correlated with increased 

electrical conductivity that a test has been developed into an 

equation for expected field emergence (D. Meech, private 

communication):-

E.F.E. ~ 27 + (0.70 x final germ:!) - (0.34 x hollow heart) -

(Q.25 UK conductivity result) 

where finalgermination is from the standard germination test and 

UK conductivity result is conductivity g-1 seeds (Matthews and 

Powell, 1981) • 

.As an indicator of what is causing the viability loss. 

conductivity tests are less specific. Moore and Baskin (1983) 

when discussing the principles of the test suggest that vigorous 

seeds probably re-establish their membranes at a faster rate with 
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less leakage than less vigorous seeds. It may be incorrect to 

assume that increased leakage is entirely due to lack of membrane 

reorganisation in less vigorous seeds, even where there are no 

areas of dead tissue: It may be due to increased hydrolytic 

activity. 

2.4.2: Membrane Composition 

This review will consider the membrane composition of seeds in 

three sections: Phospholipids, fatty acids and membrane proteins. 

the abbreviations used in this section are given in Table 2.2. 

2.4.2.1: Phospholipids 

Phospholipids are the main structural components of cell 

membranes. In general the major PL'S found in plant tissues are 

PC, PE, PI and PG. Minor PL's also present are PA, PS, and DPG 

(Kates, 1970). In common with animal membranes, the major PL 

present in seed membranes appears to be PC. The seed species 

in which PC has been identified as the most abundant PL include 

soybeans where it accounted for 35% (Chapman and Robertson, 1977) 

or 50% (Priestly and Leopold, 1979) of the total PL, pea 

seeds - 50% (Quarles and Dawson, 1969, Powell and Matthews, 1981) 

hazel embryos - 55% (Shewry, Pinfield and Stobart, 1973) and in 

cucumber seeds where PC and PE together in almost equal 

concentrations constituted most of the total PL {Koostra and 

Harrington, 1969). No such pattern is apparent for other PL 

classes - their distribution seemingly dependant on species. 

In soybean seeds PE and PI are present in the next highest 

concentrations to PC (Chapman and Robertson, 1977, Priestly 

and Leopold, 1979) with only traces of PA and PG present 

(Priestly and Leopold, 1977) if at all (Chapman and Robertson 1977 
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TABLE 2.2 

MEMBRANE COMPOSITION - KEY 

FATTY ACIDS PHOSPHOLIPIDS 

Fatty Acid FA Phospholipid PL 

PALMITIC ACID Cl6:0 Phosphatidylcholine PC 

STEARIC ACID Cl8:0 Phosphatidylethanolam.ine PE 

OLEIC ACID Cl8: l Phosphatidylinositol PI 

LINOLEIC ACID Cl8:2 Phosphatidylglycerol PG 

LINOLENIC ACID Cl8:3 Phosphatidic Acid PA 

POLYUNSATURATED Lysophosphatidylcholine LPC 

FATTY ACID PUFA Phosphatidylserine PS 

Diphosphatidylglycerol DPG 
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A similar pattern of distribution in hazel seed embryos was 

reported (Shewry, Pinfield and Stobart, 1973) with PE again 

present in the second highest concentration. However, in this 

species there was more PG (8.1%) than PI (5.1%). A slightly 

different pa;tern was found in the cotyledons with PE present 

in the highest concentration with decreasing amounts of PC, PI, 

and PG. In the cotyledons PA was also identified and accounted 

for 0.6% of the total. In cucumber seeds almost equal 

concentrations of LPC and PI constituted the minor PL components, 

with no PG found. 

Quantitative PL analysis is subject to high levels of error which 

could account for the discrepancies in this area of work. There 

are sources of error not only in the extraction process but also 

in the thin layer chromatography step and the final phosphorus 

analysis. Ma'.ny different methods of solvent extraction are in 

comm.on use which must add to the variation in results. Colborne 

and Laidman (1975) extracted PL's from wheat using a wide variety 

of different solvents. They found extraction with water saturated 

butanol (WSB) to be superior to other methods because of the high 

extraction values and the reproducibility obtained. The use of 

hot WSB is a precaution against enzyme activity during the 

extraction process. The only known widely occurring plant 

enzyme which attacks PL's in the presence of organic solvents 

is phospholipase D (Dawson, 1967) and this is heat labile. 

It has been suggested (Kates, 1970) that PA is formed as an 

artefact resulting from enzymic degradation during the 

extraction of the lipids. Colborne and Laidman (1975) found in 

their work with wheat embryos that dropping the tissue into 
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boiling WSB prevented the occurence of PA. 

2.4.2.2: Fatty Acids 

Plant fatty acids are in general distinguished by their high 

overall degree of unsaturation, resulting from high contents of 

polyenoic acids (Kates, 1970). High concentrations of 

unsaturated fatty acids ensure that the lipid bilayer membrane 

structures are fully mobile even at lower temperatures. Seed 

membranes usually consist of five main fatty acids, palmitic 

acid (Cl6:0), stearic acid (Cl8:0), oleic acid (Cl8:l), 

linoleic acid (C18:2) and linolenic acid (Cl8:3). The relative 

concentrations of these acids varies between species. 

Fatty acids are of course present in seeds in the form. of stored 

lipids, but this review will concentrate entirely on the fatty 

acid composition of membranes. 

Distribution of fatty acids in PL's is by no means uniform.. 

Unfortunately, there are no data of this type available for 

seeds but the following table (2.3) showing FA distribution 

in spinach tissue PL's serves to indicate the point. 
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TABLE 2.3 

FATTY ACID COMPOSITION(%) OF INDIVIDUAL PL COMPONENTS 

IN SPINACH LEAF AND CHLOROPLAST 

(Allen et al, 1964, Haverkate and Van Deenan 1965, 

and Allen et al 1966 a,b) 

Component 16:0 18:0 18:1 18:2 18:3 

PG 22 Trace 2 5 36 

SPINACH PC 20 11 30 40 

LEAVES PE 46 1 2 7 43 

PI 41 1 6 25 27 

CHLOROPLAST PG 11 Trace 2 4 47 

LAMELLAE PC 12 9 16 58 

PI 34 2 7 15 27 

- • data not available 
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The polar lipid fatty acid composition has been assessed in a 

variety of seed species: In linseed seeds (Sukhya and Bhatia, 

1970) palmitic, stearic, oleic, linoleic and linolenic acids 

were the major FA's present. The lower FA's were myristic 

(Cl4:0) and lauric (Cl2:0) were present as traces only. In 

the polar lipids of hazel seeds the main FA's were supplemented 

by myristic acid (Shewry and Pinfold, 1973). A slightly different 

complement was reported in clover seeds (Flood and Sinclair,1981) 

with the addition of arachidic (C20:3), behemic (C22:0) and 

lignoceric (C24:0) acids and the apparent lack of linolenic. 

Peanut seeds were reported as containing only three FA's, oleic, 

linoleic and palmitic (Pearce and Abdel Samad, 1980) whilst 

soybean seeds contained all five major FA's (Stewart and Bewley, 

1980, Priestly and Leopold, 1981, Ohlrogge and Kernan, 1982). 

Not only do the complement of FA's change from species to species 

(and sometimes within species) but so do the comparative amounts. 
' 

Unoleic acid is usually the most abundant FA being present in the 

highest quantities in linseed seeds (sukhya and Bhatia, 1970) 

clover seeds (Flood and Sinclair, 1981) and Ohlogge and Kernan, 

1982). Some seeds on the other hand have been found to contain 

almost equal amounts of linoleic and oleic, namely peanut seeds 

(Pearce and Abdel Samad, 1980) and hazel seeds (Shewry and 

Pinfield, 1973). 

The discrepancies mentioned above could be due to differences in 

cultivar, state of maturation or ev-en maturation conditions and 

does not necessarily indicate any error in analysis., It is 

however difficult to assess the validity of results where no 

mention of the nwn.ber of replicates used or the standard errors 
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obtained are provided as is the case in the Priestly and Leopald 

(1981) paper, for example. 

To conclude, over 200 different FA's have been isolated from plant 

material, but most of these occur in only a very few plant 

species. A comprehensive review of the classification of FA's 

and their distribution in plants is given by Hitchcock (1975). 

2.4.2.3: Membrane Proteins 

Until recently it was thought that membrane proteins formed as 

extended monolayer on both surfaces of the lipid bilayer. It 

is now known that many membrane lipid proteins are inserted 

directly into the bilayer itself (Singer and Nicholson, 1972). 

These membrane proteins, like the membrane lipids are usually 

amphipathic: they have hydrophobic regions that interact with 

the hydrophobic tails of the lipid molecules in the interior of 

the bilayer, and hydropbylic regions that are exposed to water. 

The ease with which these proteins can be removed from the 

membrane depends on the degree of their insertion into the 

bilayer. Many proteins extend across the bilayer and are 

therefore exposed on one side only. Membrane proteins are 

responsibe for most of the functions of the membrane, 

serving as specific receptors, enzymes or transporters .. 

Detergent solubilization has been used with great success to 

study the major proteins in various membranes, ,commonly using 

a polyacrylamide gel containing SDS, a strong detergent, 

which disrupts all non couvalent protein - protein and protein

lipid interactions and completely unfolds the proteins. When 

subjected to electt'ophoresis in a strong electrical field for 
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several hours the amount of anionic SDS bound to protein is 

roughly equal to the mass of the polypeptide, with the result that 

the negative charge of the detergent overwhelms the intrinsic 

charge of the protein, consequently each individual protein 

migrates in the electrical field at a rate determined by its 

molecular weight: the larger the protein, the more it is retarded 

by the complex network of polyacrylamide molecules that constitute 

the gel, and therefore, the more slowly it moves. When stained 

with a dye that complexes with protein, the major proteins present 

can be seen as individual bands on the gel. The amount and type 

of proteins in a membrane reflect its function. In membranes 

involved in energy transduction, such as internal membranes of 

mitochondria and chloroplasts, approximately 75% is protein. The 

usual plasma membrane has about 50% of its mass as protein. 

Eighteen to twenty major bands of protein were identified in 

membranes of wild oat embryos (Cuming and Osborne, 1978) following 

fractionation in SDS polyacrylam.ide gels. The three most 

prominent polypeptide bands were designated as; a) MW 

approximately 18,000, b) MW approximately 37,000 and c) MW 

about 91,000. Embryos from dormant earyopses of wild oat were 

found to be capable of continuous turnover of proteins. 

Any damage to membrane proteins, or their removal or displacement 

in the lipid bilayer would cause the meiabrane to 'leak•. 

Similarly, any changes which altered the ea.pa.city of these 

proteins to act as transporters would have a profound .effect on 

the selective permeability of the plasmalemma and internal 

cell membranes. 
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2.4.3: The Effects of Ageing on Membrane Composition 

Introduction 

There is much evidence to suggest that membrane deterioration 

plays an important role in the ageing of both animal and plant 

tissues. In considering possible mechanisms for the lass of 

viability achieved through both the natural and artificial ageing 

of seeds, increasingly evidence points to the impaired membrane 

status of the germinating embryo. The ability of the seed to 

reorganise its membranes rapidly as the desiccated tissue 

rehydrates is crucial to successful germination. Ageing may 

impair the capacity for rapid repair and subsequent maintenance 

of functional cellular and organellar membranes. 

This part of the review seeks to cover the main theories of 

membrane degradation due to ageing and to discuss the evidence 

of its role in loss of viability of seeds. 

2.4.3.1: Changes in Total Membrane Phospholipid Content During 

Ageing 

Uttle work has been done on changes in PL content during ageing, 

even though the role of membrane breakdown in seed deterioration 

is widely cited. 

Koostra and Harrington (1969) we.re the first to look at changes in 

PL content. They used cucumber seeds of whicb. some were naturally 

aged> and others artificially aged. After four weeks of 

artificial ageing which produced seeds of almost zero viability, 

the total PL content had decreased by well over 60%. Naturally, 

aged seed stock, up to ten years old but still with a viability 

of 70% did not show this decrease in PL. It would have been 
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interesting if they had reported on PL changes in seeds naturally 

aged with a lower viability. 

(Priestly and Leopold, 1979) indicated significant loss of total 

lipid phosphorous during an artificial ageing process of soybeans 

which resulted in loss of viability. When they repeated the 

experiments (Priestly and Leopold, 1983) using 'naturally aged' 

seeds (4°C low humidity 44 months) there was little change in 

total polar lipid. However> germination percentage was still 

high (86%) after this comparatively short natural ageing period. 

Powell and Matthews (1981) reported that the early stages of 

deterioration in still viable pea seeds made up of completely 

living tissue (indicated by TTC staining) and exhibiting 

impaired solute retention showed a fall in their total PL 

content. Total phosphorus extracted fell by over 50% during 

9 weeks of storage at 94% RH at 25°C> even though viability 

remained at nearly 90%. During this period, the conductivity of 

the leachate increased by over 300%. 

Cuming and Osborne (1978) presented evidence that PL 

constituents of the cell membranes of imbibed dormant embryos 

of wild oat (Avena fatua) embryos undergo continuous turnover 

(they had earlier presented evidence that this too was the case 

for proteins). The 'recycling' of cell mexabranes is part of 

the biochemical activity necessary to keep cells alive. It is 

therefore not surprising that this activity is continuing in 

dormant seeds, as they remain viable. It may well be that an 

important factor in the loss of viability of dry s,eeds over 

long periods of air dry storage is the loss of ability for 
-65-

http:viabiH.ty


membrane turnover. 

Other sophisticated work on membrane lipid turnover in germinating 

high and low vigour wheat embryos (McDonnell et al, 1982) 

indicated clear differences. High vigour embryos accumulated 

more PL than low vigour ones during the first 48 hours of 

germination. They showed that the high vigour embryos had a 

higher rate of choline incorporation indicating either that 

there is a more active synthesis of PC by those of high vigour 

or that choline uptake across the plasmalemma is a rate limiting 

step associated with loss of vigour. 

2.4.3.2: Changes in Individual Phospholipid Classes During 

Ageing 

Koostra and Harrington (1969) looked not only at changes in total 

PL during ageing, but also at changes in the individual PL 

classes. The overall PL decrease they observed during the 

artificial ageing of cucumber seeds was attributed to a 

decrease of over 50% in total PC concentration> from 61% of 

total PL in unaged seeds to 23% following the 4 weeks ageing 

and almost total loss of viability. PE decreased from 24% 

to 14% of total PL. There was an accompanying increase of LPC 

from 3% to 19% and PI from 8% to 23% total PL. The amount Pi 

in 300 mg polar lipid decreased from 5.16 to .Q..:12. ug Pi during 

the ageing period. 

They also looked at PL changes during natural ageing .. Nine year 

old seeds (with a germination percentage of 70%> but exhibiting 

low vigour) had a slightly less total PL than did fresh seed 

(germination percentage 100%, and high vigour).. This was mainly 
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due to a decrease in PC» but as no standard errors or numbers of 

replicates were given the statistical significance is unknown. 

Powell and Matthews (1981) looked at the association of PL changes 

with early stages of ageing of pea seeds. They found that the 

concentrations of all 3 identified PL classes, PC, PI and PA, 

decreased with ageing. Small losses occurred up to 6 weeks 

ageing whilst the seeds were still completely living tissue, but 

further losses became apparent when the cotyledons developed dead 

tissue after 9 weeks. PC reduced in concentrations by over 

50% during this period and was the major contributor to overall 

PL loss. After 6 weeks of ageing, when dead tissue was present, 

two more PL's were observed, PE and PG, suggesting that a fall 

in total PL may involve both an increase in rates of synthesis 

and degradation, favouring the degradation of the major classes 

(PC, PI and PA) and the synthesis of minor phospholipids such 

as PG and PE. 

Artificial ageing of soybean seeds {Priestly and Leopold, 1979) 

for 5 days (which caused loss of viability) resulted in PC losses 

( 150 ug per g seed wt to 100 ug per g seed wt) , PE fell from 

100 ug to 75 ug. Other PL classes (PI, PA, DEG aod PG)remained 

level • 

So in all the species of seed in which it has been measured, 

fairly considerable losses of PC accompany the loss of viability 

caused through ageing. It is not possible to genera.Use about 

any other PL changes. 



2.4.3.3: Mechanisms of Membrane Damage During Ageing 

In recent years, attention has inc:x:easingly been paid to the 

involvement of free radicals in the ageing process of both plants 

and animals. A free radical is an atom, or group of atoms with 

an unpaired electron, which possesses the ability of donating or 

receiving an electron. Free radicals may attack other molecules 

resulting in damage to cellular components and processes. The 

importance of free radical reactions is clearly established and 

a number of review articles have been written about the formation 

of free radicals and the consequences of their reactions. 

(Tappel, 1965; Slater, 1972; Smith, 1976: Pryor, 1978). 

Although many species of free radicals have been identi,fied, the 

two species which cause the most damaging biological action are 

the hydroxyl (•OH) and superoxide (Oz-) radicals. The hydroxyl 

radical is believed to be longer lived than the 02 - radical 

which although having only a short lifetime nevertheless is of 

great importance wherever oxidative processes are being carried 

out in the cell. 

Free radicals may be formed by a number of different mechanisms 

in vivo. There are three main paths for production: photolysis, 

enzymic processes and by the lipox.ygena.tion of polyunsaturated 

fatty acids (PUFA's) (Pryor, 1976). 

Photolysis of chemical bonds can produce free radicals (Turro> 

1965). However, light induced damage can only occur at sites 

which light can reach. Translucent tnicro-org;anh11u3 are 

particularly prone to these kind of r•ctions, but this means of 
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free radical formation is probably of little relevance in seed 

tissue, except possibly in some light sensitive seeds such as 

lettuce. In man, particularly individuals with light 

pigmentation, the 'accelerated ageing' of human skin in areas 

exposed to light and air, relative to that in unexposed areas, 

results from direct photolysis and from photoinitiated 

autoxidation of collagens (Hoschild> 1971). Interestingly, 

dietary antioxidants including Vitamin E, inhibit the production 

of cholesterol o{. -oxidase from cholesterol in irradiated 

skin from mice. Thus, the production of at least one known 

carcinogen can be inhibited by radical scavengers (Lo and Black~ 

1973). 

The production of free radicals by enzymic processes is possibly 

a more widespread route of formation.. Some enzymes produce 

radicals during catalysis which can diffuse from the enzyme 

surface before they are oxidised or reduced to an even electron 

species (Yamazaki, 1971).. The importance of these f r.ee radicals 

which 'leak' out of their reaction sequence and initiate 

pathological conditions is not yet known, but any such leakage 

must either be rare or efficiently dealt with 1n the normal course 

of events or life would be impossible .. 

The third course of free radical productions which is currently 

drawing much at tention in plants is U.poxygenatioo. of PUFA t s. 

a non-polar moiety, a hydrophobic hydrophyllic portion. 

PUFA s (of which plant mabranes a content) are 

particularly suse;ept1ble to h.1drogea ah9tractioa, nsu.lting in 

the formation of a fairly stable fr'ee In the presence 
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of oxygen this leads to the initiation of a radical chain leading 

to a typical autoxidation reaction (Mead, 1976, Fridovitch, 1976, 

Pryor, 1976). Autoxidation of PUFAs is a very damaging process 

with far reaching consequences. 

Fig 2.4 demonstrates the autoxidation of a tri-unsaturated 

PUFA. The PUFA with its norm.al bond network undergoes attack 

by a radical, the origin of which is unknown, and loses a hydrogen 

atom. This is the hydrogen abstraction step. The resultant 

radical reacts with oxygen to become peroxidised. If this 

peroxy radical were to abstract a hydrogen atom, a hydroperoxide 

would be formed. However the peroxy radical can also undergo 

a cyclization reaction to form a new radical. This radical can 

then also react with oxygen to form new hydroperoxides or 

undergo further cyclization reactions to form a new radical. 

(Pryor, 1978). 

Desai and Tappel (1963) looked at the perox:tdation of linolenic 

acid (Cl8:3), a common unsaturated FA in seed ~embranes, in an 

in vitro system, and its effects on proteins. They suggested that 

the damaging effect of the :PtJFA oxidation was due to crosslinking 

of the proteins by the linoleate radicals. Since this early 

experiment much knowledge has been gained a.bout damage to proteins 

by free radicals. Proteins and enzymes in aqueous solution when 

subjected to lipid peroxidation undergo major reactions of 

polymerization, polypeptide chain scission and chemical changes in 

individual amino acids (Roubal and Tappel, 1966). All these 

reactions contribute to the overall damage but it is thought 

that the polymerization or crosslinking of protein.a is the m.ost 

destructive (Zirlin and Karel, 1969).. :Protains which undergo 
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Fig 2.4 The Autoxidation of a tri-unsaturated PUFA. Hydrogen abstraction is followed 
by reaction with 02 gives a peroxyradical which can either pick up a hydrogen atom 

to become a hydroperoxide or undergo cyclization to form a new radical 
(Adapted from Pryor, 1978) 
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crosslinking as a result of lipid peroxidation increase their 

molecular weight many times over. When this occurs within an 

ordered structure like a membrane, total disorder would ensue. 

The pattern of damage to proteins by peroxidised lipids is similar 

to that observed in radiation damage. The lipid bilayer structure 

of the membrane is such that the inserted proteins have maximum 

contact with the lipids and so would receive widespread damage if 

lipids in such close proximity to them were autoxidised. 

A by-product of PUFA autoxidation is ma.londialdehyde · 

· and is thought to be formed from the conversion of 

peroxides by thermolytic or hydrolytic decomposition (Pryor, 

1978). It is a reactive species that can crosslink proteins 

or DNA (Mukai and Goldstein, 1976) and is thought to be 

sufficiently stable to be produced by reactive radicals at a 

site of autoxidation damage and then to diffuse to another site; 

eg, the nucleus; and cause damage there, so although it is onl_Y, 

produced in very small quantities it seems important in 

destructive terms. Levels of malondialdehyde have been measured 

as an indication of free radical forma.tion. ( Stewart and Bewley, 

1980) These findings are discussed later. 

The implication of free radicals in the ageing process is a 

longstanding one. Do free radicals contribute: to the ageing 

process? In gerontological research in humans and animals, free 

radical mechanisms are oft.en cited as a key culprit in ageing. 

Harman (1968) compared the longevity of 1080 mice, some on a 

normal diet, others being fed a variety of antioxidants. Mean 

life span was increased by some antioxidants but unaltered by 

others. Epstein and Gershon (1912) worked on nematodes whose 
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normal life span of 35 days was increased to 46 days by the 

addition of antioxidant to their medium. Packer and Smith (1977) 

reported that human fibroblast cells have a twofold increased 

lifespan in the presence of antioxidants. 

Conger and Randolph (1968) looked at whether age-dependant genetic 

dam.age in seeds is caused by free radicals. They suggested that 

spontaneously produced free radicals could accumulate with 

time,-giving rise to damage in proportion to their concentration. 

However, they found that the increase in genetic damage with age 

in several seed species (barley, wheat, tomato, onion and pepper) 

was not accompanied by demonstrable changes in free radical 

concentrations, as measured by electron spin resonance (ESR) 

techniques. The influence of artificial and natural ageing on 

free radical levels in soybean seeds (Bu.charov and Gantcheff, 

1984) was also studied using ESR. No signals of free radicals 

were found in ESR spectra from cotyledonary material of samples 

investigated. High levels of organic free radicals were observed 

in the embryonic axes of both naturally and artificially aged 

seeds. They concluded that lipid peroxidation in embryonic 

axes may play an important part in seed deterioration. during 

ageing. They suggested the discrepancy in their results with 

those of Conger and Randolph (1968) may have been that the 

latter used whole seeds. · 

Stewart and Bewley (1980) looked at lipid peroxidation during 

ageing by measuring malondialdehyde. levels in axes of artificially 

aged soybean seeds (45°C, above the water level in a covered 

water bath which lead to loss of viability aft.er 2 days).. Control 

seeds were kept dry by storing them at 45°C with desiccant silica 
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gel. Malondialdehyde levels of both seed lots following one days 

ageing were very similar during the first 4 hours of imbibition. 

However following 2, 3 and 4 days ageing the levels of malon

dialdehyde were much higher in high humidity aged seeds. 

Following 5, 6 and 7 days ageing the overall levels of malon

dialdehyde were much reduced in both seeds lots but higher levels 

were now present in the still viable low humidity aged seeds. 

The authors suggested the increased malondialdehyde levels in 

high humidity aged seeds during and after loss of viability was 

due to lipid peroxidation, and that the dee.line in levels after 

further ageing of non-viable tissue was due to a decrease in the 

malondialdehyde precursor, linolenic acid> and to oxidation 

of the malondialdehyde (Kwon, Menzell and Olcott, 1965). They 

also suggested that as malondialdehyde is water soluble, it is 

likely that it leached through deteriorated membranes into the 

imbibition medium. Apparently, the levels of malondialdehyde in 

the imbibition medium of high humidity aged seeds was higher than 

in that from dry-aged seeds although no data was given. No 

explanation was given as to why there was any m.alondialdehyde 

in the dry aged seeds which retained their original viability 

but this could have been due to the fact that they only had a 

60% germination throughout the experiment.. Why seeds of 

higher viability were not used is unclear. 

2.4.3.4: Changes in Fattz Acids During ~eieg 

As already discussed, FA s with 2 or more unsaturated bonds are 

more prone to form free radicals than more highly saturated 

acids. If FA oxidation and free radical formation are occurring, 

the highly unsaturated acids should de.crease as seeds deteriorate, 

whereas the quantity •Of saturated acids might be expected to 
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remain constant (Harman and Mattick, 1976). These changes are 

reviewed in this section. 

Many workers in the last 10 years have assessed seed deterioration 

in relation to fatty acid oxidation during ageing, mainly using 

artificial ageing techniques. Spencer et al (1973) looked at 

three different species of Gompositae seeds during storage and 

found evidence for PUFA oxygenation in all seed species studied. 

This result was confirmed in 1976 by Harman and Mattick when they 

reported in Nature the association of lipid oxidation with seed 

ageing and death. They subjected pea seeds to accelerated ageing 

treatments and then looked at the comparative concentrations of 

the major FA sin both whole seeds and embryonic axes and compared 

them to those of FA s from unaged seeds. Storage for 10 weeks 

caused loss of viability with the most dramatic decrease occurring 

between weeks 8 and 10. The principal FA s identified were 

palmitic, stearic, oleic, linoleic and linolenic acids. The 

concentrations of palmitic> stearic and oleic acids 

remained unaltered in both whole seeds and axes following ageing 

treatments. However, the concentrations of the less saturated 

acids, linoleic and linolenic were affected by storage: In whole 

seeds the concentration of linoleic acid declined gradually after 

10 weeks storage (and loss of viability). In embryonic axes, 

there was no significant decline in linoleic acid concentration 

but significant losses of linolenic acid were observed. The 

rapid decrease in linolenic acid in both axes and whole seeds 

which roughly paralleled loss of viability suggests that free 

radical formation may be an important factor in this viability 

loss. Changes in linoleic acid concentrations were less 

pronounced than those of linolenic in seed axes, but this would be 
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expected as linoleic acid is less reactive than linolenic acid 

(Hoffman, 1962). The authors suggested that changes occuring in 

the axes are probably of more consequence to the overall health 

of the seed than those occuring in whole seeds (cotyledons, 

axes and seed coat) since they are the only part capabale of 

growth. However, if cotyledon damage was occurring this may 

also profoundly affect germination performance and subsequent 

seedling growth as energy reserves could be jeopardised. 

Likewise, deterioration of the seed coat could also allow fatal 

leakage. 

Van Staden et al (1976} looked at the effects of storage on 

Protea canpacta e:nbryos.. No appreciable difference in the amounts 

of free FA's or end products of oxidation were found in viable 

and non-viable e:nbryos, an in:iication that no autoxidation had 

occurred during storage. Hov.iever, following imbibition free 

radical fonnation increased sharply in non-viable anbryos 

compared with the viable ones. Electron microscopy of the 

non-viable seeds indicated embry cells had da:naged membranes 

and chranatin abnormalities. 

During the artificial ageing of soybean seeds which leads to a 

drop in germination to 15% (Pearce and Abdel Samcrl., 1980), 

leaching of electrically conducting material increased about 

5-fold and the content of FA' s in the polar lipid fraction fell to 

almost 10% of the original level. However, the FA canposition 

ranained unaltered suggesting that sane factor other than PUFA 

autoxidation was involved in lipid losses. They concluded that 

the loss of control over subcellular canpa.rtrnentalisation or 

intracellular concentrations of metabolites resulting frcm loss of 

me:nbrane lipids may have been the cause of loss of viability. 
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Decreases in concentrations of linoleic and linolenic acids 

accanpanied almost total loss of viability due to natural storage 

in subterranean clover seeds (Flood and Sinclair, 1981). These 

seeds were 'permeable' seeds, but in concurrent experiments with 

' impermeable' seeds, no losses of these two FAs were reported. 

This led the authors to suggest that seed coat :i.mpe:oneability 

excluded oxygen and prevented autoxidation of the FAs and 

concanittant loss of seed viability. 

Priestly and Leopold (1983) canpared FA composition of soy'bean 

seeds following both artificial and natural ageing. During 

natural ageing, which markedly decreased viability there was 

a decrease in the proportion of PUFA's. Seeds subjected to 

artificial ageing experienced a similar decline in viability 

but without the change in FA unsaturation. These results 

indicate that in soybeans, at least, artificial ageing 

treatments may not mirror the mechanisms involved in natural 

ageing. 

There is then a wealth of conflicting evidence as to whether 

FA autoxidation is a cause of, or even occw:::s during ageing. 

Rate of free radical production on subsequent imbibition or free 

radical damage to proteins in the membrane may be equally 

important factors. As proteins are such a major structural 

canponent of me:nbranes any damage to than will have a major effect 

on the overall status and efficiency of function of the 

membrane. There is much evidence to suggest that free radicals 

cause severe damage to me:nbrane proteins leading to membrane 

destruction (Roubal and Tappel, 1966, Tappel, 1973), but very 

little work has been done on the deleterious effects of age on 
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membrane proteins and its role in the decline of viability 

apparent in aged seeds. This is probably due to the proble:ns 

involved with studying membrane proteins. Membrane protein 

turnover has been found to occur in imbibed dormant oat seeds 

(Cuming and Osborne, 1978) 'ivhich maintain viability for long 

periods in the soil in a hydrated state. 

2.4.3.5: Enzyme Control of Peroxidation Damage 

As free radical formation is the result of normal cell 

metabolism it is only to be expected that rnechanisns exist 

to deal with them before they exert their destructive effect. 

As Fridovitch (1976, 1978) said: 

'All respiring organisms are caught in a cruel bind. The 

very oxygen which supports their lives is toxic to than, 

and they survive, precariously only by virtue of elaborate 

defence rnechani sms. ' 

One of these defence mechanisms is superoxide dismutase (SOD) 

which is essential for the survival of aerobic cells. SOO 

catalytically scavenges the toxic superoxide radical 02 -

{Fridovitch, 1975). The reaction catalysed by SOO is a 

'disproportionation' or 'dismutation' of these radicals and 

may be written: 

SOO 

The activity of the enzyme was discovered in 1969 by M:Cord and 

Fridovitch. 

Work on microrganiSt'llS (McCOrd, Keele and Fridovitch, 1971) has 

shown SOD to be present o~'ta-in aerobic species and is an 



essential defence against oxygen and superoxide toxicity. studies 

have also indicated that this is so for higher organis:ns (White, 

Vaughn and Veh, 1971, Crapo and Tierney, 1974 and Levander, Morris 

and Higgs, 1974). 

SOD is actually a collective name for a family of enzymes 

(Fridovi tch, 1981) • In eucaryotic Qs::ganrsms the corrmonest type 

is a copper-zinc associated enzyme called erythrocuprein, 

discovered in 1939 by Mann and Keilin. In prokaryotes and 

eucaryotic mitochondria, SOD is associated with Fe or Mn. 

A further type of SOD, a cross between the Fe and Mn types 

has also been isolated. The total content of SOD in plant 

tissues may be as high as 2.5% of total protein (Fridovitch, 1981) 

as found in studies on pea seeds. 

Few workers have looked at the correlation between ageing in plant 

tissues.and levels of SOD activity, but in a recent sophisticated 

series of experiments, Stewart and Bewley (1980) looked at lipid 

peroxidation associated with accelerated ageing in soybean seeds. 

They measured levels of SOD activity in both aged and imaged seeds 

during the first few hours of imbibition. No SOD activity was 

present in dry seeds or during the first hour of imbibition. 

Thereafter levels of SOD activity rose in unaged and dry seeds 

and reached a maximum at 3.5 h f:rcm the start of imbibition, when 

the levels started to decline. There was no SOD activity in seeds 

which had lost their viability after being aged for 7 days in an 

atmosphere of high humidity. 
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2.4.3.6: Antioxidant Protection During Ageing 

Results of antioxidant protection during animal ageing have 

already been discussed (2.4.3.3). These were very encouraging 

in that antioxidants can, by preventing membrane degradation 

prolong lifespan. What of the situation with seeds? Barnes 

and Berjak (1978) found that treating seeds of Zea mays with 

antioxidants (mercaptoethanol or sodium thiosulphate) had no 

effect in increasing viability or preventing loss of gennination 

during artificial ageing, canpared with results obtained using 

water as the control pretreatment. 

Other worket:shave used cathodic protection to ti:y and extend 

viability of seeds. This method is suggested to exert a 

protective effect by reducing free radical attack on biological 

macromolecules. The material to be protected is placed in a 

negatively charged field. The negative potential provides a 

source of electrons to react with the free radicals. The 

first person to have used this technique was Molnar (1972) who 

maintained mice in a cage with an applied negative potential. 

The average and maximum lifespan of mice exposed to a negative 

charge were respectively 25 and 32 percent greater than those 

of mice exposed to a positive charge. Panmenter, Adanson and 

Berjak (1974) exp::>sed seeds of Zea mays to artificial ageing 

treatment by maintaining them in a small enclosed chamber at 

13.6% moisture content and 40°c. The seeds were provided 

with cathodic protection by placing then embryo side down, 

on aluminium foil within the chamber and applying a negative 

potential of 300 volts to the foil. Control seeds were maintained 

under similar conditions without the applied charge. After 30 

days of ageing treatment control-seeds had a viability of 5%,
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whilst seeds provided with cathodic protection had a viability of 

approximately 70%. So considerable decreases in viability loss 

were achieved with cathodic protection. The conductivity of the 

water in which the seeds were soaked prior to germination was 

consistently greater for the control seeds than for seeds which 

had been exposed to the negative charge. These results provide 

evidence to suggest that free radical damage was responsible 

for the drop in viability shown in control seeds. In a syste:n 

such as dry seeds, where repair mechanisms may well be 

inoperative, this damage could accumulate and cause loss of 

viability. 

-81-



CHAPTER THREE: AGEING AND LOW TEMPERATURE 

PRE-SCMING TREATMENTS AND 

SEED GROWTH RESPONSES 
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INTRODUCTION 

The effect of artificial ageing on seed germination and growth 

performance was assessed. Low temperature pre-sowing treatment 

(LTPST) was used to see if any of the deteriorative effects of 

ageing treatment in germination or seedling performance were 

reversible. Any repair of the damage incurred during ageing by 

LTPST might help to identify those factors which limit germination 

in aged seed stock and are amenable to manipulation 

3.1: Methods and Materials 

3.1.1: Ageing Treatments 

For this method of controlled deterioration seeds were imbibed 

to approximately _70% moisture content (d:ry weight basis) for 2 h 

at 20°c in 9.0 an petri dishes lined with two Whatman No.l filter 

papers with 3.0 cm3 distilled H20. They were then surface blotted 

to remove excess moisture and put into airtight storage jars at 

45°c. After incubation for varying periods, the seeds were left 

to dry back in air at room temperature for 48 h to a moisture 

content of approximately 11% and then stored at 4 C until 

required. Moisture contents were determined by difference in 

weight after drying for 2 hat 130 C according to ISTA rules. 

3.1.2: Low Temperature Pre-sowing Treatments 

Low temperature pre-sowing treatment involves maintaining 

seeds fully imbibed, without radic1e emergence, in the dark 

at 10
0 

C for 21 d. This was carried out by allowing the seeds 

to imbibe distilled water from absorbent paper supported on 

glass platfo:rms in enclosed boxes .. The paper was kept moist 

via wicks from a reservoir of distilled water at the bottom of 

the box. After the pre-treatment period seeds were re.moved and 
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left to dry back at room temperature. 

3.1.3: Gennination Trials 

Petri dish germination trials were conducted in distilled H20 at 
0 

a constant 20 C, 12 h photoperiod using 50 seeds per petri dish, 

counting and removing the seeds which had germinated ( radicLe emerged) 

t;wice daily during peak periods of gennination activity. All 

seeds were surface ste1ilisi.ed prior to germination trials (by a 

method modified fran Abdul Baki, 1974) (5 min in 1.2% available 

chlorine Naocl, 10 rnin in 0.01 N HCL, four washes in distilled 

H20). No aseptic conditions were :imposed during the trials. 

The time to 50% germination (or median germination time), T50 

was calculated according to the fonnula 

(N+l) /2 - ni ] 
T50 = ti + [ • ( tj - ti) 

nj - ni 

where N is the final number of seeds genninating and ni, nj 

total number of seeds germinated by adjacent counts at time 

3.1.4: Seedling Growth Trials 

Three replicates of each treatment were set up in petri dishes 

using as .eptic techniques. 0.002M of CaCl2 was added to each 

petri dish to prevent ea deficiency during growth. The trials 
0 

were corrlucted in a gennination cabinet at 20 C with a 12 h 

photoperiod. At predetermined time intervals seedlings i.vere 

harvested, and radicle and hypocotl and fresh and dry weights 

measured. Dry weights were obtained by drying plant matedal 
0 

at 65 c for 3 days. Linear regression analysis was used to 

compare slopes of growth lines (Blacklows model, 1973). 

-84-

http:steliliSl.ed
https://ste1ilisi.ed


3.1.5: Pot Trials 

Fifty seeds of each of four treatments (unaged untreated, 72 h 

aged untreated, unaged pretreated and 72 h aged pretreated) wete 

sown in quartered seed trays on John Innes No. 1 cornp:,st and 

covered by 1 an silver sarrl. E:nerged seedlings were counted 

daily. When energence of untreated seeds w.:r.scomplete, trays 

were randomly selected and harvested at daily intervals to assess 

shoot growth. Seedlings -were cut off at sand level, the height 

of each plant was measured to the apex tip and fresh and d:ry 

weights obtained. 
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3.2: Results 

3.2.1: Effects of Ageing and Low Temperatue Pre-sowing Treatments 

on Unaged Seeds 

There was a significant decline in germination capacity after 

40 h of the ageing treatment, which became very severe after 96 h. 

LTPST had no significant effect on overall percentage germination 

(Fig 3.1). Controlled deterioration treatment caused a decrease 

in germination rates (Figs 3.2 and 3.3), for example an increase 

in T50 from a mean of 135 h in unaged seeds to 296 h for seeds 

aged for 96 h (Fig 3.2). It is also clear from Fig 3.2 that 

LTPST increases the rate of germination, dramatically reducing 

the T50 of unaged seeds by over 50% from a mean of 135 h to 67 h. 

Despite the marked deterioration in germination perfonnance of 

72 h aged seeds (Fig 3.3), the LTPST restored the rate of 

germination to a higher level (a mean T50 of 100 h) than that in 

unaged seeds. 96 hours of controlled deterioration caused a 

different loss of viability in different seed lots (Fig 3.1). 

Those seeds which 96 h ageing caused to lose viability to less 

than 20% belonged to a different sublet than those seeds which 

were not so adversely affected. As far as possible in all future 

work seeds of the same sublet were used. 

When LTPST was applied to seeds prior to the ageing treatment it 

also exerted a protective effect (Fig 3.4) of similar magnitooe 

to post ageing treatments, in that times to 50 percent getmination 

were much lower in pretreated seeds but it had no effect on 

overall percentage germination (Fig 3.1). 
-86-



~ 

I.D 
a, 

Fig.3.1 Percentage germination following controlled deterioration. 

Open symbols: untreated seeds; closed sybols: low temperature 
l'IJ 
r-

pretreated following controlled deterioration. Combined plot of 

four experiments.~ seeds from sub-lot 8415.1, other symbols 
f $ 

different experiments using sub-lot 8415.3. Data plotted are ., 

back-transformed means and standard errors following ar,alysis ..,. 
N 

of variance of arcsine transformed data. 

8 g 

.. 

.,.. 

m 
ci, 
,z 

(/l 

....... I 
:z 
0 
H e.-
g 
.... 
~ 
c,J 
A 

A 
r..l 
..-1 
..-1 
0 

s 
~ 

t..) 

g 
(.'.I 

5 
8 
~ 
""0 

i: 

s 0 

-33-

0 



Fig. 3.2 The effect of low temperature pre-sowing treatments on time 

to fifty percent germination (T5O ) of aged and unaged seeds. 

Open symbols: untreated seeds; closed symbols: low temperature 

pretreated following controlled deterioration. Data are from thre~ 

three different experiment~,each indicated by different symbols e·:~-

combined estimates of standard error calculated for each experi~=r: 

are plotted. 
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Fig. 3.3 The effect of low temperature pre-sowing treatments on the 
D 

germination □f aged and unaged seeds at 20 c. 
Open symbols: untreated seeds; clo~ed symbols: low temperature 

pretreated following controlled deterioration. Times (hours) for 

for which seeds have been subjected to controlled deterioration 

(ageing) are shown on each curve. 
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Table 3 .1: The Effect of LTPST Prior to Controlled Geterioration 

Treatment on Percentage Gennination 

LENGTH OF AGEING Untreated Seeds LTPST Before Ageing 

PERCENTAGE GERMINATION 

0 97 99.5 

S.E. 1.9 S.E. 0.6 

24 98.5 98.0 

S.E. 1.0 S.E. 1.4 

48 81.5 84 

S.E. 2.5 S.E 3.5 

72 82.5 77 

S.E. 1.7 S.E 3.8 

168 0 0 

Each result is the mean of 4 replicates. 
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3.2.2. Subsequent Seedling Growth 

72h ageing caused a significant (at the p<D.01 level) decrease in 

rates of radicle growth (Fig 3.6). LTPST improved the calculated 

linear growth rate of radicles of 72h aged seeds but comparison 

of the regressions showed the improvement was not significant. 

LTPST significantly (p<0.01) decreased the growth rate of radicles 

of unaged seeds. 

The variation in data regarding hypocotyl growth was such that the 

differences in growth rate due to ageing or LTPST were not significant 

(Fig 3.5). Regressions were significant at the p<0.05 level. Rates 

of radicle and hypocotyl growth are given in table 3.2. 

During the longer term·pot trials LTPST had no significant effect on 

either mean shoot weight (Fig 3.7) or mean plant height (Fig 3.8) 

when corrected for emergence rate.s (Fig 3-9). 

Table 3.2 Rates of Radicle H:t:pocot¥1 growth at 20
0 

C expressed 

as gg/h 

RADICLES HYPOCOTLS 

UNAGED 72h AGED UNAGED 72h AGED 

UNTREATED 2.39 0.98 10.23 4.94 

TREATED 2.30 2. 18l B. 15 6.56 
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3.3 Discussion 

This method of controlled deterioration produced seeds which were 

no longer viable after one week (with the exception of one seed lot 

which had lost viability at 96h). The advantages of this artificial 

ageing technique include the speed with which a range of viabilities 

can be obtained after specific ageing periods, by a method which is 

both simple and reproducible, at least within a given seed sub lot. 

Controlled deterioration techniques involve better control over seed 

moisture content and temperature than do the earlier "accelerated 

ageing" methods (Matthews and Powell, 7987). The reason for this 

improvement is that in controlled deterioration seeds are imbibed 

to the same moisture content before the ageing regime at raised 

temperatures whereas in accelerated ageing seeds gain moisture during 

the initial period at raised temperature, often resulting in different 

moisture contents being attained. 

Controlled deterioration is widely used by the seed industry and by 

the official seed testing stations in Edinburgh and Cambridge and 

has been shown to be consistent over a period of years (Matthews and 

Powell, 1981 ) . 

Seed germination rates are just as susceptible to controlled 

deterioration treatments as germination capacity. The low temperature 

pre sowing treatment significantly increased the germination rates, 

but had no effect on the germination capacity of deteriorated seed stock. 

This suggests that the critical limiting events impairing germination 
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rates are unrelated to those causing seed death. If the change in 

r50 1 s obtained as a rerult of LTPST is plotted as a function of 

ageing a linear correlation (r = 0.9106) is apparent (Fig 3.9). This 

sur,gests that events affecting the germination rate may be associated 

with a single limiting factor which is reversible during the LTPST. 

Brocklehurst and Dearman (1983) found a similar simple relationship 

between reduction in mean germination time due to osmotic pre sowing 

treatment and the mean time of germination of untreated seeds for 

lots of differing vigour of three species of small seeded vegetables, 

carrots, onions and celery. In their study, inspite of differences 

in seed lot being attributable to both age and provenance, their 

results may well represent a physiological manifestation of the same 

single rate limiting process. The convenience of artificial ageing 

treatments may facilitate the identification of this process. 

Seedling growth trials were carried out to assess whether ageing 

treatment caused a decline in growth rates and if so, whether the 

LTPST had any restorative effect on them. The petri dish growth 

trials showed that seeds subjected to 72h ageing had a significantly 

slower radicle growth rate than unaged seeds, which LTPST was unable 

to (significantly) reverse. LTPST caused a significant decline in growth 

rates of radicles of unaged seeds confirming previous reports 

(Coolbear, Newell, Francis andBryant , in preparation) an tomato 

seeds. Hypocotyl gro~h rates were not significantly altered by either 

LTPST or ageing, but this is probably due to the high variations in 

the data. 
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During the longer term pot trials, the adverse effects of ageing 

were no longer apparent, suggesting that the seedlings are capable 

of recovering from ageing damage. LTPST had no effects on seedling 

growth during these pot trials. 

These indications that pre sowing treatment has little effect on 

subsequent seedling growth are in accordance with studies on tomato 

seeds using an inert osmoticum or capsicum extract as a pre sowing 

treatment (Coolbear, 1978). Similar observations were made by 

Heydecker (1974) on onion seeds. Any advantages retained by a crop 

grown from pre treated seeds will therefore be due to earlier 

germination. This agrees with observations of other workers e.g. 

Austin et al, 1969 who found that the relative growth rates of seedlings 

from pre treated and untreated carrot seeds were identical. Grabe, 1972 

similarly demonstrated that germination - advancing wetting and drying 

treatments of carrot did not alter the rate of radicle growth. Oyer 

and Koehler (1966) reported that early emergence of salt treated seeds 

was associated with improved early yield in some varieties, and Austin 

et al observed mean increases over ten harvests in root yield of 8% 

as a result of carrot seed harvesting which induced an emergence 

advancement of 3-4 days. However, Hegarty (1970) found that wetting 

- drying treatment of sweetcor-n which significantly improved the 

percentage emergence of two out of five varieties did not result in 

an earlier crop. It is therefore likely that in many cases improved 

yields may be as much a consequence of enhanced emergence or better 

establishment in more favourable conditions than due to actual 

alteration of growth rates • 
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CHAPTER FOUR: PHYSIOLOGICAL CHANGES DURING 

GERMINATION AND AGEING 
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INTRODUCTION 

In an attempt to assess whether ageing or LTPST have any effect 

on membrane reorganisation during imbibition, overall ionic 

leakage was measured. Leakage studies are also a valuable tool 

for assessing any increased hydrolysis in aged seeds so leakage 

of reducing sugars and amino acids over the first 24 h of 

irobibition was also assessed. To gain further insight into the 

fate of storage reserves during ageing and LTPST water uptake 

curves v.1ere measured and total protein rneasurenents were 

performed on aged, unaged, treated and untreated dry and 72 h 

genninated seeds. Transmission electron microscopy was utilised 

to see if any evidence on the fate of storage reserves during 

ageing or LTPST was apparent. 
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4.1: Materials and Methods 

4.1.l: Leakage Studies 

Specific conductance of the seed leachate was determined by 

soaking 20 seeds in S.O cm3 de-ionized H2o and measuring 

conductivity changes in it during the first 24 h of imbibition. 

Concentrations of leached reducing sugars during the first 24 h 

of imbibition of 25 seeds in 1.0 cm3 de-ionized HzO were 

colourimetrically estimated using Nelsons reagent (Nelson, 1944). 

Concentrations of leached amino acids were similarly measured, 

using the ninhydrin method (Moore and Stein, 1948). Glucose and 

glycine respectively were used as standards for these two assays. 

4.1.2: Water Uptake 

Seeds were imbibed at 20°C in platform. boxes with filter papers 

acting as a wick to a distilled water reservoir below as 

previously described. At specific time intervals four replicates 

of 50 seeds were removed .. Moisture contents were determined by 

difference in weight after drying for 2 hat 130°C. 

4.1.3: Total Protein Measurements 

Protein was measured by a method adapted from Brocklehurst and 

Dearman,( 1980). 25 seeds were ground in 2 cm3 of ice cold 7 .5% 

(W/V) TCA and homogenization was completed in a further 3 ml cold 

TCA. TCA insoluble material was pelleted by centrifugation> 

washed twice in cold TCA and finally in ethanol. Protein was 

extracted in 4 cm3 IN NAOH at 30°C overnight, and the amount of 

protein in O.l cm3 solution determined using the Folin-Ciocalteau 

reagent (Lowry, Roseborough, Farr and Randall, 1951) with BSA as 

a standard. 

Several methods of protein extraction were tried before the final 
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method was adepted. The methods of Puls and Lambeth (1974) and 

Dungey ar:d Davies (1982) which both involved a prior de-lipidation 

step yielded only approximately half the protein extracted by the 

chosen method. The method of Puls atrl Lambeth, without a de

lipidation step produced higher values but not as high, or as 

consistent as the method finally adopted. When a de-lipidation 

step was performed before the method described, approximately 25% 

less protein was extracted, presumably extracted with the lipid. 

For protein measurenents fallowing 72 h germination seeds were 

germinated as described in section 3.1.3 and dried back for 48 h 

at roan tenperature before use. 

4.1.4: Electron Microscopy 

Embryos were dissected from seeds in 2.5% buffered glutaraldehyde 

in glass petri dishes. The seeds had previously been imbibed for 

varying periods of time (24 h or 72 h). 

The tissue was placed for a minimum of 4 h in vials containing 

glutaraldehyde, following which they were washed three times in 

OiM Sodhm caccxiylate. The embryo tissue was then placed in 1% 

osmium tetroxide (diluted 1:1 with sodium cacodylate) for 2 h 

after which it was washed at least 3 times with sodium caccxiylate. 

Dehydration was carried out as follows: Samples were placed in 

70% ethanol for 30 mins, 100% ethanol for 120 min and finally in 

100% ethanol over scdium sulphate. The dehydrated tissue was 

transferred to propylene oxide for 15 min which was then 

changed for a further 15 min. Tissue was embedded by transferring 

to a 1:1 mixture of epoxy propylene: araldite (hardner and resin 

1:1) for 1 h (the hardner and resin had previously been stirred 

for 24 h). Specimen capsules were filled with resin and 

accelerator (1:1) with a pasteur pipette ensuring no air bubbles 
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were present and the tissue samples were dropped in using a 

fine paintbrush previously washed with epoxypropane, and left 

overnight to settle. The resin was then baked at 80°C for 1 h 

and then at 60°C for 36 h. 

The resin blocks when finally set were cut so as to orientate 

the radicle tip in the desired position, tip uppermost. 

Sections were cut on an ultramicrotome and grids were stained 

in lead citrate and uranyl acetate. Electron micrographs were 

taken on an AEI corinth at North East London Polytechnic and a 

Phillips 300T at Plymouth Polytechnic by kind permission of 

Dr B WW Grout. 
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4.2: Results 

4.2.1: Leakage Studies 

Figs 4.1, 4.2 and 4.3 show the progressive leakage of total ions, 

reducing sugars and amino acids respectively. The curve for total 

ionic leakage (Fig 4.1) follows those described for other species; 

eg, crimson clover (Ching and Schoolcraft, 1968) and castor bean 

seeds (Thomas, 1960), but unlike observations reported in peas 

(Powell and Matthews, 1977) the conductivity measurements did not 

reveal a.ny differences in overall ionic leakage between fresh and 

aged, non-viable seeds. In contrast to this, the assays for 

amino acids and reducing sugars showed a considerable increase 

in aged seeds compared with fresh seeds over the first 24 h of 

imbibition (Figs 4.2 and 4.3). Although the total amounts 

leached varied considerably with length of ageing, the amounts 

leached were negligible after 12 h. It was concluded that in 

the main these data reflect a general increase in the 

concentration of free small molecules as a result of hydrolysis 

during ageing rather than the rate of membrane reorganisation 

occurring as the seed rehydrates. The effect of LTPST on the 

leakage of amino acids and reducing sugars from unaged and 72 h 

aged seeds was measured (Table 4.1 and 4.2). Despite its 

ability to reverse the-detrimental effects of this length of 

ageing substantially> LTPST did not cause a significant change 

in amounts of small solutes leached over 4 hand 24 h. 

4.2.2: Water Uptake 

If the concentrations of free small molecules had increased 

during ageing this would result in a decreased seed osmotic 

potential and on im.bibition a higher lag phase moisture content 

could be expected to be attained in aged seeds. This was found 

to be the case when water uptake profiles were measured (Fig 4.4) .. 
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fig. 4.f 

Ionic leaka90 from a,1ed and unaged seeds over the first 24 h.· .• .
of' imbibition • 

. Each value is the mean conductivity of the leachate from four reeU. "' 

of twenty seeds in five mls. deionised water. Standard errors are 

cabulated separately for each mean. O unaged seeds; o week d,e,
seeds. 
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Fig. 4.2 Concentration of reducing sugars in seed leachate during the 

first 24 hours of imbibitian. 

Each value is the mean leakage from four replicdtes of 25 seeds in 

one ml. deionised water. Standard errors are calculated individually • 

o unc1ged seedc;; .c. 72 hours aged seeds; a week agE:d ;,eeds. 
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Fig. 4.3 Concentration of amino acids in seed leachate during the first 

24 hours of imbibition. 

Each value is the mean leakage from four replicates of 25 seecs in 

one ml. deionised water. Standard errors are calculatea irn::tividually. 

o unaged seeds; A. '72 hours aged seeos; □ week aged seects. 
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TABLE 4.1 The effect of low temperature pre-sowing treatment on the loss of 

- amino acids from unaged and 72h aged seeds. 

Data tabulated are t~e amounts of amino acids (}lg glycine equivalents) leached 

from 25 seeds int □ one ml deionised water after 4 and 24 hours. Values are the 

means of four replicate determinations. 

UNTREATED TREATED 

Hours imbibed 4 24 4 24 

UNAGED 5.5 6.6. 7.0 B.1 

(S.E.) +-0.2 +-2.38 +-0.99 +-0.64 

AGED 72h 7.6 11.5 7.0 12.3 

(S.E.) +-1.33 +-1.37 +--0.47 +- -0.9 



TABLE 4~2 The effect of low temperature pre-sowing treatment on the loss of 

reducing sugars from unaged and 72h aged seeds. 

Data tabulated are the amounts of reducing sugar Cf-9 glucose equivalents) leached 

from 25 seeds into one ml deionised water• after 4 and 24 hours. Values are the 

means of four replicate determinations. 

UNTREATED TREATED 

Hours imbibed 4 24 4 24 

UNAGED 

(S.E.) 

22.1 

+-2.68 

20.8 

:!:::2.14 

20.1 

:!:3.64 

21.6 

+-3.52 

AGED 72h. 
(S.E.) 

54.7 

+-2.42 

61.2 

+-3.10 

50.2 

!5.78 

71.1 

+-6.45 
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The lag phase moisture contents attained by non-viable, one week 

aged seeds are significantly higher than those of unaged seeds. 

However, seeds aged for 72 hand still viable did not have a 

significantly different imbibition curve from that of unaged seeds 

(Fig 4.5). 

4.2.3: Protein Determinations 

Table 4.3 shows total protein contents of aged> unaged, treated 

and untreated dry seeds& following the first 72 h of imbibition. 

The results show that ageing treatment has no effect on total 

seed protein, even after periods of ageing (1 week and longer) 

which resulted in loss of viability. Following the first 72 b 

of germination there was a significant decrease in total protein 

of seeds aged for 72 h or one week. LTPST had no significant 

effect on the total protein content of tomato seeds at any 

stage. 

4. 2. 4 -·Electron Microscopy 

Plates 4.1 to 4.6 show EM micrographs of tomato seed embryo 

tissue in both unaged and aged seeds. It is apparent from 

plate 4.1 that unaged 72 h imbibed seeds are packed with lipid 

bodies. This makes it particularly difficult to distinguish 

any cell organelles such as mitochondria, endoplasmic reticulum 

etc. Protein bodies are evident and are generally larger than 

the lipid bodies although less numerous. The cell wall is 

easily distinguishable as is the nucleus containing evenly 

distributed chromatin of a normal appearance as well as a 

prominent necleolus. Plate 4.2 shows an unaged cell imbibed 

for only 24 h prior to fixation. The lipid bodies in this 

tissue are of an uneven appearance, not rounded as in the 

prev:l.ous plate. This suggests that despite maximun moisture 

content of the whole ungerm.inated seed having been attained 
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(Fig 4.4), this tissue was not fully hydrated. Plate 4.3 shows 

unaged pretreated tissue. Here starch granules are apparent but 

there is still little to be seen apart fran lipid bodies. In 

72 h aged seeds (Plate 4.4) the lipid bodies are fanning rosettes 

around what is thought to be protein bodies. A very similar 

pattern was shown previously in tanato seed cotyledons by Eggers 

and Geishman (1976). Week aged non-viable tissue (Plates 4.5 

and 4.6) contains coalesced lipid bodies and evidence of 

condensed chrcmatin in the nucleus is apparent (Plate 4.5). 

4.3: Discussion 

Conmonly accepted physiological methods of measuring rnanbrane 

integrity by monitoring seed leakage fran, eg; crimson clover 

(Ching and Schoolcraft, 1968); wheat (Hibbard and Miller, 1982); 

Castor beans (Thanas, 1960) and pea (Powell and Matthews, 1977) 

sean to be inappropriate for tc:rnato seeds. The form of the 

leakage curves for sugars (Fig 4.3) and anino acids (Fig 4.2) 

in which the curves plateau at the same time in aged and 

unaged seeds suggests that the increases in amounts of anino acids 

and sugars leached are not due to problems with rnanbrane 

reorganisation during imbibition. If membrane reorganisation 

was adversely affected during the rehydration of week aged seeds 

the fonns of the curves would not be expected to be similar in 

that the levelling off at around 12 h of imbibition of all 

curves would be unlikely and leakage would be expected to continue 

for longer. 

The increased losses of amino acids frcm aged seeds during the 

first 24 h of imbibition (Fig 4.2) suggests that mare free 

amino acids are present in aged seeds canpared with fresh seeds 

probably due to increased hydrolysis. However, total protein 
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Table 4.3: Total Protein Contents of Aged, Unaged, Treated and 

Untreated Dry Seeds and Following 72 h Imbibition 

Ungerminated Seeds 72 h germination 

Ageing Period Untreated LTPST Untreated LTPST 

S.E S.E S.E S.E 

Oh 35.6 1.2 34.8 1.2 32.4 1.2 32.8 2.4 

24h 36.8 2.0 35.2 0.4 - -
72h 37.6 0.8 33.6 3.2 30.0 1.2 30.8 0.3 

96h 38.8 2.8 36.4 1.3 

7 days 24.4 0.8 23.2 0.835.2 1.6 35.2 1.2 

8 days 36.4 1.2 -
12 days 35.6 1.2 -
18 days 37.2 1.6 -

Each result is the mean of between 4 and 21 replicates and is 

expressed as pg protein/seed. 
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PLATE 4.6 

Radicle tip cells from 1 week aged 72h imbibed untreated tomato seed. 

Magnification 15,200 x 

CL= Coalesced Lipid body CW= Cell Wall CJ= Cell junction 



measurements showed no evidence of changes in content during the 

ageing process (Table 4.3)o This is probably due to the fact 

that hydrolysed leached amino acids account for such a small 

proportion of total protein that the loss is not picked up by 

the total protein assay. 

Following 72 h of germination there was a decrease in total 

protein in both 72 hand one week aged seeds. This is probably 

due to the increased hydrolysis occurring in these seeds during 

the germination period. The amount of protein hydrolysed to free 

amino acids evidently significantly depletes the total protein 

stores in these aged seeds. Because the amount of amino acids 

leached from week aged seeds during 24 h imbibition is only 

approximately 4% of the total protein reserves, it is likely 

that the losses of both sugars and amino acids are a consequence 

rather than a cause of loss of viability. In several different 

species of seeds (eg, crimson clover and perennial ryegrass, 

Ching and Schoolcraft, 1968; and sorghum, Perl, Luria and Gelmond, 

1978) an increase in proteolytic activity has been shown to 

accompany ageing. Levels of free amino acids rose in crimson 

clover and ryegrass seeds during ageing which was probably due to 

the increased activity of proteases. 

Other workers have reported increased leakage of sugars from 

crimson clover seeds (Ching and Schoolcraft, 1968) and barley 

embryos (Abdul Baki and Anderson, 1970). Leakage of sugars 

obviously means loss of respirable substrate which could 

possibly be a limiting factor in the germination of aged seeds. 

Recent studies (Marbach and Mayer, 1985) on leakage of sugars and 
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proteins frcm imbibing pea seeds show'ed losses to be continuing 

even after 48 h of germination. The effect of fluctuations of 

temperature on leakage of these molecules was studied as was the 

extent to which leakage continues fran a seed when it is placed 

under conditions permitting or preventing germination. The 

authors had previously speculated (Mayer, 1977; Mayer and 

Poljakoff Mayber, 1982) that me:nbranes may be the sensors of 

transient ts:nperature changes in germinating seeds and wanted 

to test the hypothesis by determining how the leakage of seeds 

responds to transfer from one temperature to another and 

whether short exposures to one temperature results in changes 

in leakage. Their results suggest that the seed in some way 

senses the temperature of imbibition and leakage responds to this 

tanperature, even if the ta:nperature is altered during 

germination. Losses of electrolytes, proteins and sugars were 

very much greater following irnbibition at 5°C than at 2'1', 

consistent with the concept of increased rates of repair at 

elevated tenperatures as first suggested by Villiers (1974). 

Increased hydrolysis during ageing of tanato seeds was also 

suggested by the higher lag phase moisture contents attained 

during the water uptake of week aged seeds canpared with unaged 

seeds. That 72 h aged seeds showed no increase lag phase rn/c 

compared with unaged seeds suggests that increased hydrolysis 

only occurs significantly between 72 hand one w,eek of the 

ageing treatment. Fig 4 would support this in that considerably 

more amino acids are leached fran one ......eek aged seeds canpared 

with the relatively low concentrations leached from both unaged 

and 72 h aged seeds. sane leakage may, of course, be due to non

cellular 1nolecules. Wolswinkel and Anmerlaan, {1985) have 
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recently shom sugars, amino acids and phosphates to be released 

fran seed coats of Vicia fabia arrl Pisum sativum. 

The electron microscopy studies revealed little about the 

physiological changes during ageing. As this seed species appears 

to be so packed with lipid bodies few other organelles are 

visible which confinns previous studies on tomato seeds (Eggers 

and Geishman, 1976). Hence the effects of ageing on mitochondria, 

lysosanes, golgi bodies and other organelles are not revealed. 

Thus it was not possible to relate the changes reported during 

ageing of Zea mays embryos (Berjak and Villiers, 1970 a,b) to 

those occurring in tanato seeds. The coalescing of lipid bodies 

apparent following one weeks ageing (and loss of viability) are 

consistent with changes observed in pea seeds during artificial 

ageing (Harman aoo Granett, 1972). In non-viable Protea canpacta 

embryos, (Van Staden et al, 1976) root tip cells contained 

coalesced lipid bodies which had formed large masses of 

a:norphous material. No coalescing was evident in viable embryos 

in this species. Coalescence,which has been reported in 

physiologically very different seeds presumably reflects 

increased hydrolytic activity. 

The evidence of condensed chromatin in these week aged non-viable 

seeds has also been reported in Protea canpacta anbryos (Van 

Staden et al, 1976) and suggests sane disorganisation of the 

nucleus. The hydrolytic damage indicated by the leakage of 

a:nino acids and sugars, the water uptake data and the electron 

microscopy, may of course be :i;x:,st lethal damage and not the 

cause of loss of viability. 

-131-



CHAPl'ER FIVE: MEMBRANE BICXliEMISTRY 
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INTRODUCTION 

The effects of ageing and LTPST on membrane biochemistry -

specifically phospholipids and fatty acids - -were investigated. 

Any dram!=ltic decrease in total PL or abnonnal changes in the 

relative proportions of different types of PL during ageing should 

be indicative of manbrane damage. If the changes are non-lethal, 

LTPST may be able to reverse them. In order to look at the 

nature of any manbrane damage it is necessary to study the 

changes occurring in fatty acid canposition. 'Any changes in 

saturation apparent following the ageing or pre-sowing treatments 

could indicate the mechanism of damage occurring. 

The protective influence of anti-oxidants during ageing and 

possible changes in the levels of activity of the free radical 

scavenging enzyme superoxide dismutase (SOD) were also 

investigated in an attanpt to evaluate the role of oxidation 

damage may play during ageing. 
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5.1: Materials and Methods 

5.1.1: Total Phospholipid Measurements 

The lipid fraction was extracted by the method of Colborne and 

Laidman (1975). Modifications were tested using various ratios 

of solvent volume: seeds in order to improve the reproducibility 

of the extraction. The following method was found to be the most 

consistent: 100 air dry seeds were dropped in 2.0 cm3 boiling 

water saturated butanol (WSB) - to lessen the possibility of 

artefact production as previously discussed - containing an 

anti-oxidant, butylated hydroxytoluene, (BHT), for 2 minutes and 

then the seeds were ground to a slurry. A further 4.0 cm3 of WSB 
' 

spun for 10 min at 1300g and the supernatant1#~.s added, the slurry was 

3decanted. The precipitate was re-extracted with a further 4.0 cm WSB and 

3 .'re-centrifuged and the volume of the fraction measured~ A 200 mm aliquot 

was dried down under nitrogen and the concentration ?f.Jhe f~ present 

. determined using a spectrophotometric assay for phosphorus (Bartlett 1959). 

Between four and eight replicate extractions ·- were made for each treatment. 

Total PL content of dissected seeds (embyro and residua\.) was also 

measured. 

5.1.2: Thin Layer Chromatography 

TLC was used to separate the various PL classes. 500 mm.3 of the 

extract was dried down under nitrogen and redissolved in 100 mm.3 

of chloroform: Methanol (2:1) and re-dried. Finally 25 mm.3 of 

chloroform was added and this was loaded onto a TLC plate (BDH 

kieselgel H, 20 ems x 20 ems, layer thickness 0.25 mm) along with 

PL standards. The plates were run in a solvent mixture of 

chloroform: acetate: methanol: acetic acid: water (10:4:2:2:1). 

The TLC plate was air-dried and PL spots visualised by development 

in iodine vapour. Identification was made by comparing the 

position of each individual PL position with PL standards run on 
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the same plate. No PA or LPC were found. There have been 

suggestions that LPC and PA could arise as artefacts of extraction 

procedures (Kates 1970) and in this method tissue was dropped 

into boiling WSB before extraction. This would have lessened 

the danger of forming them. PE and ro run together and as they 

are difficult to separate they were scraped together to lessen 

inaccuracies. Areas of silca bearing PL were removed and 

following digestion of the lipids with hydrogen peroxide, the 

concentrations of each PL was determined as previously described 

(Section 5.1.1). 

5.1.3: Fatty Acid Determinations 

A modification of the method of Ohlrogge and Kernan (1982) was 

used. 50 seeds were dropped into 2.0 cm3 of boiling WSB for 2 
3

minutes and then ground to a slurry. A further l an of WSB was 

added and the slurry was spun for 10 mins at 1300 g and the 

supernatant decanted. The precipitate was re-extracted with a 

further 2.0 an3 of WSB and re-centrifuged. The supernatants were 

pooled and the volume measured. A 200 rrm3 aliquot was dried under 

nitrogen and redissolved in 100 rrm3 of chlorofonn: methanol 

(2:1), redried and finally re-dissolved in 25 nm3 chloroform. 

This was loaded onto the TLC plate (BDH silica G, 20 ans x 20 ans 

layer thickness 0.25 nm). The plates were run in petroleum ether: 

diethyl ether: acetic acid (80:20:1). In this solvent mixture the 

polar lipid fraction remains at the origin. The TLC plate was air 

dried and the areas at the origin scraped into test tubes. 500 

rnm3 of cone. sulphuric acid in methanol and 50 rrm3 of 100 pg/cm3 

heptadecanoic acid (as an internal standard) were added. The 

tubes were then incubated for 3h at 70°c. 1 an3 of 14 percent 

borontrifluoride (BF3) in methanol was added and the tubes were 
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incubated at 80°C for 1 h. 25 cm.3 of hexane and z.o cm.3 of 

distilled HzO were then added and the tubes were thoroughly 

mixed and left to stand for 30 mins. The upper layer was removed, 

dried down under nitrogen and redissolved in 50 mm3 hexane. The 

samples were then injected into a Perkin Elmer F-30 gas liquid 

chromatogram. The glass column used was packed with diethylene 

glycol succinate (DEGS) on chromasorb WHP 100-120 mesh. The 

flow rate was SO cm3/min, with a column temperature of 185°C, 

and an injection temperature of 250°C. Identification was made 

by comparison with fatty acid methyl ether standards (purchased 

from Sigma) injected under identical operating conditions. 

Chromatographic peak areas were determined as the maxim.um peak 

heights above the base line multiplied by the peak width at half 

the maximum height. 

5.1.4: Anti-oxidant Protection During Ageing 

The anti-oxidants, mercaptoethanol and sodium thiosulphate 

were tested for their protective effect during ageing. Seeds 

were imbibed for 2 h in Petri dishes lined with 2 Whatman no. 1 

filter papers with 3 cm3 of distilled HzO containing 

mercaptoethanol (1, 10 or 20 ppm) or sodium thiosulphate 

(10, 50 or 100 ppm) for 2 h. They were then surface blotted 

and put into airtight storage jars at 45°C. After incubation, 

the seeds were left to dry back in air at room temperature for 

48 h. Petri dish germination trials were then conducted as 

previously described. Fatty acid determinations were carried 

out as previously described. 
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5.1.5: Free Radical Decontaminating Activity of Superoxide 

Dismutase 

Superoxide dismutase was assayed on its ability to inhibit the 

photochemical reduction of nitro-blue tetrazolium by the method 

of Beauchamp and Fridovitch (1971) 

50 seeds were ground in 3 cm.3 M/15 phosphate buffer, pH 7.8. The 

homogenate was centrifuged at 30,000 g for one hour and the 

supernatant obtained was the enzyme extract. The reaction mixture 

consisted of 100 mm3 NBT, 200 mm3 OIM EDTA containing 1.5 mg 

Na cyanide per 100 cm3, 50 mm3 of 0.12 nnn Riboflavin, M/15 

phosphate buffer, pH 7.8 to make the total volume up to 3 cm3 

and 0-100 nnn.3 of enzyme extract (0, 20, 50, 75 and 100 mm.3). 

Riboflavin was added last, the tubes mixed and placed 15 ems 

below a light bank consisting of two 20-w flourescent tubes. 

The reaction was started by switching on the lights and was 

stopped after 15 minutes when the lights were extinguished and the 

tubes were placed in a dark box. Absorbance was read at 560 mm. 

A non-irradiated reaction mixture had an Absorbance of zero at 

560 nm, the reaction mixture lacking enzyme developed the most 

colour and this decreased with increased volume of extract added. 

Percentage inhibition was calculated, and plotted against the 

amount of extract added. The volume of extract producing 50% 

inhibition of the reaction was read from the resulting graph. 

One unit of SOD activity was defined as that amount of enzyme 

which caused 50 percent inhibition. 
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5. 2: Results 

5.2.1: Total Phospholipid Determinations 

Controlled deterioration caused a progressive decrease in total 

PL content (Table 5.1 Fig 5, O),Particularly heavy losses are assoc.iated 

with the extended periods of controlled deterioration which result 

in the impairment of germination capacity (to zero viability after 

one week's ageing). The amount of phospholipid in the polar lipid 

fraction fell from a mean of 98 C:~4. 5) }19 Pi/100 fresh seeds to 

65 (±1.5) pg Pi/100 seeds in v-Jeek aged non-viable seeds. Despite 

the restorative effect of a subsequent low tenperature pre-sowing 

treatment on the germination rate of dcu::.riorated, but still 

viable seeds, the same treatment did not restore th: PL levels 

in these samples and in fact further increasc.:<l the· reduction 

following one w-eeks ageing. Separate analyses of total PL in 

dissected seed samples indicated that the reduction in PL with 

deterioration was not confined to the anuryo (Table 5.2). 

Following the first 72 h of germination (at 20 0 C) of unaged and 

72 h aged seeds, by unbalanced analysis of variance there was a 

significant (P<0.05) increase in the ~nount of total PL present 

canpared with ungerminated seeds in both treated arrl untreated 

samples (Table 5.3). The high standard errors of these results 

canpared with those of ungerminated seecls probably reflects 

variations of metabolism in germinatin~ ser2ds. 

5.2.2: The Effect of Ageing arrl LOw Tanperature Pre-Sowing 

Tre2.t:1ent on Phosph:'.)l ipid Canp<:lsi tion 

Phosphatidylchcl ine (FC) was identified a::; th;,1 major PL class 

present in the fX)lar lipid fraction of unaged tomato seeds, 

canprising more than 50% of the total. (Table 5.4). During the 
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TABLE s.1 The effect of control led deterioration and subsequent low temperature 

pre sowing treatment on the germination performance 

and phospholipid content of tomato seeds. 

Length of Controlled 

deterioration !hl 

o 

24 

.. 72 

96 

168 

/ 

' Time to 50% germination, % Germination 

(hlT50 

untreated Treated Untreated Treated 

100 99147.24 74.99 

( 1.54 l ( 1.45 l 

149. 70 72.49 98 94 

C 1,42) C 1.34 l 

220.56 95.55 90 76 

Cl. 23 l ( 1.07 l 

296.45 155.44 56 46 

C0.85 ) (0.74) 

o 6 

.: 6. 1 a .: a.as b 

~g Pl/100 seeds 

Untreated Treated 

98.12 109.54 

: 4.5 :,5.28 

96.25 99.29 
.. 7.94 .:3,65-

88.10 92.41 

!3.32 .:J.47• 

82.93 88.14 

.:,3. 18 .:3,52 

65.13 48.73 

,:l.54 .:,2.31 

Each value 1s the mean of ar Least 4 replicates 

a- combined mean square S.E of T50 

b - combined mean square S.E. of% G (transformed values) 
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TABLE 5.2 Total Membrane Phospholipid Content Of Embryos And 

Remainder Of Aged And Unaged Seeds 

Results are expressed as pg Pi/50 seeds and are the means of 4 replicate 

determinations. 

EMBRYOS 
REMAINDER OF SEED 
(TESTA & ENDOSPERM) 

UNAGED 
S.E. 

38.11 
+ 
- 7.04 

23.91 
+ 1.83 

WEEK AGED 
S.E. 

23.48 
+ 3.93 

14.17 
: 0.86 
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TABLE 5.3 Changes in the total phospholipid present in aged and unaged, 

Low temperature treated or untreated seeds following 72 hours 

imbibition at 20°c. 

Results are expressed as jlQ Pi/100 seeds and are the means of between 

four and seven replicate determinations. 

AGEING PERIOD 0 72 hours 

UNTREATED TREATED UNTREATED TREATED 

UNIMBIBED 96.1 

S.E. ::t4. 50 

109.5 88.1 92.4 

+ +-5.28 :!:3 .32 -1.47 

72h IMBIBED 106.0 

S.E. :-11.05 

117.3 120.7 105.5 

+::t9.s1 -18.33 :!:1 □ .84 
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TABLE 5.4 Changes in the concentration of major phospholipid 

classes in the polar lipid fraction of tomato seeds 

following controlled deterioration and subsequent 

low temperature pre-sowing treatment. 

Results are expressed as mean j-J9 Pi/100 seeds. Identified fractions 

are Ph □ sphatidylcholine (PC), Phosphatidylethanolamine and Phosph-
.. 

atidylglycer □ l (PE+ PG) and PhosphatidylinositLll (PI). 

UNTREATED TREATED 

PC PE+PG PI PC PE+PG PI 

UNAGED 

(S.E.) 

54.2 

:!: 3-.2 

27.0 

:!2.36 

16.5 

: 2_66 

56.8 

:t,4.06 

31.3 

:5.44 

20.2 

:tZ.68 

72h AGED 

(S.E.) 

39.2 
' 

+ 
- 2.3~ 

26.2 

+-1.78-

20.9 

:!:2 .32 

41.5 

+-1.7a 

31.3 

+-3.24 

19.8 

:!:3 .28 

WEEK AGED 

(S.E.) 

22.9 

+ 
- 1 ·66 

25.4 

+-3.01 

16.1 

+-2.7 

17 .4 

+-1.44. 

17.3 

+-1.76 

15.3 

+-1.20 
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controlled deterioration treatment there was a significant 

decrease in the total amount of PC in the membrane from a mean 

of 54 pg/100 seeds in unaged untreated seeds to 39 pg/100 seeds 

in 72 h aged seeds (P(0.01). After one weeks ageing, which 

p_roduces non-viable seeds, the PC concentration had fallen by 

over 50% to a mean of only 23 pg/100 seeds. The concentration 

of the other major PL classes, phosphatidylethanolamine plus 

phosphatidylglycerol (PE+PG) and phosphatidylinositol (PI) 

remained constant throughout the deterioration process. Low 

temperature pre-sowing treatment did not induce significant 

changes in the PL composition of unaged or 72 h aged seeds. 

In one week aged seeds (now non-viable) low temperature pre

sowing treatment induced further reductions in PC (significant 

at the P{0.05 level), presumably reflecting the continuation 

of hydrolytic activity in non-viable tissue which also appears 

to cause a fall in PE+PG content (Table 5.4). Following 72 h 

germination of unaged untreated seeds there was a significant 

increase in PI (P(0.05), but the accompanying decrease in 

PC was not significant as measured by our assay technique 

(Fig 5.1). There is a similar pattern of changes for unaged 

seeds germinated for 72 h after LTPST, but none of these 

changes were significant in this case. Untreated seeds aged 

for 72 h showed a significant increase in PE+PG (P<0.02) and 

in PI (P<0.05), any changes in PL composition for 72 h aged, 

pretreated seeds were not significant 

5.3: Discussion 

There appears to be a direct relationship between loss of 

viability due to controlled deterioration and the amount of PL 

present in tomato seeds. If total concentration of PL is 
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FIG 5.1 

PC: Phosphatidylcholine. PE: Phosphatidylethanolamine. 

PG: Phosphatidyglycerol. PI: Phosphatidylinositol. 

Figures indicates e's (combined estimates derived from TLC 

and total phospholipid determinations.) 
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FIG 5.2 

Data for germination capacity plotted are back-transformed 

means and standard errors. Standard errors plotted for 

total phospholipid (expressed as pg Pi) are calculated 

individually for each mean. Open symbols: untreated 

after ageing. Closed symbols: LT PST following ageing. 

Correlation coefficients are 0.9330 and 0.9526 respectively, 

for untreated and low temperature pre-treated seeds. 
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plotted against the falling germination capacity obtained due to 

controlled deterioration treatment a straight line correlation is 

apparent (r = 0.9330) (Fig 5.2). Low temperature pre-sowing 

treatment appears unable to bring about a reversal despite an 

ability to alleviate substantially the detrimental effects on 

germination rate brought about by limited periods of controlled 

deterioration. It therefore seems likely that although a fall 

in PL concentration beneath a critical level, may be an important 

factor in the loss of seed viability caused by ageing, changes 

in total PL are not the critical factor involved in the increase 

of time to 50% germination (Tso). 

The severe losses in total PL levels which accompany loss of 

germination ~apacity confirm reports on cucumber seeds (Koostra 

and Harrington, 1969) in which the total polar lipid was reduced 

by over 60% during artificial ageing, and those of Powell and 

Matthews (1981) who reported a similar considerable (50%) loss of 

PL accompanying the artificial ageing of pea seeds. Studies on the 

PL composition of tomato seeds show PC to be the major PL present~ 

as with other species; eg. cucumber (Koostra and Harrington, 1969) 

peas (Quarles and Dawson, 1969, Powell and Matthews, 1981) 

taramira (Sukhiya and Bhatia, 1970), hazel (Shewry, Pinfield and 

Stobart, 1973) and soybeans {Chapman and Robertson, 1977). It is 

clear from the analysis of the PL components that the major cause 

of loss of total PL in both untreated and treated aged seeds is 

the breakdown of PC (Table 5.4). Levels of PC fell by over 50% 

from 54.2 p-g/ 100 unaged seeds to only 22.9 p.g in 100 week aged 

non-viable seeds. This agrees well with data from cucumber 

seeds (Koostra and Harrington, 1969) in which the overall PL 

decrease during artificial ege{ng was attributed to a decrease 
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in PC, again of over 50%. The same magnitude of PC loss was 

observed during the artificial ageing of pea seeds (Powell and 

Matthews, 1981). So the loss of PC seems similar in seeds of 

very different morphology. 

The increase in total PL during early germination corresponds with 

changes found in germinating cotton (Ergle and Guinn, 1959) and 

wheat (McDonnell et al, 1982). Synthess of PI appears especially 

important in the germination of unaged or 72 h aged untreated 

seeds, the changes in seeds given LTPST are less clear though 

they seem to follow a broadly similar pattern. 

There is a high level of variation associated with this kind of 

quantitative PL analysis, there being sources of error in both 

extraction of total PL and in the separation and estimation 

using TLC. The inherent variation of the seed stock as it 

germinates compounds this problem further. Thus at present it 

has not been possible to determine whether LTPST affects 

subsequent lipid metabolism during germination. It is clear 

however, that the LTPST cannot reverse the dramatic losses of 

PC which are associated with loss of viability. The mechanism by 

which LTPST alleviates some of the detrimental effects of 

controlled deterioration is probably unrelated to membrane 

status. 

5.4 Results 

5.4.1: Changes in Membrane Fatty Acid Content During Ageing and 

Subsequent Low Temperature Pre-Sowin~ Treatment 

After LTPST, unaged seeds showed a s:f.gnificant increase (p< Q.05 

level) in total polar lipid fatty acid content rising from 7.9 to 

9.6 }lg/seed (Fig 5.3). Because of the high standard 
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errors associated with this technique, changes in individual fatty 

acids in unaged seeds are not significant, but results are 

consistent with the suggestion that LTPST causes an increase in 

all the C.18 acids (Fig 5.4-5.8). 

24 h ageing causes an increase in total fatty acids to an 

equivalent level to that found in unaged> treated seeds. There 

are recorded increases in all the C.18 acids except linolenic, 

but only that of oleic acid 1.1 to 1.7 pg/seed is significant 

(P < 0.05 level) (Fig 5.6). Losses of total fatty acids 

between 24 hand l week is due to decreases (significant at 

the P< 0.05 level) in palmitic, oleic and linoleic acids. The 

apparent increase in stearic acid after 24 h ageing is 

maintained. After ageing and subsequent LTPST the decrease in 

total fatty acid content is more marked and reflects especial 

declines in linoleic and stearic acids. The reduction in stearic 

acid content in 1 week aged seeds after LTPST is particularly 

severe. 
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Fig 5.3 

Total Polar Lipid Fatty Acids during controlled 

deterioration and low temperature pre-sowing 

treatment 

Open symbols indicate untreated after ageing 

Closed symbols: LTPST following ageing 
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Fis 5.1 Concentrations of Oleic Acid during 

controlled deterioration and LTPST 
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5e4.2: The Effect of Antioxidant Protection During Ageing 

All concentrations (1, 10, and 20 ppm) of mercaptoethanol 

prevented the loss of viability usually seen in seeds aged for one 

week at a high H2o moisture content (Table 5.5). Seeds aged in 

10 ppm mercaptoethanol retained a viability of 92% (±1.15). 

Sodium thiosulphate at all concentrations used (10, 50, and 100 

ppm) also prevented the loss of viability exhibited by seeds aged 

at a high moisture content with no antioxidant (Table 5.6). 

However, as mercaptoethanol at a concentration of 10 ppm 

enabled the seeds to retain the highest viability (92%) during 

one weeks ageing this antioxidant was used for the fatty acid 

analyses • 

.Analysis of the individual fatty acids after ageing in 

mercaptoethanol and comparison with the data for unaged and one 

week aged seeds shown in Figures 5.4-5.8 reveals some interesting 

results (Table 5.8 ). In particular, the loss of palmitic acid 

during ageing is totally prevented. There is no evidence that 

the antioxidant prevents any losses of the Cl8 fatty acids. 

Losses of oleic acid may, in fact, be more severe and there is no 

rise in stearic acid when mercaptoethanol is present during 

ageing. 

Overall the presence of mercaptoethanol inhibits losses of total 

fatty acids after one weeks ageing by 40% (Table 5.7) but, as 

mentioned before, high standard errors are associated with 

these figures and these differences in total fatty acid 

complements are not significant. 

-160-



Table 5.5: The Effect Exerted by the Antioxidant, Mercaptoethanol 

on the Germination Performance of Artificially Aged 

Tomato Seeds 

Period of 

Ageing 

.• 

Concentration of 

Mercaptoethanol 

Final 

% G S.E 

Tso 

(h) S.E 

Oh - 97 1.3 145 
; 
i 5.0 

72h 1 ppm 

10 ppm 

20 ppm 

Water 

88.5 

89.5 

90 

94.5 

2. 26 

2.2 

1.8 

1.3 

196 

140 

144 

196 

16.7 

8.1 

9.0 

10.5 

WK 1 ppm 

10 ppm 

20 ppm 

Water 

87.5 

92 

83.5 

s.5 

3.2 

' 1.2 

3.4 

1.3 

182 

136 

137 

21.2 

10.7 

3.0 

-

The results are the mean of four replicates of 50 seeds. 
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Table 5.6: The Effect Exerted by Na Thiosulphate on the 

Germination Performance of Artificially Aged Tomato 

Seeds. 

Period of 

Ageing 

Oh 

Concn of Na 

Thiosulphate 

Final% G SE 

97 1.3 

Tso (h) SE 

72h 10 ppm 87 1.3 120 8.5 

50 ppm 87.5 1.7 122 ll.6 

100 ppm 85.5 1.3 123 9.4 

H20 94.5 1.3 196 10.5 

WEEK 10 ppm 80 3.9 173 5.2 

50 ppm 81.5 5.2 133 16.8 

100 ppm 82.5 4.1 183 21.4 

WATER s.s 1.3 

The results are the means of four replicates of 50 seeds. 
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Table 5.7: The Effect of One Weeks Artificial Ageing, with and 

Without the Presence of Mercaptoethanol on the Fatty 

Acid Content of Tomato Seeds. 

Seed Treatment Total µg Fatty Acids/SO seeds SE 
i 

Unaged 392.86 42.8 

Week aged (HzO) 268.39 73.6 

Week aged (Mercap) 319.05 48.3 

Results are the means of between four and eight replicate 

determinations. 
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TABLE 5.8: The effect of one weeks' ageing, with and without the 

Presence of Antioxidant Mercaptoethanol, on the 

Concentration of Individual Fatty Acid Classes 

Seed Treatment Fatty Acid Mean+ SE µg/50 seeds 
l 

PALMITIC Cl6:0 

0 149.84 8.29 

Week aged (HzO) 76.29 7.91 

Week aged (Mercap) 148.35 20.35 

STEARIC Cl8:0 

0 32.71 4.16 

Week aged (HzO) 65. 18 24.23 

Week aged (Mercap) 30.30 4.29 

OLEIC Cl8:0 

0 44.85 5.51 

Week aged (HzO) 33.83 10.39 

Week aged (Mercap) 17.30 3.41 

LINOLEIC Cl8: 2 

0 145.02 19.02 

Week aged (HzO) 80.33 20.84 

Week aged (Mercap) 103.02 9.74 

LINOLENIC Cl8:3 

0 20.04 5.80 

Week aged (HzO) 12.76 10. 26 

Week aged (Mercap) 19.31 10.46 

Eac~'l result is the mean of between four and eight replica ce determinations. 
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5.4.3: Free Radical De-contaminating Activity of Superoxide 

Dismutase 

Dry seeds contain no detectable Superoxide Dismutase (SOD) 

activity. No SOD is detectable until 3 h after imbibition 

has started (Fig 5.9). Week aged, non-viable seeds contain 

no detectable SOD at all during the first 8 h of imbibition 

(Fig 5.10). Unaged seeds and seeds aged for 72 h contain 

detectable SOD between the third and eighth hour of imbibition 

(Figs 5.9 and 5.10). Low temperature pre-sowing treatment 

appears to have no significant effect on SOD levels in aged 

or unaged seeds (Figs 5.9 and 5.10) 
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5. 5 DISCUSSION 

Before considering the possible mechanisms of the membrane losses 

apparent during tomato seed ageing it is first useful to outline 

the different possible methods of fatty acid metabolism. The two 

main methods of fatty acid oxidation are c<- and f-oxidation: 

o<-oxidation is a quantitatively less important pathway than 

p-oxidation (Stumpf, 1970) and can be defined as the removal of 

one carbon at a time from the carbonyl end of the molecule. Only 

free fatty acids act as substrates. The f -oxidation pathway is 

summarised in Fig s.I1 The bulk of storage fatty acids are 

broken down by this process. The fatty acid is first "acthated" 

in a reaction requiring ATP and coenzyme A, and then by a series 

of reactions involving the sequential removal of two carbon atoms 

this "activated fatty acid" is broken down to acetyl CoA. 

Unsaturated fatty acids are oxidised by the same general pathway 

although additional enzymes are required. It is generally unknown 

what purpose 0( -oxidation serves other than to break down the 

fatty acids into such a chain length that they can undergo 

p -oxidation. 

A third possible method of oxidation for fatty acids is auto

oxidation. As was discussed in section 2.4.3:3 potyunsaturated fatty 

acids (PUFA's) are particularly susceptible to hydrogen 

abstraction resulting in a fairly stable free radical and> in 

the presence of oxygen, in the initiation of a free radical 

chain leading to a typical autoxidation reaction. The outcome 

of this type of oxidation would be a drop in levels of PUFA's 

whilst saturated fatty acids would not be affected. 
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Fatty acids can also undergo elongation reactions. Palmitic acid 

is the principle fatty acid synthesized by the fatty acid 

synthetase complex (Wakil, 1970). Fatty acids of chain lengths 

longer than palmitic are formed by the stepwise addition of 

C2 units. One Cz addition forms the C18:0 acid, stearic. 

Aerobic desaturation of stearic acid by stearyl desaturase yields 

oleic acid, Cl8:l. Further desaturation to yield linoleic acid 

and linolenic acid is then possible. These events are summarised 

in Fig 5.12. It is interesting that mammals are unable to 

desaturate oleic acid to yield linoleic acid, and so this 

essential fatty acid must be obtained from plants. Which of these 

processes, or which combination of processes is 

occurring during the ageing of seeds is a subject of some 

controversy. Some seed species; eg, peanuts (Pearce and Abdel 

Samad, 1980) showed losses of all membrane fatty acids during 

ageing with no increased losses of the unsaturated ones. 

Peroxidation losses could not explain this and the authors 

attributed their findings to the action of 'an enzyme without 

narrow specificity or many enzymes'. No mention was made of 

~ -oxidation which seems a likely cause of the losses. 

Pea seeds (Harman and Mattick, 1976) showed losses only in 

saturated fatty acids during ageing whilst levels of saturated 

ones remained the same, suggesting~ -oxidation was absent and 

peroxidation was the cause. 

The pattern of fatty acid losses in tomato seeds reported here 

presents yet a different pattern. Fatty acid losses, like PL 

losses, occur after 24 h ageing during the period of loss of 

germination capacity. The ratio of fatty acids to PL (FA:Pi) is 
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Fig 5.11 :, ~-oxidation Pathway 
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Fig 5.12 Elongation and De-Saturation Reactions of Fatty Acids 
(Adapted from Bewley and Black, 1983) 
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approximately 8, whereas the expected figures, had the fatty acids 

present been entirely due to PL would be around 5.5. This 

suggests that other polar lipids are present in these seeds, most 

likely glycolipids which have been reported in seed me:nbranes 

(Kates, 1970). Following one weeks ageing and the losses of PL's 

and fatty acids, the ratio ranains at approximately 8. Following 

LTPST of week aged seeds which result in loss of viability the 

FA:Pi ratio drops to approximately 4.6. This suggests that during 

this severe ageing regime phosphate is being depleted. 

The overall decrease in fatty acids is due to a decrease in levels 

of both Cl6 and Cl8 acids but as no evidence of Cl5 or Cl7 acids 

were found following ageing o( -oxidation can be discounted. If 

p -oxidation was the cause a similar decline in all levels of 

fatty acids would be expected whereas stearic acid levels rose. 

A possible explanation for these results is that palmitic acid may 

be being elongated by the stepewise addition of a C2 unit to form 

stearic acid which in turn could undergo desaturation reactions to 

canpensate for any peroxidation losses of the unsaturated fatty 

acids. However, these interconversions appear to be less 

effective as ageing progresses and oleic and linoleic continue to 

be lost between 24 h and one weeks ageing. This could be due to 

the inefficient function of stearyl desaturase in aged seeds. 

However, the results show no significant losses of linolenic 

acid during ageing, which is difficult to account for unless; 

a) stearic acid is undergoing desaturation to for:m linolenic 

acid or b)peroxidation is not ocurring at all. 

The effect of antioxidant protection during seed ageing is shom 

in Table 5.8. That the presence of mercaptoethanol during one 

weeks ageing almost totally prevents the loss of viability 
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apparent in unprotected seeds is strong evidence that autoxidation 

reactions are the cause of loss of viability. At the same tL'Tle, 

the fact that mercaptoethanol does not inhibit the losses of the 

Cl8:l and Cl8:2 acids during lethal periods of ageing suggests 

that the peroxidation of unsaturated fatty acids is not the 

critical cause of irreversible ageing damage of tanato seeds. 

The evidence given that non-viable seeds are unable to activate 

the free radical scavenging enzyme superoxide dis:nutase (SOD) 

during early imbibition, unlike unaged seeds certainly suggests 

that free radical accumulation and resulting oxidation damage may 

be a problem in aged seeds. It is interesting that LTPST cannot 

alter SOD levels at all. This could suggest that LTPST confers no 

increased repair capacity on aged seeds and so has no effect on 

overall germination capacity. 

It see:ns then that at least in tanato seeds, the picture of fatty 

acid loss during ageing may be more canplex than first suggested 

by the results of work on pea seeds (Harman and Mattick, 1976) 

with interconversion reactions occurring as a means of 

compensation against damage which makes the results more difficult 

to interpret. The high standard errors associated with these 

fatty acid analyses also contribute to the difficulty of their 

interpretation. 
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CHAPTER SIX: NATURAL AGEING vs ARTIFICIAL AGEING 
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Introduction 

Artificial ageing techniques are frequently used in attempts to 

elucidate the processes which occur during natural ageing of seeds 

(e.g. Bucharov and Gantcheff, 1984; Coolb'ear, Francis and Grrerson, 

1984; Francis and Coolbear, 1984) and it is generally assumed that 

these processes are similar, differing only in the speed with 

which they occur. There are few reports to substantiate this 

assumption and recent evidence (Priestly and Leopold, 1983) from 

soybean seeds suggests that as far as this species is concerned, 

artificial ageing may not mirror natural ageing and so may be of little 

use in assessing those changes occuring during long term seed 

storage. 

This chapter reports on the similarity of the effec~s of natural 

and artificial ageing on the membrane PL changes which accompany 

loss of viability in tomato seeds. 
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6.1 Methods and Materials 

6.1.1. Ageing Methods 

Tomato Seeds (lycopersicon esculentum) var. Kingley Cross were 

generously provided courtesy of A. Newell, G.C.R.r.· The crosses 

arise from GCR lines 103 and 87. With the exception of seeds 

harvested in 1968, reciprocal crosses were used. Seeds from one 

1968 harvest were reciprocal crosses, line Dl24 replacing 87. 

For natural ageing the seeds were stored in unsealed paper envelopes 

at room temperature. Artificial ageing was carried out on seeds of 

the 1984 harvest as previously described. 

6.1.2. Low Temperature Pre Sowing Treatments 

LTPST was carried out at 10°C for 21d as previously described. 

6.1.3. Germination Trials 

These were carried out in petri dishes at 20°C as previously described. 

6.1.4. Phospholipid Measurements 

Total PL and individual PL classes were measured as previously 

described in Chapter 5. At least four replicate determinations were 

made for each treatment. 
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6.2. Results 

6.2.1. Germination Data 

There was a significant decline in germination capacity during the 

natural ageing of tomato seeds over a 17 year period, from 96 (±2,41) 

percent in 1984 seeds to 9.5 (±1,89) percent in seeds harvested inl967 

( table6.l}LTPST had no significant effect on overall percentage 

germination (table 6.2). Natural ageing caused a decrease in 

germination rates (table 6.1), for example an increase in T50 from a 

mean of 103h in unaged (1984) seeds to 216h for seeds harvested in 

1972. It is clear from table 6.2 that (with one exception of the 

1972 seeds) LTPST increases the germination rate of naturally aged 

seeds. For example the T50 of 1974 seeds was reduced by over 50% 

from 155h to 53h. Why LTPST had no restorative effect on germination 

rate of 1972 seeds is unclear, but cannot be attributed to a different 

reciprocal cross (see section 6.1.1.). 

Controlled deterioration of 1984 seeds produced a loss of germination 

capacity at 72h of the ageing treatment (table 6 .1). This was in 

contrast to the Moneymaker variety in which, with the exception of one 

seed lot which lost viability after 96h, one weeks ageing was usually 

required to produce loss of viability (Coolbear, Francis and Grierson, 

1984). 

Up to 48h, controlled deterioration caused an increase in time to 

50% germination and a loss in germination percentage (table 6.1). 

LTPST reduced percentage germination during this experiment which was 

attributed to cross contamination during the LTPST period. LTPST 

caused a significant (p{0.001) increase in germination rates of these 

artificially aged seeds, e.g. a T50 of 150h in 48h aged seeds was 

restored to 60h following LTPST (tables 6.1 and 6.2). 
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NATURAL AGEING ARTIFICIAL AGEING 

T50 (h)DATE OF %G PERIOD OF %G T50 
HARVEST AGEING (h) (h) 

0 86 891984 96 103.21 
±2,41 i, l.4.'.62 

126113; 76 24 451976 62.5 
±7.27 ±5.59 

29 1501974 81.0 48155.03 
±4.12 ±16.70 

1972 49.0 216 .15 72 0 

±3.42 ±11.18 
~ 

41.5 161.59 1 WEEK1971 0 
±6,7 ±20.04 

Artificial ageing data8.01968 
are untransformed means±2,16 
calculated by analysis 

9.51967 of variance combined 
±1,89 S.E. % G i 4.0, combined 

S.E. Ti:;('\_ 4.6 

Table 6.1 The Effects of Natural and Artificial Ageing 

Treatments on the Germination Performance of 

Tomato Seeds 
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NATURAL AGEING ARTIFICIAL AGEING 

DATE OF 
HARVEST 

%G T50 
(h) 

PERIOD OF 
AGEING (h) 

%G T50 
(h) 

1984 

1976 

1974 

1972 

1971 

1968 

1967 

92 
±4,68 

52 
±2,16 

66.5 
±4.56 

54 
±2,71 

39.5 
±5,68 

10 
±1,50 

6 
±0,82 

28.75 

29.61 
±5.56 

52.88 
±12.46 

202.81 
±27.66 

38.69 
±4.18 

-

-

0 

24h 

48h 

72h 

1 WEEK 

62 

35 

30 

0 

0 

68 

60 

60 

-

-
Artificial ageing data are 
untransformed means calculatec 
by analysis .of variance, · 
combined S.E. % G ~ 4.0, with 
15 d.f, S.E. T50 ! i.6, with 
15 d.f. 

Table 6.2 Germination data of naturally and artificially 

aged tomato seeds following a subsequent low 

temperature pre sowing trea'tment 

-179-



6.~.'2.. Phospholipid Measurements 

Both natural and artificial ageing caused a progressive decrease in 

total PL levels (table 6.3). In naturally aged seeds the PL level 

fell by over fifty percent from 96 pg pi/100 fresh seeds to 32 p.g pi/100 

196~ seeds. During this period the viability dropped from 94 percent 

to 8 percent. During the artificial ageing treatment the PL level fell 

from 94 pg pi/100 unaged seeds to 42 pg pi/100 week aged seeds mainly 

due to losses of PU (identified as the major PL class present in 

Kingley Cross variety as in Moneymaker). The losses of the other 

PL classes (PI, PE and PG) did not decrease during either natural or 

artificial ageing (table 6.4). 

LTPST had no restorative effect on total lipid phosphorus in artificially 

aged seeds and in fact further decreased the losses in 72h and 1 week 

aged non-viable seeds. These are similar results to those obtained from 

Moneymaker seeds in which LTPST had no effect on total lipid phosphorus 

except to further reduce the loss following one weeks ageing and loss of 

viability. However, following natural ageing of the Kingley Cross seeds 

there was a trend for LTPST to increase total PL levels (Fig 6.1) 

(significant at p(0.05 level for 1974, 1971 and 1968 seeds) due to a 

significant (p<0.01) increase in PC (except for 1967 seeds [table 6.4] ). 
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Table 6.3 Changes in Phospholipid Content during the Natural 

and Artificial Ageing and Subsequent Low Temperature 

Pre Sowing Treatment of Tomato Seeds 

NATURALLY AGED ARTIFICIALLY AGED 

DATE OF 
HARVEST 

,-ig Pi/100 SEEDS %G PERIOD OF 
AGEING 

pg Pi/100 SEEDS %G 

1984 95.84 
±5.86 

96 0 95.84 
±5,86 

86 

1976 53.41 
±2.91 

62 24h - 45 

1974 54.33 
±6.75 

81 48h 89.99 
±4.09 

2q 

1972 44.44 
±8.38 

49 72h 59.57 
±1,69 

0 

1971 36.33 
±4.72 

42 1 WEEK 25.2 
±0,75 

0 

1968 32.29 
±2,37 

8 

1967 42.23 
±7.45 

10 

FOLLOWING LOW TEMPERATURE PRE SOWING TREATMENT 

1984 93.63 
±2,64 

92 0 93.63 
±2,64 

62 

1976 

1974 

57.98 
±5, 78 

72.36 
±6,95 

52 

66.5 

24h 

48h 

-

-

35 

3o 

1972 60 
±7,76 

54 72h 36.00 
±7.15 

0 

1971 44.81 
±3,60 

39.5 

1968 42.12 
±2,99 

10 1 WEEK 18.44 
±2,73 

0 

1967 37.34 
±3,06 

6 

Results are expressed as µg Pi/100 seeds and are the means of four 
replicate determinations. A dash indicates assay not performed. 
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Table 6.4 Changes in the concentrations of major phospholipid 

classes in the polar lipid fraction of tomato seeds 

following natural ageing and subsequent LTPST 

DATE OF 
HARVEST 

PI 

NATURALLY AGED SEEDS 

UNTREATED 

PC PE/PG PI 

TREATED 

PC PE/PG 

1967 
S.E. 

5.85 
1.6 

23.18 
1.31 

13.22 
2.61 

4.45 
0.77 

20.64 
2.22 

12.25 
1.64 

1968 
S.E. 

4.88 
2.37 

13.76 
2.12 

13.65 
3.9 

6.02 
2.63 

22.81 
2.27 

13.32 
0.69 

1971 
S.E. 

6.94 
0.64 

20.24 
1.01 

9.15 
1.21 

2.49 
0.83 

29.98 
1.63 

12.29 
0.95 

1972 
S.E. 

6.80 
1.03 

25.53 
1.29 

12.11 
0.36 

5.29 
1.22 

45.94 
4.76 

10.31 
4.5 

1974 
S,E. 

5.81 
2.95 

29.43 
3.99 

19.09 
3.06 

9.23 
2.41 

49.84 
5.46 

15.25, . 
6.12 

1976 
S.E. 

9.54 
3.13 

27.58 
2.71 

16.60 
2.79 

2.10 
0.98 

44.50 
1.36 

12.76 
2.42 

Results are expressed as }lg Pi/100 seeds and are the means of four 
replicate determinations. Identified fractions are phosphatidylcholine 
(PC), phosphatidylethanolamine and phosphatidyl glycerol (PE+ PG) and 
phosphatidyl inositol. 
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DISCUSSION 

LTPST has the same restorative effect on germination of naturally aged 

tomato seeds as it does on artificially aged ones (with the exception 

of the 1972 seeds whose T50 showed no improvement: This is hard to 

explain as the seeds were not of a different cross and had a~parently 

been stored the same as the seeds of other harvests). This suggests 

that the processes involved in increase in time to ~0% germination are 

similar in artificial and natural ageing, as both are reversible by 

LTPST. 

LTPST generally 

increased the PL levels in naturally aged seeds whilst either having 

no effect, or reducing the levels of PC once viability was lost, during 

artificial ageing of both Kingley Cross and Moneymaker varieties. That 

PC levels were increased by LTPST following natural ageing, whilst 

germination percentage remained unaltered, suggest that either the PC 

loss is not the cause of reduction of viability, or that once the 

levels have fallen below a certain level during ageing, increasing the 

levels again by LTPST does not reverse the damaging effects that incurring 

these losses had on the membranes. Di louche and Baskin 

(1970) reported that germination responses following both natural and 

artificial ageing of a variety of seed species (corn, watermelon, 

Sorghum and onion) were closely associated. One of the earliest 

comparisons between the effects of natural and artificial ageing is 

that of Koostra and Harrington (1969) who looked at the effects of both 

types of ageing on membrane lipids of Cucumis sati vus L. seed. Losses 

of total lipid phosphorous occurred during both ageing regimes but w~re 

signif'icantly greater during artif'icial ageing, both due to losses of 

PC. It is difficult to extrapolate too closely from these results as 

the artificial ageing treatment caused loss of viability whilst the 

naturally aged seeds, aged for the longest period still retained a 

viability of 70%. 
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Pearce and Abdel Samad (1980) reported on the effects of artificial 

ageing and one peri'od (3 y ) ~ t 1 · 
ears oi na ura ageing on membrane lipids 

of 
peanuts.In both samples, fatty acid . levels 

of the polar lipid fractions fell during ageing, further evidence of 

similar processes occurring. The most detailed comparison between the 

effects of natural and artificial ageing on membrane lipids (apart from 

our own on tomato seeds) is that reported by Priestly and Leopold (1979 

1983) • They reported that during an artificial ageing treatment on 

soybean seeds var. Wayne (which led to loss of germination from 98% to 

38% in 7 days), polar lipid fatty acid levels remained unchanged, with 

no decline in unsaturated fatty acids, indicating that oxidation was 

not occurring. The authors concluded that if fatty acid oxidation 

does play an important role in loss of viability during artificial 

ageing, it must occur at a level below that usually considered 

significant. They subsequently (Priestly and Leopold, 1983) reported 

on changes in membrane lipids during a natural ageing period of 44 

mo~ths (which led to a loss of viability from 98% to 86%) and showed 

that in contrast, linoleic and linolenic acid levels decreased very 

slightly during this.period. 

A comparison was also made in another variety, 

Chiprewa 64 (Priestly and Leopold, 1979, 1983). During artificial 

ageing (during which germination percentage fell from approximately 

100% to zero) PL levels decreased slightly due to losses of PC and PE 

whilst fatty acid levels (both of the total and the polar lipid 

fraction) remained unchanged with no alteration in degree of maturation 

apparent. When this variety were 'naturally' aged there was a slight 

decline in linolenic acid levels in both total lipid and polar lipid 

fractions. Tocopherol 1eves1 dJ.·a not decline during either natural 

or artificial ageing of Wayne soybeans which supports earlier reports 

(Priestly, McBride and Leopold, 1980; Fielding and Goldsworthy, 1980) 
-18'--
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that a large decline in tocopherols is not associated with natural 

ageing. Priestly and Leopold suggested that their data indicated that 

oxidative lesions may occur at sites that possess very low levels of 

this antioxidant. 

Due to the small number of replicates (one or two) used in this work, 

none of their results are statistically significant, which is unfortunate 

considering the general lack of results in this field. However, their 

data does indicate that peroxidation may be occurring in natural ageing 

but not in artificial ageing of soybean seeds. The natural ageing 

regime would have been of much more significance if it had been continued 

to produce seeds with a viability of less than 86%. As only 12% viability 

had been lost it is very likely that the changes occurring to cause this 

very small loss, may be as yet undetectable and more insight could have 

been achieved into the causes of the loss of viability had the ageing 

period been substantially longer. 

In this respect, our results on tomato seeds which used naturally 

aged seeds with a whole range of viabilities to 9%, are more 

comprehensive and indicate that in this species changes in 

phospholipids are similar in both natural and artificial ageing, 

although the effects of LTPST on PC differ. It was unfortunate that 

the numbers of seeds available did not allow fatty acid measurements 

to be undertaken, so levels of peroxidation in these naturally aged 

seeds remains undefined. The overall lack of results,and different 

findings of those that have been reported in this important field, 

highlights the need to ensure that artificial ageing events do reflect 

those occurring during natural ageing. 



CHAPTER SEVEN: DISCUSSION 



7.1: Surrmary 

This work describes the effect of controlled deterioration 

treatment on the gennination and subsequent seedling growth 

performance of tomato seeds and examines some of the physiology 

of irnpainnent of germination. One week's ageing of seeds 

(var Moneymaker} caused loss of viability, with lesser periods 

causing an increase in time to 50% germination and a decreasing 

germination percentage. A low tenperature pre-sowing treatment 

was shown to dramatically reduce the time to 50% geDnination of 

unaged seeds. This LTPST when applied before ageing protected 

the seeds fran the adverse effect on gennination rate usually 

caused by controlled deterioration. When seeds were subjected 

to LTPST following ageing their gennination rate was restored to 

at least that of unaged seeds. This novel use of a pre-sowing 

treatment with artificial ageing provides a tool for investigating 

those aspects of ageing damage which may be reversible. The 

LTPST had no effect on losses in seed viability either before 

or after the controlled deterioration treatment. 

Although there was no appreciable change in overall protein 

content, increased leakage of amino acids and reducing sugars, 

plus the electron micrographs ·suggest that increased hydrolysis 

occurs during ageing. Membrane damage may be a critical event 

in loss of germination perfonnance during ageing and as 

conductivity and other leakage measurements proved an inadequate 

indication of membrane damage, it was decided to investigate the 

biochEmistry of the membrane lipids. Phospholipid losses, 

mainly of PC, were shown to accanpany loss of viability during 

ageing. LTPST had no significant effect on the PL composition 

of viable aged and unaged seeds al though it may increase general 
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hydrolysis in non-viable seeds. Following 72 h germination of 

unaged, untreated seeds there was a significant increase in PI. 

Fatty acid analyses undertaken to investigate changes in 

saturation during ageing as an indicator of peroxidation damage 

showed decreases in palmitic and linoleic acid, and an increase 

in stearic acid accanpany ageing. LTPST caused an even more 

marked decrease in linoleic acid, and reduced the linolenic 

concentrations to zero in non-viable one week aged seeds. 

Stearic acid concentrations decreased during ageing in pre

treated seeds. 

The presence of the antioxidant rneraptoethanol prevented the loss 

of viability which usually resulted fran one week's ageing and 

some, though not all of the fatty acid changes. That anti

oxidants can prevent loss of viability is strong evidence that 

oxidation damage causes viability loss. The free radical 

scavenging enzyme SOD which was activated during the first few 

hours of irnbibition of unaged seeds was not detected at all in 

week aged non-viable seeds. LTPST had no effect on SOO levels. 

As controversy has arisen over the validity of using artificial 

ageing as a model for natural ageing (Priestly arrl Leopold, 1983) 

a comparison was made between the effects on me:nbrane physiology 

of both natural and artificial ageing. PL's were shown to 

decrease during natural ageing along with viability, mainly due 

to losses in pC as in artificially aged seeds. However, LTPST 

caused an increase in R:::: in naturally aged seeds unlike in 

artificially aged ones, where it had no effect on R:::: levels. 

7.2: Evaluations and Conclusions 

Pre-sowing treatments have been widely investigated and are aimed 
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novelty in w'Ork reported here is in the use of one such treabnent, 

subsequent to artificial ageing as a manipulative tool to 

investigate which factors are limiting seed germination. The 

ability of LTPST to restore germination performance iri 

deteriorated seeds reported here, represents a new dimension in 

seed treaG~ents of this type. Although LTPST has such a 

significant effect on germination rate, it has no effect on 

overall percentage germination, suggesting that the critical 

limiting events impairing germination rates are unrelated to those 

causing seed death. When the changes in T50 s obtained as a 

result of LTPST are plotted as a function of ageing, a linear 

correlation is apparent (Fig 3.10) which suggests events 

affecting the gennination rate may 1::>e associated with a single 
.I 

rate limiting factor.There has ~ecently been a report -of a pre-

sowing hydration treatment having a re-invigorating effect on 

aged Brussel sprout seeds(Brassica oleracE:E:.al_ 

I 

(Burgass am Powell, 1984). A priming treabnent (mcdification 

of t.,.",e methcd of Heydecker, 1975)consisting of keeping seeds on 

petri dishes on paper moistened with 35% W/1/ PEG 60"00 for S d 
C, 

at 20 C and kept moist by adding 0.5 ml 35% PEG every 2 a., 

(After treabnent the seeds i,.,ere washed with H2o followed by surface 

drying or drying seeds back to their original M/c) had no 

significant effect on overall percentage gennination. However, 

the rate of germination of both seed samples was improved. When 

seE:ds were subjected to a 'soaking' pretreabnent (Basu, 1976, 

involving soaking Ig seed samples in 25 ml H20 for 3 hat ambient 
0 

tenperature, 23 C) there was a significant effect on rate of 

germination and a snall increase in percentage germination in both 

surface dried and dried back see::ls. There have been other ref)Orts 

of pre-sowing seed treatments which involve hydration of secDs 

having a 're-invigorating' effect; eq, Buroass ;:im Pr--1,.:011 1cQ.1 
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and Kundu and Basu, (1981). The latter reported that soaking of 

carrot seeds in H20 or in dilute solutions of chemicals such as 

Sodium Thiosulphate and Disodium Phosphate for 2 h follo~ by 

drying back to the original M/C greatly redoced physiological 

deterioration during subsequent storage. Even dipping of stored 

seeds for just 2 minutes in Hz0 or solutions of chernicals, or 

hydration by moisture equilibrium with a saturated atmosphere 

for 24-48 h followed by drying back, effectively minimised loss of 

seed viability. Goldsworthy, Fielding and Dover {1982) reported 

a similar effect of 're-invigoration' of wheat seeds using what 

they termed a 'flash imbibi tion' pre-treatment. A period of 

soaking for as little as 5 minutes restored lost vigour to aged 

seeds,a stimulatory effect which was still app~rent in seeds 

stored at roan te:nperature for 18 days. The mechanism of this 

invigoration is unconfinned but it seems likely that as repair 

processes cannot take place in dehydrated seeds, the period of 

hydration may allow for these repair processes to occur. Water 

has free radical quenching properties (Ehrenberg, 1961, 

Cook, 1963, Hober and Randolph, 1967) and so any period of seed 

hydration may reduce the damage these radicals are capable of. If 

the Hz0 used for the pre-treatment contains antioxidants (such as 

the che:nicals used in the soaking pre-treatment of Kundu and 

Basu, 1981) this effect of lessening the deteriorative effects of 

free radicals would be expected to increase. Pre-sowing hydration 

treatment of 14 month old carrot seeds with H20 resulted in a 

gennination percentage of 44% (canpared to 29% in untreated 

seeds), but when H20 containing the antioxidant Sodium 

Thiosulphate was used this was increased to 51%. 

That antioxidants prevent viability loss during the artificial 
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ageing of tanato seeds (reported here) is substantial evidence 

that oxidation damage causes the viability loss. Another piece 

of evidence that is hard to explain in any other terms other 

than that free radicals resulting fran membrane lipid autoxidation 

cause loss of viability is given by. Pammenter et al (1974). 

They artificially aged Zea mays seeds with and without cathodic 

protection (this provides free electrons to react with the 

potentially damaging free radicals). With cathodic protection 

the seeds retained their viability, which without protection they 

lost. Other circumstantial evidence to support this theory came 

fran Bucharov arrl Gantcheff (1984) who found (by electron spin 

resonance (ESR) techniques, that unaged seeds contained only half 

the level of free radicals present in both artificially or 

naturally aged seeds (both with a viablity of less t.11an 10%} 

The situation regarding theories of ageing in marrmals is much 

the same as in seeds. Lipid peroxidation in membranes and its 

consequences is a widely cited culprit as the prime cause of 

ageing. When mice were given cathodic protection their average 

life span v.'as increased by 25% (Molnar, 1972) • The difficulty 

in relating animal work to that on seeds is that seeds are 

of course in a state of 'suspended animation' and the difficulty 

lies in assessing what effects of ageing occur in dry seeds, and 

which occur during rehydration. There is also in seeds the 

problem of distinguishing which ageing effects take place post 

seed 'death' and which before. Free radicals cause widespread 

membrane damage but studies (Hunter et al, McKnight et al) have 

shown mitochondrial membranes to be particularly susceptible. 

Lipid peroxidation correlates well with swelling and finally 

lysis and disintegration of the mitochondria. Of obvious 
-192-



importance to cellular damage is any damage to lysosomal membranes 

and the release of hydrolytic enzymes. Studies (Tappel, Sawant 

and Shibko, 1963) have shown however that these membranes are 

peroxidised at one third the rate of mitochondrial membranes. As 

well as the damage to membranes resulting from lipid peroxidation, 

DNA can be altered causing strand breaks and mutations (Davies, 

1983). In the same way as cross linking of proteins to proteins 

in membranes can result, cross linkage of DNA to DNA, or DNA 

to intranuclear proteins can occur. 

Most of the research in this field in seeds has concentrated on 

changes in the degree of saturation of membrane fatty acids during 

ageing. Unsaturated fatty acids are more prone to oxidation than 

more saturated ones and in a novel experiment in 1976, Harman and 

Mattick showed that unsaturated acids (linoleic and linolenic) 

decreased during pea seed deterioration whereas more highly 

saturated ones (palmitic, stearic and oleic) remained constant. 

This is good evidence of peroxidation occurring in the absence 

of ~ -oxidation. However, few workers have been able to reproduce 

these results and the picture of oxidation events during seed 

ageing ranains unclear. The results reported here for tanato 

seeds are canplex and can be interpreted in different ways. 

Although the mercaptoethanol data is strong evidence that 

peroxidation reactions in tanato seeds are an important aspect 

of ageing, the fatty acids results indicate that the losses of 

unsaturated Cl8 acids (linoleic and linolenic) are not a 

critical event in the loss of seed viability. If the free 

radical attack on PUFA's is occurring in tanato seeds a 

hypothesis that accounts for our results is that these seeds 

have a capacity for replacement of losses of unsaturated fatty 
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acids in the membrane. 

Levels of oleic (18.1), linoleic (18.2) and linolenic (18.3) acids 

after one weeks ageing with rnercaptoethanol may be near the base 

levels for these acids in viable seeds. 

It may be that the replacement pathway is via stearyl desaturase 

and would require a pool of available stearic acid. Data (in 

Fig 5.5) suggests that this acid is indeed accumulated during 

ageing and the loss of stearic acid during LTPST after ageing for 

24 h or 72 h when seeds are still viable, suggests that the 

metabolic status of stearic acid is very different frcm the ot.~er 

fatty acids present in tcxnato seeds. (Canpare Fig 5.5 with 5.4 and 

5.6 with 5.8) The loss of palrnitic acid from the :pJlar lipid 

fraction may then be due to its continued elongation to stearic 

acid as ageing damage occurs between 24 hand 168 h. Table 5.8 

demonstrates that palroitic acid is not lost and there is no 

evidence for an in~rease in stearic acid when mercaptoethanol 

is present. The presence of an antioxidant may prevent the 

peroxidative loss of PUFA's below critical levels and obivate 

the need for diversion of palmitic acid in the palmitate 

elongase, stearyl desaturase route 

Why the results re!X)rted for peas by Hannan and Mattick (1976) 

are so dissimilar to our own can only be speculated on. It may 

be that as peas contain little lipid, their lipio metabolising 

machinery may be unsophisticated ccmpared with that of tanato 

seeds with no or little facilities for repair and replace:nent. 

That LTPST caused a significant increase in PC levels in naturally 

aged seeds whilst having no effect on germination percentage 
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suggests that losses of PC may not be critical. How our results 

showing irreversible PL losses accanpany loss of viability relate 

to the FA changes are difficult to explain and could be the basis 

for much research. The LTPST had no effect on germination 

percentage probably because it cannot activate SOD during 

subsequent germination. LTPST possibly makes the effects of 

peroxidation damage even more adverse by depleting the stearic 

acid pool which may~ needed to canpensate for losses of the 

unsaturated Cl8 acids. 

7.3: Scope for Future Work 

The work reported here whilst helping to define those factors 

which l:i.mi~ tanato seed germination is also the basis for much 

future research. A priority is to look at the fatty acids of 

PL's, both total and individual, particularly PC, during ageing 

and LTPST, in addition to the total polar lipid FA·s reported 

here. Studies on levels of seed membrane glycolipids would be 

of value, as would the effects of ageing and LTPST on them. 

Another priority would be to directly measure levels of free 

radicals during ageing, using electron spin resonance (ESR) 

techniques (Conger and Randolph, 1968, Bucharov arrl Gantcheff, 

1984). By this method it would be possible to assess whether 

free radicals accumulate during the period when viability 

is lost. An assessment of fatty acid changes during imbibition 

\vOUld also be a worthwhile project to gain more insight into 

the role SOD plays in controlling free radical damage during 

seed rehydration. 
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An alternative approach would be an assay for malondialdehyde, an 

end product of PUFA autoxidation, as has been measured in soybean 

seeds (Stuart and Bewley, 1980). Measurements of levels of this 

canpound could provide valuable infonnation as to the degree of 

free radical fonnation during ageing. 

As free radicals cause cross linkage of proteins (Tappel, 1973) 

measurement of the extent of cross linkage in aged seeds would 

be a valuable indication of damage. As mitochondrial manbranes 

are particularly susceptible to peroxidation, a study of the 

mitochondrial membrane fraction during ageing would be 

particularly useful. Lipid peroxidation damage to enzymes 

has been studied in mitochondria (Tappel and Zalkin, 1959) 

using chranatographic techniques and this could usefully be 

measured in seeds. Damage to DNA caused by lipid peroxidation 

is a suggested cause of 'ageing' in rnarrmals (eg, Davies, 1983). 

To investigate this theory ins~ levels of strand breaks 

and mutations should be measured during ageing arrl their 

relation to PUFA oxidation assessed. 

It has been suggested that (eg-, Murray and Holliday, 1981) 

DNA repair systems may fail with age. Straoo breaks and 

other damage can be repaired by, for example, removing 

damaged bases and inserting new ones. It is possible that 

DNA-DNA or DNA-protein crosslinks caused by the lipid 

peroxidation may prevent DNA repair mechanis:ns from working 

because access to the nucleic acid polymers by repair enzymes 

is restricted. In these cells DNA danage would therefore 

accumulate. The relationship between all these parameters -

membrane lipid peroxidation - DNA and protein damage and repair 
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needs to be formulated. 

Many factors may limit seed perfo:rmance: this research has added 

to the bcdy of evidence which indicates that loss of membrane 

integrity is one of these factors. Many aspects of the role 

membranes play remain unresolvecl, as the biochemistry is canplex 

and to sane extent seans to differ between species. That LTPST 

improves seed germination rate is indisputable, both in aged arrl 

unaged seeds, but again the mechanism is undefined. It is 

probable that it exerts its effect by allowing sane of the 

processes of ge:rmination to be:]in whilst preventing radicle 

emergence. 
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