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ABSTRACT 

The effects of commercial storage of cabbage seeds on the germination of 

seeds and the emergence and growth of seedlings have been studied. Pro­

gressive ageing of seeds caused loss of seed vigour which resulted in poor 

emergence and growth of seedlings and the formation of abnormal seedlings. 

Loss of vigour was also observed indirectly in the controlled deterioration 

test (CD test) that speeds up the rate of ageing at controlled conditions. 

It was shown that the CD test gave the best indication of vigour loss. Low 

vigour seeds also differed from high vigour seeds in a more substantial 

loss of potassium ions during incubation in soil. Apart from seed vigour 

also soil conditions and other environmental factors influence the field 

performance that under certain atmospheric and soil conditions the best 

possible result is obtained. 

Pre-incubation of cabbage seeds in osmotic solution clearly showed that 

several aspects of seed ageing are reversible. Pretreated seeds germinated 

earlier and faster and produced more normal seedlings than untreated seeds. 

The mechanism of osmotic pretreatment was studied. It 'is unlikely that such 

treatment favours the accumulation of osmotic constituents. The leakage of 

K+ was inhibited during osmotic incubation. Loss of vigour might be related 

to membrane damage. 
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A percentage f i n a l emergence 

CD controlled deterioration 

DW dry weight 
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CHAPTER 1 

INTRODUCTION 



Cabbage 

This thesis studies several aspects of germination and vigour in seeds 

of Brassica oleracea L. Cabbage is a member of the Cruciferae family. The 

species forms a rosette of leaves surrounding a large bud or head in the 

first year and develops a flower-stalk in the second year. The shape of the 

head varies with the variety or cultivar, being either pointed, spherical 

or flattened. In general, the plant will be 20 to 30 cm tall in the first 

growing season. The leaves are moderately large, they sometimes reach a 

width of 30 cm. The shape is more or less ovate and is covered by wax at 

the surface. The colour of the outer leaves can be green, blue-green, red 

or white. The root system is extensive, fibrous, and finely branched. It 

reaches a maximum lateral spread of about 1 m before the head is formed. 

The taproot as well as many lateral roots penetrate into the soil to a 

depth of 1.5 m or more in the period of the maturation of the head. Cabbage 

plants that are used for seed production form an extremely dense root 

system that penetrates about 0.7 m into the soil. 

Cabbage flowers are positioned in racemes. The flowers are yellow with 

four sepals, four petals, six stamens, and a two carpels ovary containing 

many ovules per carpel. Bees are the usual agents for pollination. The 

fruit is a silique. The siliques contain about 12 to 20 seeds. The seeds 

are rather small, globular and smooth and line up in rows in each silique. 

The seed contains mainly lipids as reserve food. The colour of the testa is 

light brown to darker brown depending on the maturity of the seeds or the 

variety. The seed consists only of an embryo and testa. The endosperm is 

absorbed by the cotyledons during seed formation. The flower and seed de­

velopment and the cultivation methods have been described by Thompson 

(1933) and Ryder (1979), respectively. 

Cabbage is one of the most important leafy vegetables for human con­

sumption. The expanding use of cabbage is mainly due to its high nutritive 

value. In Far East Asian countries, it is commonly used either stir-fried 

or as pickles with other vegetables. In the western world, it is popularly 

used either boiled or as salad or sauerkraut. 

It is believed that cabbage is indigenous to southern Europe. At the 

present time, the wild cabbage still occurs on the coasts of the North Sea, 

the English Channel and the northern Mediterranean Sea. The plants can also 



be found along the other coasts of the British Isles (Mitchell, 1976). 

Although it is a temperate crop, it grows well under a variety of tempera­

ture conditions due to its strong adaptation potentiality. At present, it 

is popular by the growers in both temperate and tropic areas. 

In the tropics, poor emergence of cabbage seeds is often a serious 

problem. Emergence is hampered by too dry, too wet or too warm conditions, 

particularly in the season of the tropical monsoon. These extremely adverse 

conditions cause a gap in the cabbage production during the summer season 

in the humid tropics. 

Germination tests 

The essential first step in the growing of vegetables is the establish­

ment of a stand in the field or in containers. Seed germination is the very 

first stage of that process. Therefore, it is of great importance that a 

high germination level is assured. In most countries sowing-seed is sub­

jected to some form of germination test. Since germination tests need to be 

repeatable the seed analyst germinates seeds under optimal conditions. A 

minimum percentage of normal seedlings (Bekendam & Grob, 1979) is required, 

varying for different crops, before the seeds are regarded as acceptable 

for sowing. Nevertheless, there have been many reports of large differences 

in field emergence among seed lots of many crops that had all exhibited 

high and acceptable levels of germination in the standard laboratory ger­

mination test (Perry, 1972; Matthews, 1980). Most of the disappointments 

arise in less-than-optimum field conditions, for example, inadequate or 

excess moisture, low temperature, soil crusting or poorly prepared seed 

beds. Germination can fail if requirements for water, oxygen, and a suit­

able temperature are not provided. More often, however, poor emergence is 

not associated with failure to germinate, but with the failure to complete 

post-germination, pre-emergence stages of growth (Doneen & McGillivray, 

1943). Obviously, there are clear differences in the capability of highly 

germinable seed lots to establish a seedling stand at suboptimal con­

ditions. These differences are referred to as differences in seed vigour 

(Perry, 1972). Low vigour seed lots may also occur in commerce. A field 

emergence comparison at several sites of over 200 commercially available 

seed lots of small seeded vegetables including onion, carrot, lettuce and 



several Brassica crops, revealed considerable differences in the emergence 

ability of seed lots within the species tested (Matthews, 1980). The value 

of the standard laboratory germination test seems to be limited to the 

detection of those batches of seeds that have less than the acceptable 

levels of viable seeds provided that the seeds are not dormant (Mackay, 

1972). Therefore, tests capable to detect low vigour seeds are required. 
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Fig. 1.1. Pattern of seed deterioration in time of an hypothetical 
seed lot: (1) all embryo tissue stained by the reduction of tetra-
zolium chloride; (2) electrical conductivity of imbibition water 
below minimum; (3) germination time below certain minimum; (4) 
normal seedlings and (5) radicle emergence (Redrawn after Ellis 
and Roberts, 1981). 

Seed ageing 

At present it is generally accepted that ageing both before and after 

harvest is a main cause of poor vigour in commercial seeds (Ellis & 

Roberts, 1980, 1981; Matthews & Powell, 1986). Ageing in all organisms is 

the sum total of the deteriorative processes that eventually lead to death. 



For most practical purposes seeds are considered dead when in the absence 

of dormancy they fail to germinate under optimal conditions. Before the 

seeds become incapable of germination, several signs of the progressing 

ageing process appear (Fig. 1.1) (Heydecker, 1972; Roberts, 1972). The most 

obvious manifestation of ageing is a slowing down of the rate of germina­

tion (Ellis 4 Roberts, 1980). A second symptom of ageing is the production 

of smaller seedlings and an increase of the proportion of seeds producing 

abnormal seedlings (Parrish 4 Leopold, 1978). An additional feature of 

ageing seeds, seen especially in legumes with large cotyledons and in maize 

seeds, is a decline in the ability of seeds to retain solutes such as sugar 

and potassium when they are soaked in water (Powell & Matthews, 1977). Thus 

ageing in seeds involves a series of degenerative changes leading to loss 

of viability. It begins after physiological maturity when seeds are usually 

considered to be of optimum seed quality. The survival of a population of 

seeds follows the pattern typical of many organisms (Fig. 1.2) with an 

initial prolonged period when few seeds die, followed by a rapid decline in 

viability. All seeds with high laboratory germination will lie on the 

initial slow decline curve although their positions on the survival curve 

will differ depending on the degree of ageing of the lot. The rate of 

ageing is strongly influenced by the conditions of maturation before 

harvest and of storage after harvest. The time taken for half of the 

population of seeds to become incapable of germination is much shorter at a 

higher moisture content and/or temperature (Fig. 1.2 curve A) than at a 

lower moisture content and/or temperature (curve B). 
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Fig. 1.2. Survival curves of an hypothetical seed lot held at 
relatively high moisture content and/or temperature (A) and 
relatively low moisture content and/or temperature (B). (Redrawn 
after Matthews, 1985). 

Vigour tests 

The acceptance of ageing as the main cause of poor vigour has encouraged 

Ellis and Roberts (1980, 1981) to propose laboratory germination as the 

most rational measure of vigour. They argue convincingly that it is the 

difference in position along the slow initial decline of the survival curve 

that gives rise to vigour differences (Fig. 1.2). Therefore, an accurate 

estimate of the actual germination of the population would suffice. This is 

not easy to do in practice, since it requires either germination tests with 

many thousands of seeds per sample or the production of a survival curve. 

To construct such a curve seeds are stored at conditions that accelerate 

ageing. When germination is converted to probits the survival curve can be 

extrapolated to zero time which gives an accurate estimation of the start­

ing point of the seed lot, that is, of its position on the slow initial 

decline. 

Both indirect and direct vigour tests have been developed and are in 

use. Two indirect tests that are closely related to the physiological 

causes of low vigour are the electrical conductivity test and the accel-



erated ageing or controlled deterioration test. The conductivity test 

detects seed lots in which low vigour is associated with ready leakage of 

ions into imbibition water. It is mainly used in grain legumes like peas 

(Matthews & Powell, 1987), field beans (Hegarty, 1977) and Phaseolus beans 

(Powell et al., 1984, 1986). Ageing or deterioration tests speed up the 

rate of ageing in a controlled manner by holding seeds at an elevated 

temperature and moisture either in a humid atmosphere or in moisture-proof 

containers following the raising of seed moisture by partial imbibition. 

Since seed lots of different vigour are at different points along the slow 

initial decline of the survival curve (Fig. 1.2 B, 1 and 2) they come to 

lie at different points on the steep decline following rapid ageing. And 

so, differences in germination percentage that are too close to be distin­

guishable in the germination test on unaged seeds, can be separated in the 

ageing test. Other indirect tests use slow germination and slow seedling 

growth to indicate low vigour (Smith et al., 1973; Gray & Steckel, 1983). 

The cold test is an example of a direct vigour test. Seeds are exposed to 

low temperature and soil-borne micro-organisms. 

Subcellular changes with ageing 

The observation that ageing in seeds is accompanied by a decline in the 

ability of seeds to retain solutes has given rise to the suggestion that an 

early event in the deterioration process is the degradation of cellular 

membranes. Peroxidation of unsaturated fatty acids in membrane phospho­

lipids might be a significant early event in ageing. It is proposed that a 

variety of spontaneous and enzymatic oxidations, which is enhanced in the 

presence of oxygen, generates highly reactive free superoxide radicals (On-

) which attack both the unsaturated fatty acids of phospholipids and the 

membrane proteins, thereby disrupting membrane structure. However, the 

evidence that these events take place in seeds is conflicting (Osborne, 

1982). In rapidly aged pea seeds the amount of unsaturated fatty acids 

decreased (Harman 4 Mattick, 1976). In soybeans such occurred in naturally 

but not in artificially aged seeds (Priestley & Leopold, 1983). In 600-

years old lotus seeds unsaturated fatty acids were hardly changed compared 

to freshly cultivated seeds (Priestley & Posthumus, 1982). 

Villiers and Edgecumbe (1975) observed that the longevity of lettuce 



seeds is much enhanced when they are held in the fully imbibed state. In 

imbibed seeds active metabolic processes repair molecular damage that had 

developed during dry storage. Repair has also been demonstrated in partial­

ly imbibed seeds (Ibrahim & Roberts, 1983; Ward & Powell, 1983). It also 

occurred during so-called priming or osmotic pretreatments (Burgass &. 

Powell, 1984). 

Outline of the thesis 

It is the aim of this thesis to study the conditions that regulate in 

cabbage seed germination, seedling emergence and seedling growth in rela­

tion to seed vigour. Such studies are not only pertinent to improve summer 

cabbage production in tropical countries but also of basic importance to 

cabbage production in other areas. 

The experiments are performed with a collection of cabbage seeds of 

different age. In Chapter 2 it is shown that these different seed lots vary 

widely in vigour. Different aspects of low vigour are studied in germina­

tion, emergence and seedling growth. In Chapter 3 it is demonstrated that 

in cabbage seed size is not relevant to seed vigour but is an essential 

factor in the growth and vigour of the seedlings. 

Apart from seed quality, seedling emergence also depends on soil con­

ditions. Chapter 4 describes a study on the influence of soil type and the 

matric head of the soil on emergence and seedling growth in relation to 

seed vigour. 

The effects of osmotic pre-incubation are studied in the Chapters 5, 6 

and 7. In Chapter 5 it is demonstrated that osmotic treatment considerably 

improves seedling quality, particularly of low vigour seeds. In Chapter 6 

it is investigated whether the effects of osmotic pre-incubation are cor­

related to changes in the water relations of the seeds. Chapter 7 studies 

the differences in K+ leakage in seed lots of varying vigour and the 

changes that occur due to osmotic treatment. Chapter 8 presents a general 

discussion of the results. 



CHAPTER 2 

ASPECTS OF LOW VIGOUR 



Abstract 

Seeds of Brassica o leracea L. Capi ta ta group cv. Oscar t h a t had been 

commercially stored during 1 to 6 years showed almost full germination in a 

s tandard l abora tory germination t e s t at d iurnal t empera tures of 20 -

30 °C. Controlled d e t e r i o r a t i on of the seeds during 24 hours at 45 °C and 

243! seed moisture content revealed s t rong d i f fe rences in seed vigour. 

Germination and emergence experiments at con t ro l l ed condi t ions in l abo ­

ratory or phytotron and in the field showed that low vigour was associated 

with reduced r a t e of germination and emergence, reduced seedl ing fresh 

weight and increased number of abnormal seedlings. Low vigour i s one of the 

causes of low field emergence. 

Introduction 

I t was argued in the f i r s t Chapter t ha t ageing in seeds involves a 

ser ies of degenerative changes leading eventually to loss of v iab i l i ty . As 

a consequence, several symptoms are associated with ageing which col lec­

tively are referred to as loss of vigour (Heydecker, 1972; Roberts, 1972). 

These symptoms are seen among o thers in r a t e of germinat ion, seedl ing 

qua l i t y , r e s i s t ance to s t r e s s condi t ions and performance of seeds and 

seedlings in the f ield. 

In th i s Chapter several of these symptoms are studied in 5 seed lo t s of 

Brassica o leracea of d i f fe ren t age and d i f f e r ing in vigour. Germination 

w i l l be t e s ted in s tandard l abora tory germination t e s t without and with 

preceding rapid ageing (controlled deterioration). Emergence will be tested 

in controlled phytotron conditions and in the field. Besides the percentage 

germination or emergence, in a l l t e s t s a lso the qua l i ty of the s eed l ings 

will be taken into account. Finally, germination at a thermogradient plate 

wil l be tested at a range of temperatures. 

10 



Material and methods 

Seed ma t e r i a l s 

Commercial F . h yb r i d s e ed s of B r a s s i c a o l e r a c e a L. C a p i t a t a g roup cv . 

Oscar obtained from Royal S l u i s Seed Company harves ted in t h r e e d i f f e r en t 

years were used. Two seed l o t s of d i f f e r en t o r i g i n were harvested in 1984, 

one seed l o t in 1980 and two o ther l o t s were produced i n 1979 on d i f f e r en t 

l o c a t i o n s (Table 2 .1) . The s e e d s were s t o r e d a t c ommerc i a l s t o r a g e c on ­

d i t i o n s t i l l September 1984 and from then on a t 5 °C and about 30% r e l a t i v e 

humidity u n t i l use. Experiments were performed in 1984 and 1985. 

Table 2 . 1 . The 1000 seed we igh t of cabbage s e e d s h a r v e s t e d i n 
d i f f e r e n t years . 

Year of ha rves t 1000-seed weight , g 

1984-1 5.37 

1984-2 3 .51 

1980 3 .11 

1979-1 3.15 

1979-2 2.94 

L S D0 .05 = ° ' 7 0 

Standard germination t e s t 

S t anda rd g e r m i n a t i o n t e s t s were c a r r i e d ou t a c c o r d i ng t o ISTA r u l e s 

( I n t e r n a t i o n a l Seed T e s t i n g A s s o c i a t i o n , 1985) . Four r e p l i c a t e s of 100 

seeds per l o t were sown on f i l t e r paper s a t u r a t ed with tap water . The seeds 

were germinated on a Jacobsen g e r m i n a t o r a t a l t e r n a t i n g t e m p e r a t u r e s of 

20 °C and 30 °C d u r i ng 16 hou r s i n d a r k n e s s and 8 h ou r s i n w h i t e f l u o r ­

e s c e n t l i g h t ( P h i l i p s TL 4 0 / 3 3 ) , r e s p e c t i v e l y . F l u ence r a t e was 8.5 Wm . 

The seeds were considered to be germinated when the r a d i c l e became v i s i b l e 

t o t h e naked e ye , s e e d l i n g s were e v a l u a t e d a s no rmal o r abnormal on t h e 

b a s i s of ISTA r u l e s (Bekendam & Grob, 1979). 

11 



Thermogradient plate test 

On a thermogradient plate ranging from 10 * to 34 "C a randomized com­

plete block design with 3 replications was carried out. The thermogradient 

plate was covered with 9 rows each of 9 filter papers (0 9 cm). The tem­

perature differed 3 °C between adjacent rows. On each water saturated 

filter paper 50 seeds were sown. Each paper was covered with a bell jar. 

During the first seven days of the test the germinated seeds were counted 

twice a day. The results of germination counts made on successive days were 

plotted as percentage germination against the temperature at the center 

point of the filter paper. 

Controlled deterioration test 

The vigour of different seed lots was determined by means of the CD 

test (Matthews, 1980). The moisture content of the seeds was determined in 

3 replications on seed samples of 5 g by means of the oven method (103 "C 

for 17 hours). Of another 20 gram of each seed lot the seed moisture 

content was raised to 24% on a wet weight basis by adding an appropriate 

amount of water to the seeds within plastic bottles. Immediately afterwards 

the plastic bottles were closed and slowly rotated for at least 2 hours at 

20 °C and then stored for 2 days at 10 °C to reach moisture equilibrium. At 

the end of the treatment the final seed moisture content was determined. In 

general the moisture content of the seeds differed less than 0.5% after 

equilibration. For the CD treatment proper, half of the equilibrated seeds 

was packed in aluminium foil and immersed in a water bath at 45 °C for 24 

hours. The other half was kept overnight in an incubator at 5 °C. Follow­

ing both treatments a standard germination test was carried out. 

Phytotron test 

Emergence and seedling vitality of the cabbage seed lots were tested in 

a phytotron at constant 9 °, 13 ', 17 ', 21 • or 25 'C. A split block 

design with 4 replications was conducted. Fifty seeds were sown each in a 

container filled with peat in the lower part and a layer of 3 cm of river 

sand in the upper part. The seeds were covered with a sandy layer of 

12 



0.4 cm. During the germination period the soil was kept moist by means of a 

regular water spray. The seedlings were illuminated by high pressure sodium 

+ mercury lamps (Philips, SON/T 250W E40, 400W E40; HPI/T 250W E40, 400W 

E40) during 8 hours per day, the light intensity at seedling level being 

approx. 35 Wm" . The seedlings were considered to be emerged when the 

cotyledons reached a horizontal position. At the 19th day after half-

maximal seedling emergence the seedlings were classified according to 

fresh weight per plant as "strong" (>0.5 g), "medium" (0.25-0.5 g) or 

"weak" (<0.25 g). 

Field test 

Field experiments were conducted on the experimental field of the De­

partment of Horticulture. The 5 seed lots were sown in the field on 4 

sowing dates (7 June, 11 July, 16 August and 25 September, 1985) in a 

randomized complete block design with 4 replications of 200 seeds per seed 

lot. The seedlings were considered to be emerged when the cotyledons were 

raised above the soil. The final percentages of emerged seedlings were re­

corded. Nineteen days after half-maximal seedling emergence the seedlings 

were classified according to the same criteria as in the phytotron test. 

13 



Results 

Standard germination test 

Seeds of a l l 5 seed l o t s showed h igh ge rm ina t ion percentages i n the 

standard germinat ion t e s t (F ig . 2.1). The 1984-1 , 1984-2 and 1980 seeds 

produced high percentages of normal seedlings, 81, 95 and 825S, respect ive­

l y . A lower percentage of 49S was found i n the two 1979 seed l o t s . 

1984-1 1984-2 1980 1979-1 

Seed lot 
1979-2 

F i g . 2 . 1 . Percentages germinat ion (upper l i n e of bars) of seeds 
of 5 l o t s i n the standard laboratory germination test at a l t e r ­
nating temperatures 20 °C - 30 °C. Seedlings were c lass i f i ed as 
normal (%>) or abnormal ( \ v ) . S ing le v e r t i c a l bars i n d i c a t e 
standard deviations >3 %. 

14 
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( • ) , 1980 ( o ) , 1979-1 (A ) and 1979-2 ( A ) a t t emperatures 
ranging from 10 ° to 35 °C. 

Germination at the thermogradient plate 

The experiment on the thermogradient bar showed that the final germina­

t ion percentage of a l l seed l o t s was high between 16 "C and 31 °C (Fig. 

2.2). At temperatures below 16 'C the germination of the 1984 seeds 

dropped s l ight ly slower than of the 1979 seeds. 

The germination r a t e , as seen in the r e c ip roca l value of the t ime for 

half-maximal germination (Fig. 2.3) discriminated bet ter between the seed 

l o t s . Both 1979 seed l o t s germinated slower than the younger seeds , the 

1980 seeds were intermediate between the 1979 and 1984 seed l o t s . 

15 
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F ig. 2.3. The r e l a t i o n between the r e c i p r o c a l value of the t ime 
fo r half-maximal germination and temperature fo r each l o t 1984-1 
( O ), 1984-2 ( • ) , 1980 ( a ) , 1979-1 ( A ) and 1979-2 ( A ). 

CD t e s t 

The percentages germination i n the standard test of control seeds that 

a f ter moisture equ i l ib ra t ion had been stored at 5 "C, were rather s im i l a r 

t o those of seeds t ha t were sown d i r e c t l y i n t ha t t e s t (compare F ig . 2.4 

w i th Fig. 2.1). However, the CD treatment (45 °C) strongly reduced germina­

t i o n . I t d i s c r i m i n a t e d c l e a r l y between the seed l o t s . Only the 1984 seed 

l o t s s t i l l showed h igh germinat ion and a reasonable h igh percentage of 

normal seedlings, the 1984-2 seeds scored better than the 1984-1 seeds. 
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1984-1 1984-2 1980 1979-1 1979-2 

Seed lot 

F i g . 2.4. Percentages germination (upper l i n e of bars) of seeds of 
5 l o t s at the standard l abo ra to ry germina t ion t e s t . Mois ture 
content of the seeds was e q u i l i b r a t e d at 24% on f r esh weight 
basis. Seeds were stored fo r 24 hours at e i ther 5 °C ( l e f t bar of 
each l o t ) or 45 °C ( r i g h t bar ) . Seedl ings were c l a s s i f i e d as 
normal {?///,, £>88) or abnormal (X*X>CZH) . S ing le v e r t i c a l bars 
indicate standard deviations >3%. 

Emergence and seedling v i t a l i t y at phytotron conditions 

The inf luence of temperature was also tested on seedling emergence from 

s o i l at contro l led conditions i n the phytotron. In contrast to the exper i ­

ment on the thermogradient p l a t e , i n the phy to t ron seeds of a l l 5 l o t s 

emerged f o r 80% or more i n the range of 9 ° t o 25 "C (data not shown). But 

again the r e c i p r o c a l of the t ime f o r ha l f -max ima l seed l ing emergence 

revealed dif ferences between the seed l o t s (Fig. 2.5). Clearly the germina­

t i on rate of the oldest seed l o t s was lower than that of the younger ones. 

Nineteen days a f ter half-maximal seedling emergence, only the seeds of the 

1984 and 1980 l o t s had produced seedl ings w i t h a mean f r esh weight above 

0.25 g p l a n t - 1 and such only occurred at temperatures between 17 " to 25 °C 

(F ig . 2.6). 
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F i g . 2.5. The r e l a t i o n between the r e c i p r o c a l value of the t ime 
f o r ha l f -max ima l emergence and temperature f o r seed l o t 1984-1 
( o ) , 1984-2 ( • ) , 1980 (a), 1979-1 ( A ) and 1979-2 ( A ) at 5 
temperatures i n the phytotron. 
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Fig. 2.6. The relation between the mean fresh-weight of seedlings 
and the temperature in the phytotron for seed lot 1984-1 ( o ) , 
1984-2 (• ), 1980 ( D ), 1979-1 ( A ) and 1979-2 ( A ) at the 19th 
day after half-maximal seedling emergence. Seedlings were clas­
sified as strong (S), medium (M) and weak (W) according to fresh 
weight. LSDQ Qr for the effect of temperature and seed lot is 
indicated by the vertical bars 1 and 2, respectively. 

Emergence and seedling vitality at field conditions 

Mean emergence of the 5 lots at all sowing dates in the field varied 

from 13 to 62% and it ranged from 6 to 73% at the 4 different sowing dates 

(Fig. 2.7). A low number of seedlings emerged in July, apparently due to 

the formation of a soil crust caused by water spraying during a dry weather 

period. The 1984 lots produced at all occasions the highest percentage 

emergence, whereas the 1980 and 1979 seed lots showed very low percentages 

of emergence. 
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Fig. 2.7. The re la t ion between seedling emergence and sowing date 
f o r seed l o t 1984-1 ( O ), 1984-2 ( • ), 1980 ( D ), 1979-1 ( A ) and 
1979-2 ( A ) at f i e l d condit ions. LSDgnj fo r sowing date and seed 
l o t i s indicated by the ve r t i ca l bars I and 2, respect ively. 

The fresh weight of seedlings at the 19th day a f ter half-maximal seed­

l i n g emergence a lso showed a l a rge v a r i a t i o n among seed l o t s and sowing 

dates (F ig . 2.8). Average f r esh weight per seed l ing of the 5 seed l o t s 

ranged from 0.09 g to 1.60 g at the 4 d i f fe ren t sowing dates. The 1984 seed 

l o t s produced stronger seedlings than the older seed l o t s . When the sowing 

occurred i n l a te September, small seedlings developed from a l l seed l o t s . 
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F i g . 2 .8 . The r e l a t i o n between mean f r e s h we ight o f seed l i ngs and 
s o w i n g d a t e f o r seed l o t 1 9 8 4 - 1 ( o ) , 1984 -2 ( • ) , 1980 ( D ) , 
1 9 7 9 - 1 ( A ) and 1979-2 ( A ) a t t h e 1 9 t h day a f t e r h a l f - m a x i m a l 
s e e d l i n g emergence i n t h e f i e l d . S e e d l i n g s were c l a s s i f i e d as 
s t r o n g ( S ) , medium (M) o r weak (W) a c c o r d i n g t o f r e s h w e i g h t . 
LSDQ ge f o r sowing date and seed l o t i s i n d i c a t e d by t he v e r t i c a l 
b a r s ! and 2 , r e s p e c t i v e l y . 
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Discussion 

The data presented in this Chapter demonstrate that also in cabbage seed 

lots that showed good germination, nevertheless may strongly differ in 

vigour. The first indication for the lower vigour of the 1979 seed lots was 

the low percentage of normal seedlings (Fig. 2.1). 

The CD test (Fig. 2.4) also revealed strong differences in the physiolo­

gical age of the seeds. Obviously the 1979 and 1980 seeds were much closer 

to the steep decline of the survival curve (Fig. 1.2) than the 1984 seed 

lots. Similar indications of a vigour difference between the 1984 and 1979 

seed lots can be concluded from the rate of germination at different tem­

peratures both at laboratory and phytotron conditions (Fig. 2.3 and 2.5), 

the percentage of seedling emergence in the field (Fig. 2.7) and the seed­

ling quality after standard laboratory germination (Fig. 2.1), emergence in 

the phytotron (Fig. 2.6) and in the field (Fig. 2.8). 

The 1980 seed lot reacted in the CD test in a similar way as the 1979 

seed (Fig. 2.4), but in the other tests it took an intermediate position. 

The CD test seemed to underestimate the seed vigour slightly. 

The difference in physiological age that is indicated by the different 

tests, roughly correlates with the real age of the seeds. However, the 

correlation is not linear. Thus, apart from the period of commercial 

storage that was 7, 6 and 1 year for the 1979, 1980 and 1984 seeds, re­

spectively, also differences in preharvest conditions and production site 

influenced ageing of the cabbage seeds. The effect of site is also in­

dicated by the differences within the two 1984 and the two 1979 seed lots 

that were each produced at different locations. The differences between the 

1984 seed lots are not always similar, for instance the 1984-2 seed lot 

produced more seedlings but of a lower fresh weight than the 1984-1 seeds 

(Figs. 2.7, 2.8). The difference in fresh weight between the 1984-1 seed­

lings corresponds with the difference in seed weight (Table 2.1). 

The present experiments also showed that apart from seed characteristics 

the actual ambient conditions strongly influenced emergence and seedling 

quality. Temperature is a prominent factor. Lowering of temperature reduced 

the rate of laboratory germination (Fig. 2.3) and the rate of emergence 

(Fig. 2.5) and the fresh weight of seedlings in the phytotron test. Lower 

temperatures were probably also the reason for reduced seedling growth in 
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the field in early June (Fig. 2.8). In July field emergence was probably 

reduced by crust formation at the soil surface. Chapter 4 will deal with 

the influence of the matric head of the soil on emergence and seedling 

quality. In late September, both temperature and day length were unfavour­

able for seedling growth. 

In conclusion, the present data show that viable and almost fully ger­

minating seeds may strongly differ in vigour. Aspects of low vigour that 

have been shown in this Chapter are reduced rate of germination, lower 

seedling fresh-weight, and an increasing number of abnormal seedlings. Low 

vigour is one of the causes of poor field performance. 
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CHAPTER 3 

EFFECT OF SEED SIZE ON GERMINATION AND VIGOUR 
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Abstract 

The effects of seed size of cabbage seeds (Brassica oleracea L. Capitata 

group cv. Oscar) on germination, emergence, seedl ing growth and the sen­

s i t i v i t y to rapid ageing were s tudied. Seeds of a 1984 l o t showing high 

vigour were separated into 3 fractions, unsorted seeds served as control. 

Seed size had no effect on germination and percentage normal seedlings in 

the standard laboratory germination t e s t . I t did also not affect the f inal 

percentage emergence at temperatures ranging from 9 ° to 25 °C at phytotron 

conditions, nor the rate of emergence. However, seedling fresh-weight was 

c losely r e l a t ed to seed s i z e , the l a rge r the seed, the b e t t e r s eed l ing 

growth. Thus, seed s i ze influenced seedl ing growth i r r e s p e c t i v e of the 

physiological age of the seeds. 

Introduction 

Seed size i s one of the most obvious physical parameters of seeds, and 

therefore i s often used as.a parameter of seed q ua l i t y . Effects of seed 

size on various aspects of seed germination and seedling emergence and on 

growth and final yield of many vegetable crops have been documented. Ger­

mination of tomato and pimento seeds and seedling emergence of carrot seeds 

in the f i e ld were co r r e l a t ed po s i t i v e ly with seed s i z e (Cochran, 1974; 

Jacobsohn and Globerson, 1980). In onion, seed weight and emergence were 

not r e l a t ed , however (Bedford and Mackay, 1973). In vegetable crops such 

as , e.g., radish (Kubka e t a l . , 1974), l e t t u c e (Scaife and Jones, 1970), 

broccoli (Tompkins, 1966) and cucumber (Smittle and Williamson, 1978) seed 

s ize and seed weight co r re l a t ed po s i t i v e ly with seedl ing s i z e and crop 

yield. 

In t h i s Chapter, the e f f ec t s of seed s i z e on germinat ion, emergence, 

seedling growth and the sensi t ivi ty to rapid ageing of white cabbage seeds 

are i nves t iga ted . Seeds of a seed l o t t h a t showed high vigour in the 

previous experiments (Chapter 2) were calibrated into different s izes and 

tested in the standard laboratory germination t es t as well as in the con­

trol led deterioration tes t and were planted in the phytotron at tempera­

tures ranging from 9 ° to 25 °C. 
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Material and methods 

Two seed lots of hybrid cabbage seeds (Brassica oleracea L. Capitata 

group cv. Oscar) harvested in 1984 were used. The results of both seed lots 

were similar. Only the results of seed lot 1984-1 are presented. The seeds 

were separated at the Government Seed Testing Station, Wageningen by means 

of round sieves into different seed fractions: <2.0, 2.0 - 2.2 and >2.2 0 

mm. The unsorted seeds served as control. Experiments were performed in 

1985. The conditions of the standard laboratory germination test, the 

controlled deterioration test, and the emergence and seedling growth in the 

phytotron were described in Chapter 2. 

Table 3.1. Distribution according to size and weight of cabbage 
seeds from seed lot 1984-1. 

Fractions (0 mm) distributions {%) 1000-seed weight (g) 

Unsorted 

<2.0 

2.0 - 2.2 

>2.2 

16 

30 

54 

5.37 b 

3.66 d 

4.90 c 

6.26 a 

D i f f e r e n t l e t t e r s demonstrate s i g n i f i c a n t d i f f e r e n c e s , p = 0.05 
(Duncan's Mu l t ip le Range Test) . 

Results 

The weight of the different seed-size fractions and their relative dis­

tribution in the seed lot are presented in Table 3.1. 

In the standard laboratory germination test at diurnal temperatures of 

20 * - 30 °C seeds of all fractions and the unsorted controls germinated to 

a similar high percentage and produced a similar percentage of normal 

seedlings (Fig. 3.1A). Seed size also hardly influenced the reaction of the 

seeds to a controlled deterioration treatment of 24 hours at 45 "C at a 

seed moisture content of 24!S (Fig. 3.1C). Both the percentages germination 

and normal seedlings were reduced in a nearly similar way. The control 

treatment at 5 * instead of 45 °C did not differ from the untreated control 

(Fig. 3.IB). 
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Fig. 3 . 1 . Percentages germinat ion (upper l i n e s of bars) o f seeds 
of the 1984-1 seed l o t i n the standard laboratory germination tes t 
at a l t e r n a t i n g d i u rna l temperatures of 20 ° - 30 °C. Seeds were 
e i ther unsorted (1) or sorted i n sizes w i th a diameter of <2.0 mm 
(2) , 2.0 - 2.2 mm (3) and >2.2 mm (4). Seedl ings were c l a s s i f i e d 
as normal (%<) or abnormal (v!)« Seeds were e i t h e r sown d i r e c t l y 
(A) or a f ter equ i l ib ra t ion of the moisture content of the seeds to 
24% on f resh weight bas is . Those seeds were s to red f o r 24 hours 
at e i t h e r 5 °C (B) or 45 °C (C) before sowing. S ing le v e r t i c a l 
bars indicate standard deviations >3%. 

Seeds were also planted i n the phytotron at temperatures ranging from 

9 ° to 25 "C. I n accordance w i t h the r e s u l t s presented i n Chapter 2 t he 

temperature influenced the rate of emergence (Fig. 3.3) but d id not a f fec t 

the f i n a l percentage emergence (F ig . 3.2A). For both parameters the d i f ­

ferent seed size f ract ions and the unsorted contro l showed a s im i l a r r e ­

sponse. An e f f e c t of seed s ize was seen, however, i n the f r esh weight o f 

the seedlings at the 19th day a f ter half-maximal seedling emergence (Fig. 

3.2B). I t i s seen t ha t the s t i m u l a t i n g e f f e c t of r i s i n g temperature on 

seedling growth i s strongly influenced by seed s ize, the larger the seeds, 

the heavier the f resh weight of the seed l ing . The unsorted seed l o t had a 

posi t ion i n accordance wi th the mean seed size and seed weight. 
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Fig. 3.2. The relation between temperature in the phytotron and 
the final percentage emergence (A) and seedling fresh weight at 
the 19th day after half-maximal seedling emergence (B) of seeds of 
the 1984-1 seed lot. Seeds were either unsorted (o ) or sorted in 
sizes with a diameter of <2.0 mm ( • ), 2.0 - 2.2 mm ( A ) or >2.2 
mm ( A ) . Seedlings were classified as strong (S), medium (M) or 
weak (W) according to fresh weight. LSDn#05 for the effect of seed 
fraction and temperature is indicated by the vertical bars 1 and 
2, respectively. 
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F i g . 3 .3 . The r e l a t i o n be tween t h e t e m p e r a t u r e i n t h e p h y t o t r o n 
and the r e c i p r o c a l o f t he t i m e f o r h a l f - m a x i m a l emergence. Seeds 
were e i t h e r u n s o r t e d ( o ) o r s o r t e d i n s i z e s w i t h a d i a m e t e r o f 
<2.0 mm ( • ) , 2.0 - 2.2 mm ( A ) o r >2.2 mm ( A ) . 
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Discussion 

In cabbage, seed size and seed weight vary widely both within one seed 

lot (Table 3.1) and between seed lots harvested in different years and at 

different locations (See Chapter 2, Table 2.1). 

The present data indicate that in commercial seed lot cabbage seed size 

is not a relevant factor in seed vigour. Seeds of the 1984-1 seed lot, 

separated into different fractions, reacted almost similarly to controlled 

deterioration (Fig. 3.1C). The same experiment was also performed with the 

1984-2 seed lot. The data (not presented) fully supported this conclusion. 

The lack of correlation between seed size and seed vigour is also seen when 

1984-1 and 1984-2 seeds are compared. Seeds of the 1984-2 lot have a lower 

seed weight (Table 2.1) and smaller seed size than the 1984-1 seeds. Never­

theless, the 1984-2 seeds germinated better after CD treatment than the 

1984-1 seeds (Fig. 2.4). Thus, factors not related to seed size determine 

seed vigour in cabbage. 

Seed size clearly affected seedling growth. Smaller seeds produced in 

the phytotron at all temperatures smaller seedlings than larger seeds 

(Fig. 3.2B). Again similar conclusions were reached with 1984-2 seeds (data 

not shown). In general, larger seedlings are more vigorous and have a 

better chance to survive in the field. Thus, seed size correlates positive­

ly with seedling vigour. 

This conclusion is in good agreement with the studies of Smith et al. 

(1973) and Cochran (1974) on lettuce and pimento seeds. 

It has to be remembered that seed vigour also influences seedling growth 

(Chapter 2). Seeds of nearly similar weight and size (1984-2, 1980, 1979-1) 

but of different vigour (Fig. 2.4) produced seedlings that strongly dif­

fered in fresh weight (Fig. 2.8). 

That heavier seedlings grow from larger seeds is most obviously due to a 

larger embryo with more abundant reserve food and larger dimensions of the 

cotyledons. Such conditions favoured in soybean a more intensive process of 

photosynthesis and better growth (Burries et al. 1971; Carleton and Cooper, 

1972). 

The seed size and seed weight vary widely between the species of the 

Cruciferae, ranging from 3.6 mg seed-1 in Sinapsis alba to 0.06 mg seed"1 
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