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i.

Comparative studies on the breeding systems of some species of the

genus Benacio.

ABSTRACT

The aim of this study has been to investigate the breeding systems of

six species of Senecio in terms of their floral biology and ability to

set selfed seed, and to compare the performances of salfed and

outcrossed progeny. By these means it was hoped that some insights

could be gained into the different reproductive strategies which the

species have adopted, and also allow some conclusions to be drawn with

regard to the short term effects of selfing and outcrossing in these

species.

A study was made of the capitula siae and pollen yield per arther

for each species, and a distinct correlation was found to exist

between the degree of conspicuousnass of the capitulusa, pollen yield

and facility to self-fertilise. The readily self-fertilised species

have relatively small, inconspicuous capitula and low pollen counts.

Incomplete data for chiasma frequencies also indicate that chiasaia

frequency is also correlated with the breeding system such that the

apparently outbreeding species have low chiasms frequencies compared

with the selfing species.

Glasshouse populations of the six 3enecio species were used in

experimental cross- and self-pollinations in which an emasculation

teenhique for whole capitula was employed, and the seed set resulting

from these experiments were compared. In addition, seed set in

capitula which were left untreated, and for one species, capitiila which

had been simply rubbed pollinated were also compared. It was found

that although all six species are 3elf-coapatible, they differ in their

ability to set self—seed both as a result of experimental
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self-pollinations and when left untreated.

A comparison was made of selfed and outcrossed progeny for

all species. Sample plants were grown under uniform conditions in

the illuminated, experimental glasshouse and were scored for a number

of characters such as plant height, leaf size, time to onset of

flowering , seed production and dry weight. With the exception of

one species, such comparisons did not reveal any marked differences

between selfed and outcrossed progeny, and particularly notable were

the lack of hybrid vigour effects in the outcrossed progeny of the

apparently inbreeding species, and the overall tendency for the

selfed progeny to be more variable than the outcrossed progeny. In

the exceptional species, 3. aetnenais. data for earlier onset of

flowering in the outcrossod progeny and some malformed capitula

produced by the selfed progeny suggests that in this species the P^
outorossed progeny have a superiority in terms of vigour.

A comparison was mad® of SV, selfed and outcrossed progeny in

the species 5. soualidus and it was found that both in glasshouse

populations and a field trial population the outcrossed progeny

showed a superior vigour in such characters as dry weight, branch

size and number of c&pitula par plant.

An attempt has been made to interpret the results of these

experiments with the six Seneoio species against current ideas on

hybrid vigour and the maintenance of heterozygosity in predominantly

inbreeding species. It is suggested that the consecuances of selfing

vs. outcrossing are likely to be different in species which are

either predominantly outcrossing or predominantly inbreeding. In

the latter case, there ia support in the literature for the view that

"hybrid vigour" in the outcrossed progeny is not a general phenomenon.

A critical view is taken of the theory that heterozygosity is

maintained in predominantly self-fertilising species by means of the
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superior vigour and fertility shown by the plants which arise as a

result of occasional outcrosses in such populations. It is argued

that the maintenance of heterozygosity in inbreeding species is likely

to have more complex causes which are in need of further investigation.
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INTRODUCTIOIJ

1.

Whitehouse (1959) ^as pointed, out that Darwin's book Tho effects

of Cross- and delf-fertiligation in the Vegetable Kingdom (1870) was a

landmark in the study of the biology of flowering plants. In this

'work, Darwin carried out many experiments on the ability of plant

species to self— and cross—fertilise, following up many of his

studies for up to ten generations. He was able to demonstrate that

very often there was a striking contrast in the vegetative vigour and

fertility between selfed and crossed lineages, such that there was a

marked superiority in terms of plant height, weight or fertility in

the progeny derived from cross—fertilisation compared with those from

self-fertilisation.

Darwin's findings were of importance for two main reasons.

Firstly they gave a stimulus to studies on floral biology since it

was possible to understand many floral structures in terms of the

promotion of cross—pollination and hence cross—fertilisation.

Secondly, although Darwin was not able to fully appreciate it at the

time, his experimental findings help to emphasise the importance of

sexual reproduction and cross-fertilisation as a part of the process

of evolution.

'.Jhitehouse (loc. cit.) has also noted that Darwin was unable to

offer any explanation as to why it should be beneficial to the progeny

that they were produced as a consequence of cross-fertilisation, and

he also points out that only with the discovery of the mendelian

inheritance did the advantage of cross-fertilisation over self-

fertilisation become apparent, in that cross—fertilisation allows new

combinations of genes to arise and so increases the amount of

hereditary variability in the population. In this way, populations

of a croea-fertilising species are likely to be more variable
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(genetically more heterozygous) and so, although they will certainly

produce soma gene combinations which are mors poorly adapted to the

environment, they will also be likely to produce some gene combinations

which are better adapted to the environment, or at least allow the

population to cope more efficiently with a fluctuating environment and

perhaps exploit new environments. However, although it is clear how

by such means cross-fertilisation can give a long term advantage it is

by no means obvious how the progeny of cross—fertilisation in any one

generation are likely to be superior to those derived from self-

fertilisation. Selection will act upon plants generation by

generation, and the plant species cannot "know" that cross-fertilisation

will prove beneficial for the long term evolution of the taxa. In

order to understand the immediate selective advantages of cross- as

opposed to self—fertilisation it is necessary to resort to explanations

based on the phenomenon of *hybrid vigour* or the relative loss of

fertility following selfing due to 'inbreeding depression*,

As a result of his studies Darwin cause to the conclusion that

cross—fertilisation within plant species was the normal situation,

although he realized that some species could self-fertilise, and he

was also aware of the phenomenon of cleistogaray. It is now appreciated

that many plant species can very efficiently self—fertilise, and many

taxa appear to be regularly autogamous. Baker (1955)» Stebbins (1957)
and Solbrig (1970) have drawn attention to some of the possible

situations in which self-fertilisation can be at a selective advantage

principally in terms of long-distance dispersal and establishment

(•Baker's rule") and the ability to build up large populations from a

single invader in weedy species ("Stebbins* corollary").
Baker (19^5) has demonstrated how when a species evolves towards

successful autogamy the various components of the reproductive biology

of the species, such as flower size, time taken to flower etc. also



3.

adapt. It is now generally recognized that many weedy species

exploiting man-made environments are successful self—fertilising taxa,

making uae of the principle of genetic ♦fitness* and clo3e adaptation

to a particular environment, rather than genetic *flexihility* and

adaption to changing environments (of. Mather 1943)« Stebbins (1957

& 195°) baa pointed out that such regularly self—fertilising species

are almoox invariably terminal or advanced taxa, and he has

emphasised that self—fertilisation, like apomixis, should probably be

regarded as an evolutionary "dead-end". On this view, although

autogamy can provide temporary success, the lack of genetic

heterozygosity in self-fertilising apeoies will diminish their chances

of long term evolutionary survival. Stebbina has noted that there

do not see® to be any examples where self-fertilising taxa have given

rise to new lines of evolution by adaptive radiation.

More recently, several authors, e.g. Allard (19^5), Allard &

Hansche (19^5)i Jain St Marshall (19^7) have produced data which

questions the extent to which regularly self—fertilising species do

become effectively homozygous. The maintenance of variability in

these cases stems from the fact that regularly selfing species are

only facultatively autogamous. The work by these and other authors

with taxa such as wheat, barley, lima bean and Avena species suggests

that even where very low levels of outcrossing occur in predominantly

selfing species, the hybrid superiority of the outcrossed progeny can

maintain a high degree of heterozygosity within the population.

Thus, Allard & Hansche (196.5) have calculated the amount of hetero¬

zygosity which could exi3t in populations of inbreedera which have a

5& level of occasional outcrocsing, and for which different values of

hybrid superiority are projected. With a mean fitness of s » 0.6

for homozygotes compared with s a 1 for the heterozygosis these authors

calculate that the population could attain 80,£ of the heterozygosity
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which could be achieved in a totally outbreeding population.

The aim of the present study has been to investigate the breeding

systems of a number of speciesMenecio in terms of their floral

biology and ability to aet selfed seed, and to compare the performances

of selfed and outcroased progeny. It was hoped that these kinds of

studies on a small selection of related species (albeit members of an

enormous genual) might allow some comparisons to be mad® on the

different reproductive strategies which the species have adopted, and

also allow soma conclusions to be drawn with regard to the short term

effeots of selfing and outcrossing in these species.
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MATERIALS AND METHODS

Seods^ of th® following species of Senecio were obtained via the

Botanic Gardens seed exchange listst

Seneoio aei ensis Jan.

2
Senecio joppensis Din_sa.

Senecio lividus L.

Genecio squalidus L.

Seneoio sylvaticus L.

Senecio viscosus L.

Seneoio vulgaris L.

All seeds were of spontaneous origin i.e. from natural

localities. Beads were sown in John Innes aeed-coatp st, the

seedlings pricked out and grown on in 3 inch and subsequently 7 inch

pots in John Innes potting compost, and maintained in the experimental

glasshouse under a 16 hour light regime. At flowering stag© plants

were watered weekly with a balanced liquid fertilizer.

although it is appreciated that the fruit of the Compoeitae is

strictly an achen®, for convenience, the term ♦seeds* has been

used irroughout.

Plants of 3. .ioppensio did not come into flower until late

summer 1972, and seedlings derived from controlled pollinations

with thi3 species suffered severe mildew losses. As a

consequence, the data for this species is very incomplete and

it is treated separately in Appendix I.
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I. CCHTR0LL2D POLLIRATIGNS

As each species came into flower, the following studies were

carried cut:

(a) Hhole capitula were emasculated by removing the apical 1 ma

or so, using the technique descril ;d by Qibbs (1971)- The emasculation

technique was found to be easier to apply to some species than others

but, nevertheless, it was used successfully for all the species under

study.

(b) Some emasculated capitula were bagged and. set aside as

controls. Others were salf-pollinated, i.e. with pollen of the same

plant, whilst a third group of capitula were cross—pollinated with

pollen from capitula of other plants. In moat cases oapitula were

bagged after pollination.

(c) Seeding capitula ere harvested into individual seed bag®

and scored for total seed set. Seeding heads from untreated capitula

were also harvested arid counted for comparison.

II. COMPARATIVE STUDIES 01! SSLPSD AEG) GOTCROSSED PLADTS

Por each species, all of the seeds from a selection of selfed-

and outcrossed capitula were sown, and seedling plants subsequently

grown on in th© experimental glasshouse under identical conditions.

An attempt was made to assess and compare the growth of eelfed—

and outcrossad plants by scoring them for same of th© following

characters:

1. Length of lowest branch.

2. Length and breadth of the leaf at the 8th node and 16th nodes.

3. Lumber of lobes of the leaf at the 15th nude.

4. Width of first four or five capitula.

5. Kuiaber of di3c and ray florets (first five flowering

-apitula or five taken at random).



7.

6. Sate of first flowering oapitula.

7. Height of plant at data of first flowering eapitulua or

height at a certain date after sowing.

3. Total number of oapitula at dato of first flowering

oapituluia or number of , allow capitula at time of first

seeding capitulum.

9. Date of first seeding capitulum.

10. Number of fruiting heads at a certain date.

11. Number of seeds per capitulum in sample capitula.

12. Dry weight of whole plan' at time of first seeding capitulum

or at a certain date after sowing.

The six species were scored for the oharacters, as numbered

above, as follows:

3, aetnensis 2, 6, 7» 12

3. lividus 6, 7, 8, 9, 10, 11, 12

S. sanaliius 1, 2, 3# 4» 5» 6# 7» 8, 11, 12

3, a.vlvattcuc 7» 11 > 12

viaoosus 6, 7» 8, 9» 11# 12

3. vulgaris var. radlatus 6, 7, 8, 9# 11# 12

S. vulgaris 7» 8» 11# 12

Flowering plants of 3. soualldus were available at the start of

this project and for this reason it was subjected to rather more

detailed study: (a) Large numbers of capitula were emasculated and

either selfed or outcrossed. (b) In May/June some 300 plants

consisting of first and second generation selfed and outcrossed

3. scualiduB (together with some 3. avlvaticua) -were grown in random

plots in the experimental area at the University Botanic Garden,

(o) Plants of these plots were scored for: length of lowest branch,

number of yellow capitula in lowest branch, number of diso and ray

floreta in four capitula taken at random, width of five capitula taken
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at random, and dry weight.

Two different 3eed sources of Xividus produced plants which

differed strikingly in a number of characters. dome cross-pollinations

wore made between plants of these two "races".

hi. poll:® cotnrrs and capitula size

In order to compare aspoet3 of the floral biology of the six

species a sample of young, unopened capitula, together with mature

fully-open capitula ware collected and scored for the following

c»iracteras capitula width, numb. • of ray and diac florets* In

addition unopened anthers were scored for total pollen content.

IV. 3SOBIBS 0? CHIA3MA FREQUENCY

Squash preparations were made of young anthers using

propionic-oarmina and aceto-carr-na stains (Darlington and LaCour.

1950)» and attempts were made to score ohiasaa frequencies for each

species. Camera lucida drawings were made of chromosomes at

diakinesis and setaphase using a Zeiss drawing attachment, Most of

these oytologic&l studies were carried out during a stay of a week in

the laboratory of the Royal Botanic Gardenst Edinburgh,

V. habit, di ST3I3UTICI, ETC, FOR THE bix S3HECX0 SPECIES1
Voucher specimens were prepared for all species which were

studied and those are lodged in the herbarium, Department of Botany at

St. Andrews.

Nomenclature and distribution are taken from the account

prepared for Flora Duropaea by A. 0. Chater and S, M. Walters.
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1. Seneoio aetnenais Jan. ax. Do., Prodr. 6s345 (1333). Suhglabrous

glaucous perannial up to 40 cm., with erect stems from a woody stock.
2

Capitula few in a terminal corymb. 2n*20 . Lava slopes, above 1000m.

in Sicily (Mt. Etna).

Seed sources University of Dresden, (Etna).

2. Senecio lividus L.. Sp. PI. 367 (1753)* Erect, largely

uhbranched annual up to 40 cm. Capitula numerous, in a terminal

corymb, 2n=40 (Fernandes & Queiroa, 1971)• West Mediterranean region

and Portugal.

• cod source: Ihxraber 1309} Univer sity Botanic Garden, Porto, Portugal.

Number 584} University of Coimbra, Portugal.

3« Ssnecjo scrualidua L., 3p« PI. 369 (1753)• (3. nebrodonsia

auct., non L., and subsp. rupestris (Waldst. & Kit.) Piori & Paol.)

Subglabrou3 to more or less floocose short-lived perennial, biennial

or annual, up to 60 cm. with erect branching stsma. Capitula few to

numerous in irregular corymbs. 2n **20 (Zickler, 1963). Open, stony

sandy ground especially in rudaral habitats. Central and Eastern
?

Alps, Aptenines and mountains of Balkan peninsula, Britain.

3eed sources Towpath near Chiswick Bridge, River Thames, Barnes,

London.

4. Senecio aylvaticus L., bp. PI. 368 (1753). Bract annual, up to

70 cm., with ascending branches. Capitula numerous in a large

terminal corymb. 2n»40 (Fernandas & Queiros, 1971)* Open sandy or

well drained ground; calcifugoj North and Central Europe (from

Spain and north part of Balkan penninsula to 62 a. in Scandinavia).

Seed sourcei University of Liege, Belgium.

Unpublished count, Miss C. Milne, Royal Botanic Garden,

Edi: burgh.
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5« Sonocjo vi3C0BU3 L., Cp. PI. 363 (1753)* Annual, up to 60cm.

freely branched. Capitula numerous in a large irregular corymb.

2n=»40 (Tickler, 1963, Majovsky et. al. 1970). Waste ground, roadsides.

Europe except Arctic.

deed source: Belgium, Gmbret naa- Liege.

6. deaecio vulgaris L., .-p. Pi. 367 (1753)* Subglabrous annual up to

40cm. with weak irregularly branched stoma. Capitula numer>us,

subssessils in dense subooryiabose clusters} peduncles elongating in

fruit. Cultivated ground, waste places and coastal sands. Throughout

Aurope.

Seed source: University Botanic Garden, Dijon, France.

7. A. vu.L?sri3 "var. radiata" oomo confusion surrounds the rayed

forms of ..oiacio vulgaris (for example, see Allan (1967) and discussion

by Crisp & Jones 1970) The plants used in this study were referable

to subs sp. dent-iculatus (Mueller) P.D. Sell.

Seed source: Trance, L'Aiguillon-aur-Mer (Vendee).
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R3SULT5

I. C0HTH0LLI2D POLLISATIQUS

Table 1. Untreated capitula

lumber of capitula untreated 22

Busbar of capitula with 0 - 10 seeds IT

Lumber of capitula with 11- 20 se ids 4

Number of capitula with more than 20 saeds 1

Average seed set 5.22

. snge 0—54

Table 2. Oapitula emasculated and left! control of emasculation
tecnhicrne

Lumber of capitula emasculated 16

umber of oapitula with no seed set 16

Tablo 3. Capitula emasculated and self-pollinated

Number of capitula emasculated and selfed 10

Bumber of capitula with 0-10 seeds 7

Huaber of capitula with 11-20 seeds 3

Average seed 3et 6.10

Range 0-13



fable 4. Capitula emasculated and oross-pollinatod

12.

Number of capitula emasculated and crossed 12

Number of capitula with 0 — 10 seeds 6

Number of capitula with 11 — 20 seeds 1

Number of capitula with 21 - 30 seeds 2

Number of capitula with 31 - 40 seeds 0

Number of oapitula with 41 - 50 seeds 1

Number of oapitula with 51 - 60 seeds 0

Number of oapitula with 61 - 70 seeds 2

Average seed set I 20.33

Range 0-63

fabla 5. Comparison of seed sat in selfed and outcrossed S. aetnensis

Crossed Selfed Significance^

Mean 20.33 6.10 not applic.

Variance 660.73 64.32 Big.

Coefficient of Variation 126.42 131.47 not sig.

fable 6. Comparison of seed set in outcrosaed and untreated capitula

Crossed Untreated Significance

Mean 20.33 5.22 not. applic.

Variance 660.78 151.99 aig.

Coefficient of Variation 126.42 235.35 not aig.

Significance tests between means by t—test

significance tests between variances P—tost

Significance tests "between Coefficients of Variation by
an elaboration of the t—test
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Table 7. Comparison of seed set in experimentally selfed and untreated
capitula

Selfed Untreated Significance

Mean 6.11 5.22 not aig.

Variance 64.32 131.99 not sig.

Coefficient of Variation 131.47 235.35 aig.

S» livldua

Table 8. Untreated capitula

Number of capitula left untreated 13

Number of capitula with 0.- 10 seeds 1

Number of capitula with 11 - 20 seeds 3

Number of capitula with 21-30 seeds 6

Number of capitula with 31 — 40 seeds 1

Number of capitula with 41-50 seeds 2

Average seed set 26.23

Range 9-48

Table 9« Capitula emasculated and left: control
technique

of emasculation

Number of capitula emasculated and left 36

Number of capitula with no seed 3et 21

Average seed set in remaining capitula 3.461
Range 1-9

these seeds were presumably due to contaminant pollination at the

time of emasculation



Table 10. Capitula emasculated and cross—pollinated

14

Number of capitula emasculated and crossed 29

Uumber of capitula with 0-10 seeds 13

number of capitula with 11-20 seeds 5

number of capitula with 21—30 seeds 4

Number of capitula with 31 - 40 seeds 7

Average seed set 15.82

Range 0-39

Table 11. Comparison of seed set in crossed and untreated capitula

Crossed Untreated Significance

Mean 15.32 26.23 sig. (0.05)

Variance 130.07 142.02 not sig.

Coefficient of Variation 84.73 45.43 sig.

Table 12. Percentage seed set based on total number of florets per
capitulum

Crossed Untreated

Disc florets; average 40.2 40.2

range 30-62 30-62

Seed set: average 15.32 26.23

range 0-39 9-43

Percentage seed set 33.93 64.60

Total number of florets 50.53 50.53

Percentage seed set 31.32 51.90



3. rxmalidua

Table 13. Untreated capitula

15.

Number of capitula left untreated 26

Number of capitula with no seed set 22

Average seed set in remaining capitula 28.0

Range 1-56

Table 14. Capitula emasculated and left: control of emasculation
technique

Number of capitula emasculated and left 74

lumber of capitula vrith no seed act 69

Average- seed set in remaining capitula 10.2

Range 2-25

Table 15. Capitula emasculated and cross-pollinated

lumber of capitula emascuLrtad and selfed 92

Number of capitula with no seed set 15

Number of capitula with 1 - 10 seeds 32

Number of capitula with 11 - 20 seeds 13

Number of capitula with 21 - 30 seeds 10

Number of capitula with 31 - 40 seeds 5

Number of capitula with 41 - 50 seeds 4

lumber of capitula with 51 - 60 seeds 6

Number of capitula with 61 - 70 seeds 2

Number of capitula with 71 - 30 seeds 3

Number of capitula with 81 - 90 seeds 2

Average seed set 20.98

Range 0-87
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Table 16. Capitula not emasculated and rubbed, self-pollinated

Number of oapitula rubbed, self-pollinated 71

Number of capitula with no seeds 24

Number of capitula with 1 - 10 seeds 17

Number of capitula with 11 •a* 20 seeds 15

Number of capitula with 21 - 30 seeds 6

Number of capitula with 31 «•* 40 seeds 3

Number of capitula v;ith 41 - 50 seeds 3

Number of capitula with 51 - 60 seeds 1

Number of capitula with 61 - 70 seeds 2

Number of capitula with 71 - 80 seeds 1

Average seed set 21.40

Range 0-77

Table 17» Capitula emasculated and cross—pollinated

Number of capitula emasculated and crossed 95

Number of capitula with 0-10 seeds 37

Number of capitula with 11-20 seeds 10

Number of capitula with 21 - 30 seeds 7

Number of cap. tula •with 31 - 40 seeds 9

Number of capitula with 41 - 50 seeds 1

Number of capitula with 51 - 60 seeds 4

Number of capitula with 61 - 70 seeds 7

Number of capitula with 71-90 seeds 7

Number of capitula with 31 - 90 seeds 8

Number of capitula with 91 -100 seeds 2

Number of oapitula with 101 -110 seeds 2

Number of capitula with 111 -120 seeds 1

Average s<jed set 33.97

Range 0-119
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Table 13, Capitula not emasculated and rubied, cross—pollinated

Uumber of capitula rubbed, crossed 46

Uumfcer of capitula with 0 mm 10 seed® 13

llumber of capitula with 11 mm 20 seed® 5

ITumber of capitula with 21 30 seeds 2

Huraber of capitula with 31 - 40 seeds 3

u11 of capitula with 41 - 50 seeds 3

number of e&pitula with 51 «■» 60 seeds 2

number of capitula with 61 - 70 seeds 6

number of 'tula with 71 mm 80 seeds 3

number of oapitula with 81 - 90 seeds 6

Ifuaber of oapitula with 91 - 100 seeds 3

Average seed set 41.89

Range 0-99

Table 19» Seed set based on a sample of capitula from plants grown in
the experimental plot of the University Botanic Gardens

Number of oapitula 57

Number of oapitula with 31 - 40 seeds 3

Number of capitula with 41 - 50 seeds 0

Number of capitula with 51 mm 60 seeds 4

Number of capitula with 61 - 70 seeds 4

Number of capitula with 71 mm 30 seeds 10

number of capitula with 81 - 90 seeds 8

Humber of ce.yitula with 91 - 100 seeds 13

Number of capitula with 101 mm 110 seeds 11

Humber of capitula with 111 - 120 seeds 3

Number of capitula with 121 - 130 seeds 1

Average seed set 86.40

Range 31-125



Table 20. Comparison of seed set in araaseulated selfed and
outcrossed capitula

Outcrossed Selfed Significance

Mean 33.97 20.93 aig.

Variance 1105.03 435.27 not sig.

Coefficient of Variation 97.34 104.93 sig.

Table 21. Comparison of seed set in emasculated seifed and
untreated capitula

oeifed Untreated Significance

Inean 20.93 4.30 not applic.

Variance 485.27 194.06 sig.

Coefficient of Variation 104.99 323.38 aig.

Table 22. Comparison of seed set in emasculated crossed and
untreated capitula

Crossed Untreated Significance

Mean 33.97 4.30 not applic.

Variance 1105.03 194.06 sig.

Coefficient 97.34 323.33 sig.
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Table 23. Comparison of seed set in not emr .iculated, nibbed solfed
and outcrossed capitula

Crossed Salfed Significance

Mean

Variance

Coefficient of Variation

41.39

1077.43

73.35

21.40

415.97

95.13

sig.

not sig.

not sig.

Table 24. Comparison of seed set in not emasculated rubbed, selfed
and untreated capitula

Selfed Untreated Significance

Mean

Variance

Coefficient of Variation

21.40

415.97

95.18

4.30

194.06

323.33

not applic.

Big.

sig.

Table 25. Comparison of
and untreated

seed set in not emasculated rubbed, crossed
sapitula

Crossed Untreated Significance

Mean

Variance

Coefficient of Variation

41.83

1077.48

73.35

4.30

194.06

323.33

not applic.

Big.

sig.
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Table 26. Comparison of seed sat in emasculated crossed and not
emasculated rubbed, crossed capitula

Emasculated
Crossed

Hot Emasculated
Crossed Significance

Mean

Variance

Coefficient of Vatiation

33.97

1105.03

97.34

41.39

10/ /,4w

73.35

not sig.

not sig.

not sig.

Table 27. Comparison ot seed set in emasculated selfed and not
emasculated rubbed, selfed capitula

Emasculated
Selfed

Hot Emasculated
Selfed Significance

Mean

Variance

Coefficient of Variation

20.93

435.27

104.93

21.40

415.97

95.13

not sig.

not sig.

not sig.

Table 23. Comparison of seed sat in untreated capitula between
plants grown in the experimental glasshouse and field
plot

Glasshouse
Plants

Field Plot
Plants Significance

Mean 4* 30 36.40 Big.

Variance 194.06 440.92 not sig.

Coefficient of Variation 323.33 24.30 Big.
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Table 29. Comparison of seed oat in not emasculated, rubbed crossed
capitula (1) and capitula harvested in the field plot (2)

(1) (2) Significance

Mean 41.39 86.40 sig.

Variance 1077.43 440.92 not sig.

Coefficient of Variation 73.35 24.30 sig.

Table 30. Comparison of percentage see
of florets per capitultua

d set based on total number

(1) (2) (3)

Number of disc florets 115.02 104.06 104.06

Number of ray florets 14.52 12.70 12.70

Potential seed sat 129.55 116.76 116.76

Actual seed set 86.40 41.89 33.97

Percentage 66.69 35.37 29.10

1. Sampling capitula from field trial plants

2. Capitula from rubbed, cross—pollinations

3. Capitula from emasculated cross—pollinations
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3, s.ylyaticus

Table 31. Untreated capitula

Number of capitula not emasculated and. left 3

Number of capitula with less than 20 seeds 1

Number of capitula with 20 — 30 seeds 4

Number of capitula with 31 or more seeds 3

Avera* .3 seed set 26.37

Range 1-39

Table 32. Capitula emasculated and lefts contrci
technique

of emasculation

Number of capitula emasculated and left 21

Number of oapitula with no seed set 15

Average seed sat 2.66

Range 2—4

Table 33. Capitula emasculated and cross—pollinated

Number of capitula emasculated and crossed 28

Number of capitula with 0—10 seeds 10

Number of capitula with 11 - 20 seeds 13

Number of capitula with 21 — 30 seeds 4

Number of capitula with 31 - AO seeds 1

Average seed sat 12.67

Hang® 0-37
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Table 34. Comparison of seed set in outcrossed and untreated
eapitula

Crossed Untreated Significance

Mean 12.67 26.37 sig.

Variance 32.22 129.69 not sig.

Coefficient of Variation 71.52 43.17 not sig.

Table 35* Percentage seed set based on total number of floretB per
capitulua

Grossed Untreated

Disc florets: average 34.66 34.66

range 25-49 25-49

Seed eet: average 12.67 26.37

range 0-32 1-39

Percentage seed set 36.57 76.09

Total number of florets 45.67 45.67

Percentage seed set 27.96 58.17
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3. vi3cosus

Table 36. Untreated capitula

Number of capitula left untreated 13

Number of oapitula with less than 20 seeds 1

Number of capitula with 20 — 30 seeds 1

Number of capitula with 31 - 40 seeds 1

Nuobe of oapitula with 41 - 50 seeds 0

Number of capitula with 51 - 60 seeds 5

Number of capitula with 61—70 seeds 4

dumber of capitula with 71—30 seeds 1

Average seed set 54.33

Range 15-73

Table 37« Capitula emasculated and left: control of emasculation
technique

Number of capitula emasculated and left 34

Number of capitula with no seed set 19

Average seed set in remaining capitula 3.33

Range 1-10



Table 33. Capitula emasculated and cross—pollinated

25-

Number of capitula emasculated and crossed 50

Number of capitula with 0 —10 seeds 4

Number of capitula with 11 — 20 seeds 6

Number of capitula with 21 — 30 seeds 1

Number of capitula with 31 - 40 seeds 7

Number of oapitula with 41 — 50 seeds 11

Number of capitula with 51 — 60 seeds 19

Number of oapitula with 61 — 70 seeds 2

Average seed set 41.22

.tango 0-66

Table 39. Comparison of seed set in outcrossed and untreated
capitula

Outcrossed Untreated Significance

Mean 41.02 54.33 sig. (0.05)

Variance 306.59 246.42 not sig.

Coefficient of variation 42.68 28.36 not sig.
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Table 40• Percentage of seed set baaed on total number of florets
per capitulum

Outcrossed Untreated

Disc florets J average 37.7 37.7

range 21-63 21-63

3eed set s average 41.02 54.33

range 0-66 19-73

Percentage seed set 108.30 144.25

Total number of florets 50.42 50.42

Percentage seed set 31.35 107.36

3. vulgaris "var. radiatus"

Table 41• Untreated capitula

Htuaber of oapitula left untreated 12

Number of capitula with 21-30 seeds 1

Number of capitula with 31 — 40 seeds 2

Number of capitula with 41-50 aeeds 3

Number of oapitula with 51—60 seeds 3

Number of capitula with 61 - 70 seeds 3

Average 3eed set 50.16

Range 21-69



Table 42. Capitula emasculated and left: control of emasculation
technique

Number of capitula emasculated and laft 22

Ilumber of capitula with no seed set 17

Average seed set in remaining capitula 3.40

Range 1-7

Table 43. Oapitula emasculated and cross—pollinated

Number of capitula emasculated and crossed 20

Number of capitula with 0 - 10 seeds 1

Number of capitula with 11 - 20 seeds 3

Number of capitula with 21 - 30 seeds 3

Number of capitula with 31 - 40 seeds 5

Number of capitula with 41 - 50 seeds 3

Number of capitula with 51 - 60 seeds 3

Number of capitula vdth 61 - 70 seeds 2

Number of capitula with 71 - SO seeds 4

Average seed set 44.93

Range 8-75

Table 44. Comparison of seed set in crossed and untreated capitula

Crossed Untreated Significance

Mean 44.93 50.16 not sig.

Variance 361.99 179-42 not sig.

Coefficient of variation 42.34 26.70 sig.



28.

Table 45. Percentage of seed set baaed on total number of florets
per capitulura

Crossed Untreated

Disc f1oret s j average 71.2 71.2

range 57-35 57-35

Seed set J average 44.93 50.16

range 3-75 21-69

Percentage seed set 63.10 70.45

Total number of florets 83.36 33.36

Percentage seed set 53.57 59.31

vulgaris

Table 46. Untreated capitula

Number of capitula not emasculated and left 21

Number of capitula with 1 - 10 seeds 1

Number of capitula with 11 - 20 seeds 1

Number of capitula with 21 - 30 seeds 8

Number of capitula with 31 - 40 seeds 6

Number of capitula with 41 - 50 seeds 2

Number of capitula with 51 - 60 seeds 3

Average seed set 33.66

Range 8-60



Table 47. Capitula emasculated and leftl control of emasculation
tsonhi ru®

Number of capitula emasculated and left 30

Number of capitula with no seed set 15

Number of oapitula with 1—10 seeds 11

Number of capitula with 11-20 seeds 3

Number of capitula with 21-30 seeds 1

Average seed set 6.53

Range 1—23

Table 48. Capitula emasculated and cross-pollinated

Number of oapitula emasculated and crossed 45

Number of capitula with 0-10 seeds 27

Number of capitula with 11-20 seeds 6

Number of capitula with 21-30 seeds 6

Number of oapitula with 31-40 seeds 4

Number of capitula with 41 - 50 seeds 2

Average seed set 12.42

Range 0-43
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Table 49« Comparison of seed, set in crossed and untreated capitula

Crossed Untreated Significance

Mean 12.42 33.66 sig.

Variance 180.24 139.13 not sig.

Coefficient of Variation 103.07 40.84 Big.

Table 50» Percentage of seed set based on total number of florets
per capitulua

Crossed Untreated

Disc florets: average 46.97 46.97

range 27-59 27-59

Seed set: average 12.42 33.66

range O-43 3-60

Percentage seed set 26.44 71.66
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II. COMPARATIVE 3OTDIS3 QH 33LPBI) AHD 0OTCR033SD PUHT3

S, aetnenaia

Table 51. Characters soored for P., aelfed and outcrossed plants

Crossed Selfed Significance

Plant h ight (cm) X 42.25 41.00 not sig.

(141 days after sowing) V(1) 64.20 76.33 not sig.

V(2) 18.96 21.31 sig.

Plant height X 53.18 49.00 not sig.

(187 days after sowing) V 93.22 89.33 not sig.

V 18.15 19.28 not sig.

Length of leaf X 11.65 10.57 sig. (0.05)

(15th node) V 0.74 0.95 not sig.
A

V 7.42 9.23 not sig.

Breadth of leaf X 3.11 2.54 sig.

(15th node) V 0.19 0.35 not sig.
A

V 14.36 14.15 not sig.

Dry weight (g) X 7.16 7.48 not 3ig.

V 1.77 3.58 not sig.
A

V 18.59 25.30 not eig.

(1) Variance

(2) Coefficient of Variation
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Table 52. Characters scored for selfed and outcrossad plants
(a) within seed sample lo 1309

Crossed 3©lfed Significance

Date of first flower X 15.91 20.05 aig. (0.05)

V 11.71 26.18 not aig.

V 21.50 25.51 not aig.

dumber of capitula at
***

X 14.36 14.87 not applic.

a certain date V 4.85 19.45 sig.

V 15.33 29.64 sig.

Hufflber of fruiting X 6.35 4.61 not applic.

heads at date of harvesting V 2.31 9.19 sig.
✓\

V 26.61 65.75 sig.

Seed set X 59.25 56.90 not applic.

V 59.99 185.74 aig.
/\

V 13.0? 23.94 sig.

Dry weight X 0.90 0.83 not sig.

V 0.02 0.04 not sig.
A

V 19.07 26.41 not 3ig.
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Table 53* Characters scored for F. plants derived from cross between
seed Hoa 1309 x 5&4 and selfed 534

1309x534 534 Significance

Plant height X 31.66 5.9 not applic.

(30 days after sowing) V 69.16 4.92 sig.

7 26.26 37.61 not sig.

Plant h ight X 51 48.5 not 3ig.

(at date of first flower) V 23.4 66.75 not sig.

V 10.44 13.26 not sig.

Date of first flower X 17 47.4 sis.

(first plant to come V 15.6 39.55 not sig.

to flower plus 10 days) V 23.23 13.26 not aig.

Date of first seeding
•Ml

X 16.83 46.2 sig.

(first plant to come to V 16.56 42.2 not sig.

seed plus 10 days) V 24.17 14.06 not sig.

Number of yellow X 20.16 13.3 not sig.

capitula at date of V 54.16 3.7 not sig.

first seeding
✓\

V 36.49 21.37 not sig.

Dry weight X 2.03 1.16 not applic.

V 0.20 0.02 sig.

V 22.24 13.07 not sig.
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S« s .u-)lidu3

Table 54. Characters scored for F. selfed and outcrossed plants
(Glasshouse population So 1)

Crossed oelfed Significance

Length of leaf X 16.42 11.56 sig.

(3th node) V 2.74 3.25 not sig.
A

V 10.09 15.60 not aig.

Breadth of leaf X 6.14 4.73 sig.

(8th node) V 0.73 0.77 not aig.

V 12.33 13.43 not sig.

Length of leaf X 13.59 15.32 sig.

(16th node) V 2.57 4.03 not sig.
A

V 8.40 12.68 not sig.

Breadth of leaf
«■»

X 9.50 7.94 sig.

(16th node) V 1.87 2.10 not sig.

V 14-39 18.23 not sig.

Bate of first flower
mm

X 20.57 19.60 not sig.

V 34.67 36.47 not sig.

V 30.04 29.34 not sig.

Seed set X 22.97 13.72 sig. (0.10)

V 1146.39 604.44 not aig.

V 147.36 179.18 not sig.
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Tabl® 55. Characters scored for F. selfed and outcrossed plants
(Field trial population)

Crossed Selfed Significance

Length of lowest X 40.50 47.65 not sig.

branch V 42.26 71.39 not sig.
s\

V 16.05 17.72 not sig.

Humbor of .yellow X 40.43 39.73 not sig.

capitula in lowest V 1501.46 1101.64 not sig.

branch
S\

V 93.32 33.52 not sig.

Bry weight X 70.01 113.32 sig.

V 1213.93 1592.12 not sig.

V 49.76 35.20 not sig.
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Table 56. Characters scored for selfed and outcrossed plconts
(Glasshouse population Ho 2)

Crossed Selfed Significance

Plant height X 53.75 44.12 eig. (0.10)

72 days after sowing V 49.5 129.12 not sig.

y 13.09 25.75 not sig.

Humber of branches X 11.71 9.75 not sig.

V 13.57 22.73 not sig.

V 31.44 43.95 not sig.

Length of leaf X 11.62 9.23 sig. (0.05)

(15th node) V 2.26 3.66 not sig.
s\

V 12.94 20.61 not aig.

Breadth of leaf X 7.4 5.4 sig.

(15th node) V 0.25 0.36 not sig.

V 6.75 17.25 3ig.

Number of ray floreta X 12.92 13.2 not sig.

V 0.13 0.09 not sig.
A

V 4.37 2.31 not sig.

Width of capitulum (mm) X 33.35 27.62 Big.

V 3.42 3.63 not 3ig.

V 5-46 6.94 not 3ig.
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Table 57. Characters scored, for selfed and outcrosaed plants
(Glasshouse population * Ho 3)

Crossed Selfed Significance

Plant height X 34.18 15.67 sig.

(60 days after sowing) V 76.77 36.77 not sig.

V 25.62 33.70 not sig.

Plant height X 54.89 30.56 sig.

(37 days after sowing) V 91.04 150.02 not aig.

V 17.33 40.03 sig.

Plant height X 55.94 36.33 sig.

(date of first flower) V 73.15 23.43 not sig.

V 15.30 14.67 not sig.

Leaf length X 10.05 3.42 sig. (0.05)

(15th node) V 1.70 1.37 not sig.
/•>

V 12.99 13.91 not sig.

Leaf breadth X 5.37 4.26 not applic.

(15th node) V 0.05 0.49 sig.
.•A

V 4.33 16.53 sig.

Date of fir3t flower X 23.55 39.22 sig. (0.10)

V 191.02 431.44 not 3ig.
/\

V 53.67 52.95 not sig.

Width of capitulum X 32.52 30.92 not sig.

V 3.19 3.35 not sig.
A

V 5.41 9.62 not sig.
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Table 57. (continued)

Number of ray florets X 13.3 13.04 not applic.

V 0.72 0.008 sig.
/N

V 6.38 0.63 sig.

Number of yellow capitula X 20.55 13.55 not sig.

(date of first seeding) V 23.02 25.02 not sig.

V 23.34 26.96 not aig.

Date of first seeding X 13.67 32.67 not applic.

V 79.00 335.5 sig.
•A

V 47.61 60.10 not sig.

Dry weight X 5.76 4.1 sig.

V 1.64 0.53 not sig.

V 22.28 17.34 not sig.
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Table 58* Characters scored for F_ selfed and outcroaaed plants
(Field trial populatiory

Crossed Selfed Significance

Length of lowest branch X 33.47 23.05 sig.

V 96.83 60.79 not aig.
yv

V 29.40 33.82 not sig.

Number of yellow capitula X 116.57 74.00 sig. ( 0.10 )

V 4192.70 4396.00 not sig.
/\

V 55.54 89.59 not sig.

Number of ray florets X 14.52 13.89 not sig.

V 9.12 2.39 not sig.
yv

V 20.79 11.13 not sig.

Number of disc florets X 115.02 95.67 not applic.

V 39.25 199.97 sig.
-A

V 5.44 14.77 sig.

Dry weight X 75.53 35.17 sig.

V 750.94 445.02 not sig.
A

V 36.27 59.96 sig.
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3. sylvaticus

Table 59* Characters scored for selfed and outcrossed plants
(Glasshouse population)

Crossed Selfed Significance

Plant height X 67.9 59.04 not sig.

(73 days after sowing) V 220.49 245.31 not sig.

V 21.36 26.52 not sig.

Seed set X 33.33 25.33 not sig.

V 196.66 75.62 not sig.

V 42.11 34.33 not sig.

Table 60. Characters scored for ?1 selfed and outcrossed plants
(field trial population)

Crossed Selfed Significance

Plant height X 66.33 63.39 not sig.

V 65.41 63.13 not sig.
/"V

V 12.19 12.92 not sig.

Dry weight X 30.33 24.20 not applic.

V 33.00 357.05 sig.

V 20.32 73.06 sig.
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3« viacosus

Table 61. Characters Bcored for selfed and outcrossed plants

Crossed Selfed Significance

Plant height X 54.83 24.16 not Big.

V 2.16 3.36 not sig.
A

V 5-92 7.59 not sig.

Number of capitula X 36.33 33.33 not sig.

(date of first seeding head) V 25.06 30.16 not sig.
A

V 13.77 16.23 not sig.

Number of yellow capitula X 15.33 15.00 not sig.

(date of first seeding head) V 3.06 13.6 not sig.
A

V 11.42 24.53 not sig.

Date of first flower
mm

X 15.33 16.33 not sig.

V 15.06 21.86 not sig.
A

V 25.31 23.62 not sig.

Date of first seeding
mm

X 14.66 15.50 not sig.

V 13.46 14.3 not sig.
A

V 25.02 24.39 not sig.

Seed set X 47.8 49.4 not sig.

V 94.04 55.39 not sig.
A

V 20.28 15.06 not sig.

Dry weight X 2.6 2.65 not sig.

V 0.34 0.08 not sig.
A

V 22.59 10.37 not aig.
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3. vulgaris var. radiatus

Table 62. Characters scored for selfed and outcrossed. plants

Crossed Selfed Significance

Date of first flower X 39.25 32.65 not sig.

7 97.53 182.55 not sig.
>\

V 25.16 41.33 sig.

Plant height X 47.37 46.44 not applio.

(date of first seeding) V 23.36 10.29 sig.
s\

V 11.24 6.90 sig.

Nutaber of capitula X 44.75 39.41 not sig.

(date o** first seeding) V 211.29 273.63 not sig.

V 32.48 41.97 not sig.

Date of first seeding X 33.08 31.35 sig. (0.05)

V 27.71 77.11 not sig.

V 13.32 23.00 not sig.

Seed set X 54.30 62.96 sig. (0.10)

V 242.17 85.16 not sig.

V 23.39 14.65 not sig.

Dry weight X 5.6 5.32 not sig.

V 0.93 1.57 not sig.
/\

7 17.71 23.56 not sig.
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3. vulgaris

Table 63. Characters scored for f, s.lfed and cros.ad plants

Crossed Selfed Significance

Plant height X 25.67 22.72 not sig.

V 18.41 18.32 not sig.
yv

V 16.71 18.33 not sig.

lumber of capitula X 50.00 45.4 not sig.

(date of first seeding) V 190.14 101.68 not sig.

V 27.57 22.21 not Big.

Seed set X 37.63 29.66 sig.

V 41.11 21.93 not sig.

V 17.03 15.79 not sig.

Dry weight X 0.4 O.65 sig. (0.05)

V 0.01 0.04 not sig.
yv

V 28.86 30.76 not sig.
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III. POLLEN COUNTS

Table 64. Comparison of capitula size and pollen count/anther for
six species of Senecio

Width
(am)

Humber of
disc florets

Number of
ray florets

humber of

pollen grains/
anther

3. aetnensis

3. squalidus

S. viscosus

S. lividus(584)

S. lividus(l 309)

3. vulgaris
var. radlatus

S. vulgaris

S, sylvaticus

31.88

29.24

16.16

9.42

7.88

9.82

3.63

2.73

32.95

104.06

37.70

70.70

40.60

71.20

46.97

34.66

12.33

12.70

12.72

12.60

9.93

12.66

mm

10.63

1039.3

914.8

183.6

43.7

33

49

27.20

Table 65. Capitula size in the two "raced' of 5. lividus (seed
sources 1309 and 584)

1309 584 Significance

Number of ray florets X 9.93 12.6 not applio.

V 2.27 0.33 sig.
A

V 15.72 4.93 sig.

Number of disc florets
■Ml

X 40.6 70.70 sig.

V 49.69 91.87 not sig.
s\

V 17.36 13.55 not sig.

Width of capitulum (mm) X 7.88 9.42 sig.

V 0.73 0.85 not sig.

V 10.86 9.81 not sig.



IV. STUDI33 OF CHIASMA. FRSQUSBfCY

43.

Because of the brief time which could be devoted to cytological studies

the data on chiasaa frequencies are very incomplete, e.g. based on

relatively few cells for 3. aet nana if. 3, visoostis and 3. vulgaris var.

radiatus.

Ho counts were obtained for S. vulg■ (rayless form), 3. sylvaticus

anii- 5. lividua. It may perhaps be noted that the paucity of Pollen

Mother Cells in the anthers of these species make cytological studies

very difficult. (See figs. 1-9 and Plates)

Table 66. Chiasaa frequencies for five species of Seneclo

Haploid
Chromosome

No.

Ho.
PMC

Total no.

of
chiastriata

Average
per
cell

Average
per

Bivalent
R.I.1

S. joppensis 10 8 113 14.1 1.41 24.1

S. aetnensis 10 7 94 13.4 1.34 23.4

S. squalidus 10 15 181 12.06 1.206 22.06

3. viscosus 20 6 15-3 26.3 1.315 46.3

3. vulgaris
var. radiatus

20 1 34 34 1.7 54

1
S.I. « recombination index, i.e. the sum of the haploid number

of chromosomes and of the average chiasms frequency of all the

chromosomes in a meiotio cell ("Oarlington 1939).
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44.

The choice of Senateio species which were used in this study was

to some extent fortuitous. They consisted of annual to short-lived

perennial species whioh had been involved in other studies at

St. Andrews and for which, therefore, seeds were available in October

1971. In the case of 3, ualidua a quantity of plants in flower

were also available with which work could begin at once.

Various authors have published information on the breeding

systems of these species of aenccio. aa 3. vulgaris (Harland 1955)

and 3. viaoosus (Gibbs 1971) are readily self-compatible? there are

variable reports for 3. e-rualidus. some suggesting that it is self-

incompatible (Baker 1957• Harland 1955) and others that it is capable

of aelfing.(Gibbs, personal communication). No data was available

on the selfing ability (or the breeding system) for S» sylvaticus and

3. aetnenaia.

Several authors have noted that a correlation exists between

the breeding system of a race or a species and the conspicuousness

and pollen output of the flower. For example, Grant (1954) with

various Gilia species? Stebbins (1957) with Bromus species? Baker

(190) with weedy and non-weedy races of Aupatorium microstemon and

Ageratua conygoides vs. A, microoarpum t Clausen, Keck and Kiesey

(1945) with Layja and Madia.

Because of these earlier studies capitula size (diameter,

number of florets) and pollen content per anther for «ch of the six

species of Benecio were investigated as they came into flower. It

was found that a distinct correlation exists between capitula size

and pollen 'output and it is possible to list the species in descending

order of conspicuousness as follows 1 6, aatnensis, 3. ecualidus.

3. viscosua. o. lividus (9B4), 3. lividus (130'9)» 3. vulgaris "var.
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radiatus" and 3. vulgaris(Table 64).

For the purposes of further discussion it is useful to use this

sequence aa a framework to consider each species in terms of selfing

ability.

I. 3TUDI23 OH SELF—FERTILITY

Before considering the results from the self—pollination

experiment it is necessary to distinguish two kinds of situation.

(1) The ability to set seed when plants are deliberately aelfed

i.e. capitula are emasculated and self-pollinated. This experiment

should demonstrate whether the plants under study have any genie

incompatibility.

(2) The ability to set seed when capitula are left untreated

i.e. when plants are left without treatment in the experimental

glasshouse. This will $.v® some insight as to whether a species is

likely to set seed under natural conditions but in the absence of

visits by pollinating vectors.

3. aetnenais

Results of experimental self- and cross-pollinations indicate that 1

(a) 3. aetnensis is self-compatible. (b) Self-pollination results

in considerably less seed set than cross-pollinations (Tables 3, 4, 5)

i.e. average seed set of 6.10 (range 0-13) from 10 selfed capitula vs.

average of 20.33 (range 0-68) from 12 outcrossed capitula. Unfortunately,

the sample size and the rata of seed set do not allow use of the "t

test" for these results. The sample size was low because the first

group of 3. aetnensis plants came into flower rather slowly and it was

difficult to obtain plant3 with sufficient capitula for emasculations

and for pollinations. In addition very low seed set was obtained in
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some experimental oross-pollinations. Possible causes for variable

seed set following experimental pollinations will be discussed

subsequently. (c) Capitula left untreated again set some self seed

but with considerable variation in the results (Tables 1, 6, 7),

average seed set of 5-22 (range 0—54) from a sample of 22 capitula.

It is possible, therefore, to conclude that: 3. aetnensia is

self-compatible but experimental results (admittedly, on basis of a

small sample) suggest that there is possibly some barrier to selfing.

S. scualidna

(1) Results from experimental self- and cross-pollinations show

that: (a) S^j^niali^ta is self—compatible. (b) Seed set in

aalfed capitula is significantly lower than seed set in outorosaed

oapitula (Tables 15, 17, 20) i.e. average seed set in selfed

capitula of 20.98 (range 0—37) vs. average seed set in outcrossed

capitula of 33«97 (range 0-119)» (c) 3eed set of untreated capitula,

overage 4*30 (range 0-56), waa significantly lower than cross pollinated

heads, but again the high variability of these results compared with

those from experimentally cross-pollinated capitula made comparison by

"t test" inapplicable. (d) Seed set is significantly higher in

experimentally self-pollinated capitula than in those left untreated

(Tables 13, 21, 22).

(2) As noted before, because an abundant number of flowering

plants of 3. acualidua were available at the outset of this study more

detailed experiments were carried out on this species than any of the

other taxa. These additional studies throw some further light on the

reproductive biology of 3. equalidus.

(a) Attempts were made to cross- and self-pollinate plants

by simply rubbing capitula with emergent styles with other capitula

bearing pollen. The results from these experiments parallel those
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obtained in the experimental pollinations. Thus, seed set from

rubbed selfed-capitula was significantly less than that with rubbed,

cross-pollinated capitula (Table 23). Seed set from rubbed, cross-

pollinated capitula is higher than untreated capitula, but in this

case the variability of the results does not allow comparison by

"t test". Seed set in rubbed, self-pollinated capitula was

significantly higher than in untreated capitula (Tables 24, 25).

Average seed set in rubbed, cross—pollinated capitula is higher than

in experimentally (i.e. emasculated) cross-pollinated capitula but

comparison by "t test" indicates that this difference is not

significant. There is no difference between seed set from rubbed,

self-pollinated vs. experimentally (i.e. aaasculated) self-pollinated

capitula (Tables 26, 27).

(b) Two crops of 3. saualidua plants (first and second

generation crossed and selfed plants) were grown on the experimental

plot at the University Botanic Garden. Because of this it is possible

to compare the results of seed set under more or less natural

conditions, i.e. when pollinating vectors are available, with those

grown in the experimental glasshouse. As one would anticipate, seed

set in the field plants was significantly higher than in untreated

glasshouse plants (Table 23). However, seed set in field plants was

also significantly higher than in rubbed, cross-pollinated glasshouse

plants (Table 29). This can also be illustrated by comparing in each

case the actual seed set with potential seed set based on the average

number of florets per capitulum as in Table 30. In general, it can

be concluded that (a) 3, soualidus is self-compatible, (b) selfing

seems to result in lowered seed set and (o) there is some mechanism

which restricts selfing when capitula are left untreated.
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3. viaco3uat 3. ltvidna. 3. vulgaris "var. radiatus". 5. vulgaris and

3. aylvaticus

The results of the self-, and cross-pollination experiments for

these speoies follow a similar pattern and they can be considered

together (Tables 8, 10, 31, 33, 36, 33, 41, 43, 46, 43).

In each of these species seed set in capitula which were left

untreated was very high, as for example, when expressed as percentage

of total potential seed seta based on average number of florets per

capitulua (Tables 12, 35, 40, 45, 50)* Indeed, in all cases, the

seed set from such untreated capitula was higher than that obtained in

experimentally (i.e. emasculated) cross-pollinated capitula (see

below for general discussion of seed set in experimental pollinations).

It can be concluded, therefore, that all of these speoies are olearly

self-compatible.

The results of the first aeries of controlled pollinations

indicate that there are soma differences in selfing ability between

the six apecies tinder study: 3. aetnensis shows most resistance to

selfing. The results for 3, scmalidus are mora variable, partly

because whilst untreated oapitula have on average poor seed set,

capitula which were self-pollinated yield relatively high selfed seed.

Again, therefore, there would seem to be some mechanism which restricts

selfing. The remaining ap- oiea, 3. viscosua, 3. lividus. 3. vulgaris.

3. sylvaticus. appear to be readily-eelf—fertilised.

Thus, the selfing ability of these ienecios as suggested by

experimental pollinations, follows to some extent the species order

based on capitula sise and pollen yield.
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One aspect of this part of the investigation has been that seed

set in emasculated, pollinated capitula and rubbed, pollinated capitula

(both salfed and crossed) is generally low. This is perhaps best

seen when seed set (presumably largely outcrossed) from 3. scualidus

grown in the field is compared with that obtained in rubbed, cross-

pollinated capitula and also experimentally (emasculated) cross-

pollinated capitula, where seed sets of 66.69$, 35«37^ and 29.10^

respectively (expressed as percentage of total potential seed set)

were obtained (Table 30).

Jeveral factors may contribute to this depressed seed set in

experimental pollinations. Due to the method of emasculation, by

slicing away the apical portion of the capitulum with a razor blade,

some damage to the stigmas is clearly possible, and this could be

responsible, at least in part, for lower seed set. However, very few

decapitated styles were observed when emasculated capitula were

examined with a hand lens prior to pollinations. In addition, seed

set from experimentally cross-pollinated vs. rubbed, cross-pollinated

capitula, and experimentally self-pollinated vs. rubbed, selfed -

capitula are not significantly different in 3. arualidus (Tables 26

and 27). In general, seed set in both rubbed and experimentally

pollinated capitula is lower than in capitula harvested from plants

which were grown in the experimental plot and which were presumably

visited by pollinating insects. These two observations suggest that

stigma damage is not a significant factor causing lowered seed set in

controlled pollination experiments.

Another possible cause of differences in seed set lies in the

development of the oapitulura. The high seed set obtained in the



50.

field trial plants may have "been achieved by repeated visits from

pollinators during the phased saturation of the florets of the

capitulua which is characteristic of the Conpositae (Burtt, 1961).

Some observations were made on the sequence of floret opening in

oapitula of S, snualidus with the following results:

Dumber of days
after all ray
florets have

opened

Total no. of new

disc florets in

15 capitula
Average Range

Total cumulative
average number

per day

1 143 9.33 5-18 9.38

2 201 13.40 5-25 23.26

3 330 22.00 15-29 46.26

4 232 15.46 5-21 61.73

5 243 16.53 9-23 73.26

6 83 6.76 2-14 35.03

7 51 7.28 3-11 92.33

81 5 5.00 5 97.33

9 1 1.00 1 93.33

It can be seen, therefore, that in this species the capitula

may open progressively over a period of seven days or more. Because

of this in contrast to repeated insect visits, a single pollination

of a fully opened capitulum by rubbing will affect florets of different

ages (e.g. from 1—9 days old in the S. ecualidus observations). As

a consequence, two other factors whioh might be responsible for

lowered seed set in experimental pollinations are (l) phasing of the

3y the 7th day all except one of the 15 capitula used in this

study were fully open. Days 3 and 9 refer to the single

remaining capitulum.
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6 days after emasculation in cut capitula, or when fully open in

rubbed capitula) some stigmas wore not receptive. And (2) the

possibility that some of the pollen from the donor capitulum had lost

its viability at the time of experimental pollinations. 3oth of

these factors may play a part, but it should be noted that with

3» acualidua it was possible in some cases to obtain in excess of

100 seeds with capitula which were pollinated seven days after

emasculation. Furthermore, as a general rule several donor capitula

were used to make each experimental pollination, and this should

offset any effects from inviable pollen.

Another problem associated with pollination of the distinctly

aelf-ferfclla species such as 3. vulgaris. 3. lividua and 3. s.ylvaticua,

is that pollen production is so limited in these 3pacias that it is

difficult to make experimental pollinations and five or more pollen

donor capitula were necessary for each emasculated capitulum.

One further observation can be made concerning pollination in

some of the six Oenaoio species. Because the female ray florets are

the first "whorl" of the capitulum to open one would expect each

capitulura to pass through an early stage where obligate outbreeding

would be possible. however, observations on the sequence of style

growth in 3, acualidus and 3. viscosua suggest that this is not always

the case. In thissspecies, at least in many oapitula, the styles of

the ray florets emerge late, when the first whorl of disc florets are

open. At this stage, the pollen has been pusJied out of the disc

florets and would be available for transfer to the ray florets either

by an insect vector or even possibly by simply falling on the stigmas.

This possibility is supported by the fact that in 3. visoosua. with

capitula which were left untreated, the seed set is higher than the

number of disc florets only, indicating that female ray florets have
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"been self-pollinated and set seed without the agency of a vector

(Table 40).

XI. COMPARISON OF PERFORMANCE IN INBRED AND OOTBRSD PLANTS

For all species first generation solfed- and outcrossed plants

were grown in the experimental glasshouse and their performance w&b

compared by scoring for various characters. By this m> ans it was

hoped that any differences in e.g. 'hybrid vigour* vs. *inbreeding

depression* would be observed and, therefore, some assessment of their

ability to tolerate selfing could be made. For 3. ecualidua larger

samples of F1 and F2 plants were grown in random grid arrangements

in the experimental plot of the University Botanic Gardens.

The six species are treated in the same order as before.

3enacio aetnensls

For the characters plant height and dry weight there was no

significant difference between the mean values for salfed and outcrossed

plants. Only for leaf eiaa (leaf length and leaf breadth) was a

significant difference encountered (Table 51)• The variability of

aelfed plants tends to be slightly higher than in the outcrossed plants

but the variances are not significantly different.

The data for onset of flowering for first generation selfed and

outcrossed 3. aetnenais is inooaplet®, since these plants had to be

harvested for dry weight estimation before they had all coma into

flower.
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The incomplete data are tabulated below:

Outcrossad Selfed

Humbar of plants 16 7

Ifumber of plants with flower at time of
harvesting for dry weight estimation

8 2

Average number of days to first flower 28.5 47.5

It can be seen that outcrossad plants show a marked tendency to

come into flower sooner than the salfed plants. It is significant

in this respect to note that several aelfod plants began to produce

oapitula buds but these at~orted at an early stage. Furthermore,

the two selfed plants which did oome into flower produced abnormal

looking capitula which were smaller in sise, with fewer •thin* ray-

florets and rather disoolourod diso-florsta.

Senecio saualidus

(a) Glasshouse population Ho. J. Results indicate that first

generation of cross-pollinated plants have, on average, significantly

larger leaves than selfed plants (Table 54) but there are no significant

differences in time cf onset of flowering and seed set. In all cases,

except date of first flowering, the variability of the selfed plants

tends to be higher, but when subjected to the "P-taat" there is no

significant difference between variances of crossed and selfed

progeny.

(b) Experimental plot population Ho. 1. Of the three

characters scored for first generation plants which were grown in the

experimental plot at the University Botanic Oarden (Table 55) there

were no significant differences in means or variances for length of

lowest branch and number of yellow capitula on the lowest branch|
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however, the mean dry weight of the selfed plants was significantly

heavier than that for outcrossad plants.

(c) Glasshouse population Ho. 2. With the second generation

progeny the crossed plants were found to have higher mean values for

the characters - plant height, number of branches, leaf sise, and

width of oapitula (Table 56) - only for the number of ray florets were

the differences between selfed and crossed plants found to be non¬

significant. In all cases there are no significant differences in

the variances, but again, for most characters the selfed plants tended

to be more variable.

(d) Glasshouse population Ho. 3^. With another sample of

second generation selfed and outcroased progeny a similar pattern of

results was observed (Table 57). Outcrossed plants showed

significantly higher mean values for plant height, leaf size, date of

first flowering (significant at 0.10) and dry weight. Crossed and

selfed plants in this sample did not differ significantly in mean
f\Jo. i?y y

values for width of eapitulum, number of ray florets and date of first

seeding head. With three characters there was a significant

difference between variances: leaf breadth, number of ray florets, and

date of first seeding head. Variability of aelfed plants was higher

for the latter two characters.

(e) experimental plot population Ho. 2. With the second

generation plants which were grown in the experimental plot at the

University Botanic Garden the mean values for length of the lowest

branch and dry weight were significantly higher for crossed plantsj

the mean value for number of yellow capituls per plant was also higher

in crossed plants and significant at 0.10 (Table 53). Again, in most

These plants were of the same seed source as the field trial

sample.
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characters salfed plants tended to be more variable than outcrossed

plants, but only with number of disc florets was the variance

significantly different.

oeneola viscosua

Comparison of first generation eelfed and outcrossed plants of

viacoaua showed no significant differences. Indeed, the mean

values for most onaraoters were remarkably similar (Table 61).

Canecio lividus

As noted with this species two seed sources ware grown which

produced two groups of plants which differed considerably in appearances

seed no. 1309 produced plants which were small and much branched,

and with small capitulaj seed no. 534 gave tall, vigorous plants,

with relatively large oapitula (Table 65).

(a) First generation selfad and outorosaed plants within

seed no. 1309. because of the large differences between the variances

in the results for selfed and outer ased plants the *t—test * was

only applicable for two out of five characters: date of first

flowering and dry weight (Table 52). For the former the onset of

flowering in outcrossed plants was found to be significantly sooner

than for selfed plants. For the latter character, the difference

between aelfed and outcrossd plants was not significant.

In all cases the salfed plants tended to show a higher

variability for the following characters: number of oapitula at a

certain date, number of fruiting heads at date of harvesting and seed

set these differences between variances were significant.

(b) First generation selfed and outcroased plants within

no. 534 and 534x1309. Crosses were made between the two types of

b. lividus derived from the two sources, i.e. 534x1309» and the
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progeny of these crosses were grown together and compared with plants

produced "by selfing no. 534. The mean values are significant for

two charactersi date of first flower and date of first seeding

capitulum (Table 53). Variances are higher in the outcrossed

plants for three cnaracters, and in two of them, plant height at a

certain date and dry weight, the differences in variance between

outcrossed and salfed plants are significant.

beneoio vulgaris !,var. radiatua"

Three characters out of six, via. date of first flower, number

of oapitula at date of first seeaing head and dry weight are not

significantly different. In two characters, date of first seeding

and seed set the differences in mean values are marginally significant,

and the selfed progeny have higher values. In all cases, except

plant height (for which the t-test is not applicable) the variances

are higher for the outcrossed plants (Table 62).

Senecio vulgaris

In this species comparison between outcrossed and selfed plants

showed a significant difference for two characters! seed set and dry

weight (Table 63). For seed set the outorossed plants have a

significantly higher mean value, but for dry weight selfed plants

have a higher mean value then the outcrossed plants. The

differences between variances are not significant but they tend to be

higher in the outcrossed plants.

henacio a.vlvatieua

First generation selfed and outerossed plants were grown in

the experimental plot at the University Botanic Garden and a

subaample of these were kept in the experimental glasshouse.
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(a) Glasshouse population. Only two characters, plant height

and seed set, were measured for these plants. Although mean values

tend to be higher in outcrossed plants than in the selfed ones the

difference between them is not significant (Table 59)»

(b) Experimental plot population. Again, only two characters,

plant height and dry weight, were measured. Mean values are not

significant for plant height, but for dry weight "t—test" is

inapplicable (Table 60).

III. CHIASM ERECU3HCY

Darlington (1939 P* 77) introduced the concept that the amount

of genetic recombination which takes plaoe in an interbreeding group

will "be contlulled by the chromosome number together with the frequency

of chiasma formation. He combined these two factors as a "recombination

index" (see p. 4.3).

Stebbins (195®» 1958) ari*i Grant (1958) i*1 general reviews on

the regulation of recombination have developed this concept in terms

of the adaptive nature of the characters which control genetic

variability. These authors point out that woody angioaperuKi tend to

possess high chromosome numbers, karyotype symmetry and high chiasms

frequencies, all of which favour high levels of recombination, whereas

herbaceous taxa tend to have factors such as low chromosome number,

karyotype asymmetry and low chiasma frequencies which each favour

restricted recombination. However, in herbaceous inbreeding taxa

these authors suggest that the factors which promote recombination,

i.e. high chromosome numbers and/or high chiassaa frequencies again

occur. The basis for this phenomenon, presumably, i3 that it permits

inbreeding species to capitalise on the variability that can be gained

from occasional outcrosses by allowing maximum recombination of
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genotypes within relatively few generations. The number of publishe;

detailed studies which support this latter generalisation are

relatively few. Xhu3, Grant (1952) has shown that Gilia species,

G. aillefoliata which is self-compatible and commonly self-fertilised

has a ohiasma frequency of 1.85 per cell, whereas 3. achillaaefolla

which is self-compatible but largely outcro3sed has chiasma frequencies

of 1.17 per cell. Likewise, Stebbins, Valencia and Valencia (1946)

have shown the same trend for ^axopyron species, and Stebbins (1953)

reviews similar situations in Orepis where the throe self-compatible

species, C. kotachyana. U, thoasonii and 0. eritreansis have higher

chiasma frequencies than their cross-fertilising relatives.

The oytological data available for tenecio in the present study

are very fragmentary but the results such as they are certainly

support the concept of selection for chromosomal charsuitera which

favour high recombination in inbreeding species. As Table 66

demonstrates the average chiasaa frequency per cell and also the

recombination index show an increasing series for the five species

studied ranging from the outbreedert 3. .ioppenaia'1 and j, aetnensie

with low values, to the inbreedera 3. viacosv 3. and i« vulgaris with

relatively high values. It is also of interest to note that of the

seven species under study the species at the outbreeding end of the

range such as 3. .ioppensia, 3. aetnensis and 3. analidua have h&ploid

number of n»10 whereas the inbreeding species 3. viacosua , ;« lividua,

3. vulgaris and 3. s.ylvaticua are polyploids with n»20.

1
ee appendix I for further data on this species.
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IV. GENERAL DISCUSSION

With an outbreeding species one might anticipate that a comparison

of progeny derived from self- versus cross—pollination would show

"normal" variability in the outcroased plants and perhaps some

depression of vigour in selfed plants. In a second generation of

such outcrossed and selfed plants one would expect the inbreeding

depression in selfed plants to be more marked, whilst the variability

of the outcrossed progeny should continue more or less unchanged. It

should be noted that the lowered vigour, in terms of plant size,

flower and seed production, of the selfed progeny may have the effect

of increasing to total variability found within the selfed families.

In contrast, for regularly inbreeding species, one might

anticipate that a comparison of first generation selfed- and crossed

progeny would show the reverse situation, with the selfed progeny

having "normal" variability and the outcrossed progeny showing

increased growth, fertility, etc. due to hybrid vigour. In a second

generation one would expect the outcrossed plants to be more variable

(i.e. more heterogeneous) due to recombination effects, whilst the

variability of the selfed progeny should remain more or Iqsb unchanged.

These broad generalisations are based on two ideas which are

current in the literatures (1) The effects of hybrid vigour versus

inbreeding depression, and (2) the ability of hybrids between more or

less homozygous lines to recombine genomes to give a wide spectrum of

segregate progeny.

The phenomena of heterozygote vigour or heterosis has been

widely reported to occur in plants, but the genetical-physiological

basis for it is still incompletely understood. Thus, single gene

heterosis has been reported in dea mays (dchuler, 1954)» barley

(Hagberg, 1953)« and heterozygote effects have also been reported in



60.

lima bean (Allard, 1965) and Avena fatua (Jain and Marsnall, 1967).

The general effect is that paired combinations of dissimilar alleles

may lead to greater productiveness than is achieved by either

homozygota? the heter©zygote then exceeds the mean of the corresponding

homozygotes for soma measurable phenotypic character like size, weight,

vigour, seed output (Grant, 1964)-

Two main theories have been put forward to explain heterosis

effects: One opinion, as for example susanarised by Matbar (1956)»

holds that heterosis must be a property of certain polygenic

combinations acting together. On this view, it is the balance of

genes within a heterozygous outbreeding population, arrived at by

natural selection, which is the most important element in determining

heterozygote superiority, and also depression effects in selfed,

relatively homozygous plants. The alternative theory of single gene

heterosis or "ovsrdominance" proposes that heterozygosity for single

genes, i.e. dissimilar alleles at the loci on the homologous

chromosomes "may have an enhancing affect on the development and

functioning of the phenotype" (Grant 1964). Grant and other

supporters of the single gene heterosis theory eito studies such as

those on barley (Hagberg, 1953) where heterosis was detected in F1

hybrids heterozygous for a single gene but homozygous for the other

genes of the complement. However, Mather (loc. cit.) and Jinks

(1955) suggest that in studies on hybrid vigour it is not easy to

distinguish single gene effects from interaction between non—allelic

genes.

The related phenomenon of "inbreeding depression", where the

progeny of self-fertilised plants may show diminished vigour,

reduction of seed set, etc. has been reported for a number of species?

many examples were given by Darwin (1876) but a notable example is the

situation described for inbred hea mays by Solbrig (1970). Again,
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the reasons why aelfing should result in lowered seed set are not

completely understood "but the main contributory factor is likiy to he

the effects of deleteriona recessive alleles which have to be expressed

in the homozygous state. For each salfed generation the number of

hoaoaygote loci will double, so that repeated selfing will normally

lead to more or less homozygous genotypes within relatively few

generations. Under these circumstances any recessive alleles, which

would normally be masked by the dominant allele in the haterozygote,

would be expressed and so would be likely to diminish the vigour of

the inbred plants. Any species which evolves as a successful

inbreeder must overcome this "inbreeding depression" barrier, and it

is possible that taxa which are regularly inbreeding have passed

through a previous stage of mixed outbreeding-inbreeding during which

the genotype was "oleansed" of deleterious recessive alleles.

When one attempts to interpret the results of the experiments

reported here against this theoretical background perhaps the most

striking features to emerge are, firstly, the lack of heterosis

effectB in the PI outorossed progeny, especially in the progeny of the

self-fertilising species} and secondly, the tendency for the aelfed

progeny to be more variable relative to the outcrossed progeny.

Thus, with perhaps one exception, in none of the Bix species

studied is there any clear-cut evidence that the first generation

outcrossed progeny have a marked hybrid superiority over the selfed

progeny in terms of e.g. plant height, capitula/floret number, seed

net and dry weight. The possible exception is S. aetnenais where

the (incomplete) data for early onset of flowering suggests that in

this species the outcrossed progeny have a considerable advantage over

selfed progeny. If this pattern were repeated under field conditions

one could envisage that outcroased plants would maintain a marked
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superiority over selfed plants by means of earlier flowering and

earlier seed set and consequent occupation of available seed niches.

However, if 3. aetnensis is a largely outbreeding species, then

heterosis effects should be minimal and perhaps the poor flowering

performance of the selfed progeny should be attributed to "inbreeding

depression".

With 5. scrualidus. which may show a mixture of inbreeding and

outbreeding, one should perhaps not expect any marked heterosis or

inbreeding effects. The results for the comparisons of F1 selfed and

outcrossed progeny for this species are to some extent in agreement

with this view, although the significantly higher dry weight of the

selfed progeny in the field trial plants is an exception. It is

interesting to note that in the data for the second generation selfed

and out crossed progeny which are also available for 3. sc.ualidua the

outcrossed progeny do show significantly higher mean values for

characters such as dry weight, height, date of first flowering, number

of capitula per plant. In this oas® it does seem likely that outbred

progeny have a selective advantage over the selfed progeny.

However, of mors interest is the general absence of heterosis

effects in the selfing species. According to one current theory

facultatively inbreeding plants maintain a level of heterozygosity by

means of occasional outcrosses, 3ut in order to make an impact on

the heterozygosity of the population, the progeny of the relatively

few outbred plants must contribute disproportionately to the next

generation by means of "hybrid superiority" such that, for example,

they set a 1 rger number of seeds (see Solbrig 1970 p. 70). On this

view, it is in just those oenecio species which appear to be inbreeders

that one could expect to detect most marked heterosis effects and yet

in the present study there is very little evidence that Buch "hybrid

superiority" exists in the F1 outcrossed progeny of 3, visoosuo,
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3. lividus, .3. vulgaris and 3, aylvaticua.

In this context, one factor which could affect the results of

any programme of experimental pollination studies with an inbreeding

species needs to be considered. It is not known whether any method

of sampling waa used when the seeds were originally gathered from wild

populations by collectors who contribute to the Botanic Gardens

Exchange scheme. Thus, if seeding heads were collected 3om only a

few, or even possibly from a single plant of a regularly self-

fertilising species, then the glass house sample grown from such seed

could represent a fairly homozygous group at the outset. Any

experimental cross—pollinations between such plants would not result

in as highly heterozygous progeny as might otherwise be expected.

This possibility might explain the lack of heterosis effects observed

in the outcrossed progeny of the inbreeding speoies.

But, another aspect of the results reported here is the tendency

of the selfed progeny to show greater variability in comparison with

the outcrossed progeny. Again, these results do not fit the general

theory outlined above. It would be possible to explain the greater

variability of the selfed progeny of 3, aetnenais. and perhaps

3. scualidus also, in terms of differences between plants which are

suffering from the effects of inbreeding depression due to various

(different) combinations of homozygous deleterious alleles. But

thi3 explanation should not apply to the inbreeding taxa such as

3. vulgaris. 3. lividua etc., where, if selfing is the normal mode of

reproduction, and consequently the plants are to a large extent

homozygous, it is difficult to see why the selfed progeny should be

more variable than the outcrossed progeny. One possible explanation

whioh would account for variability in such selfed plants is that the

original parental plants although largely inbreeding in their mode of

reproduction, nevertheless, contained a degree of heterozygosity. As



64.

a conB€KTuance of selfing such plants greater variability could be

produced in the progeny due to the effects of greater homozygosity.

In this cose the variability would result from the increased level of

homozygous alleles rather than any "inbreeding depression" affects,

since presumably, in a regularly inbreeding species, such deleterious

recessive alleles would have been largely eliminated from the genome.

Unfortunately, the two explanations which have been put forward

above, one to explain lack heterosis effects in outcrosBed progeny

on the basis of relatively high homozygosity of the parental plants,

and the other to account for the variability of the selfed progeny in

terms of residual heterozygosity in the parental plants, are clearly

mutually contradictory. Of these explanations, the possible

homozygosity of the seed source seems to be the least likely. It does

not account for the slightly higher variability of the selfed progeny

which occurs even in 3. aetnenaia. a species presumed to be outbreeding,

and also in d. scualidus. which is probably a relatively outbreeding

speeie3, and for which the seeds used in these experimental studies are

known to have been sampled in a more or less random way from a fairly

large population.

It seems reasonable to conclude, therefore, that the lack of

marked "hybrid vigour" effects in the outcrossed progeny and the

greater variability of the selfed progeny shown in the present study

are significant results which need further consideration.

In fact, there are a number of publications, which support the

kind of results which were obtained in this study. Thus, Mather

(1956), in a classic review of the genetic basis of heterosis, pointed

out that heterosis effects are a regular property of hybrids only in

naturally outbreeding species, and that in inbreeding species they do

not always exceed the more or less homozygous parental lines in

vigour. However, Mather (loc. cit.) continues, "In other words,
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heterosis is an essential part of the system only in naturally

outbreeding species, inbreeders come into being and survive not

because they can tolerate inbreeding depression but because it either

does not occur in them, or at least is of an insignificant magnitude."

Whilst the latter part of thiB statement is readily comprehensible, it

is difficult to see how hybrid vigour oan be a component of a regularly

outbreeding species. In such species outcrossing, and consequently

genie heterozygosity, would be the normal situation, and "hybrid

vigour", if the phenomenon exists, would make little effect. In

order to understand the view put forward by Mather it is necessary to

study the development of ideas concerning heterosis.

Darwin, in his original studies on the effects of cross- and self-

fertilisation simply compared outcrossod with selfed progeny, and he

noted that for a number of Bpecies, e.g. L-inaria vulgaris. Dianthus

csryophyllus. the outcrossed progeny were taller and more vigorous

than the selfed progeny. This was a comparison of progenies, and it

is not known whether in these species, which are largely self-sterile

(Whitehouse 1959 P« 228), the outcrossed progeny were more "vigorous"

than the original, presumably outcrossed, parental plants. The

comparative vigour of the outcrossed progeny in Lin ria which so

surprised Darwin\ could equally have been due to the relatively

depressed growth of the selfed progeny. In fact, Darwin himself

subsequently emphasised this aspect when he discussed the results of

the crossed and selfed progeny of Pianthue caryonhyllus; "Nevertheless,

"To my surprise, the crossed plants when fully grown were plainly

taller and more vigorous than the self-fertilised ones", and

"It seemed, therefore quite incredible that the difference

between the two beds of seedlings could have been due to a single

act of self-fertilisation" (Darwin 1870 p. 9)«
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the self-fertilised seedlings ware plainly inferior in height and

vigour to the crossed". Darwin observed similar differences in

vigour, i.e. height, weight and fertility, for a number of other

species including soma self-compatible taxa such as I'iiaulue luteua

and Ioomoea purpurea but he also failed to obtain striking differences

between selfed and outcroased progeny for a number of inbreeding

species such as llama sativum. Lath-mis odoratua and Ophr.ya aoifora.

The concept of "hybrid vigour" or "heterosis" stems from the

classic studies on Lea mars by Last and collaborators. Thee®

workers discovered that if inbred lines of maiae (which is a

monoecious and naturally outcrossing species) were crossed, the P1

progeny were exceptionally vigorous in comparison with the parental

strains. Further studies, (e.g. Hagberg 1953) showed that such

vigour could be achieved with single allele heteroaygotea, and this

work led to the theory of "overdominance" or "single gene heterosis".

As a consequence, a number of American workers (e.g. Allard 19^5,

Solbrig 1970) have porhape tended to overemphasise the importance of

hybrid vigour (i.e. the concept that outcroased plants exceed selfed

parental lines in performance) as a mechanism which controls or

maintains heterozygosity in natural inbreeding populations.

It ia likely therefore, that "hybrid vigour" as a phenomenon

within outbreeding species only occurs when such taxa arc inbred, and

then subsequently outcrossed; in a sense, such hybrid vigour is a

release from the relative effects of inbreeding depression. The

phenomenon does not occur as a general property of inbreeding species

since such taxa would be largely free from inbreeding depression.

The greater variability in the selfed vs. outcrosaed progeny of the

lanecio speoias which was found in this project also has a parallel

in some published studies. Thus, Liveeay (1930) found that inbred

strains of rats ware more variable in body v.'eight than the offspring
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of a cross between the strains, Rees and Thompson (1956) found that

heterozygotes in rye showed less variability in chiasms frecuency than

homozygotes, More recently, Jones (1971) compared the variability in

seme natural (and therefore possibly outcrossod) populations with that

of experimentally bagged solfed populations of Ar bidopsis thaliona.

and she also found higher variances in several samples of selfod

plants.

T possible explanations exist for these results. Firstly, as

already noted, it is possible that even though the ^enaclo species

under study were largely inbreeding, there may still exist sufficient

residual heterozygosity for selfing to produce progeny which show the

effects of homozygous alleles in comparison with outcrossed progeny.

A second possibility lies in the phenomenon of greater internal

stability or homeostasis which seems to be exhibited by heterozygotes,

or rather the relative lack of such stability in inbred plants.

Several authors, e.g. Mather (1953), Lerner (1954) and Mitchie and

McLaren (1955)» Jinks and Mather (1955) have emphasised this aspect

and have attempted to link it with heterosis phenomena.

In the present study it is not possible to determine which of

these effects may be responsible for the greater variability of the

aelfed va, outcrossed progeny.

In conclusion, therefore, our ideas concerning the role of

inbreeding in flowering plants have advanced considerably since

Darwin's studies. Many species are now known to be regularly

autogamous and yet highly successful. The selfing experiments reported

here with several 'lenecio species show that with such inbreodero the

consequences of selfing are relatively slight and in any one generation

at least salfing does not affect fertility. But, as Stebbins (1967)
and other authors have emphasised, repeated selfing would lead to

more or less complete homozygosity and loss of evolutionary flexibility.
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Host authors accept that in order to retain their success, inbreeding

taxa need to maintain a level of heterozygosity by various means, e.g.

popyploidy, duplication of gene loci, high chiasm frequencies,

(Baker 1965» Stabbins 1957)t but principally by occasional outcrossing.

The mechanisms which regulate both the amount of outcrossing which

occurs in any one inbreeding population system, and also how the

benefits of such presumably low levels of occasional outcrossing are

districted in subsequent generations, are still very incompletely

understood and are the subject of current research by a number of workers.

Various theoretical models are currently under investigation, such as

frequency dependent selection favouring rarer genotypes (Jain,

Marshall and "tfu ?970) or ecological mosaicism and multiple niche

selection, (Lav/is, 1951 \ Jain et.al. loc. pit.). It would seem,

however, that the concept of hybrid vigour as a general mechanism

which gives enhanced fertility to the progeny of occasional cross-

fertilised plants in normally inbreeding populations is an

oversimplification.
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A study has boen made of the breeding systems of six species of

Senaoio (l. aatnanaia Jan., % lividu:; L., 3. sirualidua L.,

3. 3ylvaticu3 L., 3, yisoos-.ta L. and 3, vulgaris L.) in terms of

their floral biology and ability to set selfed seed.

A distinct correlation exists between the degree of floral

conspicuousnees (width of capitulum, number of florets) and pollen

output and aelfing ability. The species with most resistance to

selfing such as 5. aetnansig arid 3. scualidus have showy capitula

and high pollen count3, whilst species which readily set self seed

have relatively inconspicuous oapitula and low pollen yields.

Cytological data, although incomplete, suggests that chiasraa

frequency is also correlated with the breeding system} the

species which show a facility for selfing have relatively high

chiasm* frequencies.

A comparison of aelfed and outcrossed progeny for each species

showed little difference in performance except for one species,

3, aatnenaia where the selfed progeny had diminished vigour.

Particularly notable was the lack of hybrid vigour effects in the

outcrossed progeny of the inbreeding species, and the overall

greater variability of tha aelfed progeny.

A comparison of aolfed and outcrossed progeny was made for the

one species 3. gcualidua and in this case tha outcrossed progeny

showed an overall tendency for greater vigour.
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6. The absence of heterosis effects in the outcrosaed progeny of

the selfing species ia discussed in terms of current ideas on the

role of hybrid vigour in maintaining a level of heterozygosity in

inbreeding species.

7. It is suggested that the ooncept that the progeny which result

from occasional outcrosses within predominantly self-fertilising

species are able to contribute disproportionately to successive

generations by means of increased vigour, higher seed set etc.

has been overemphasised. The means by which outcrossed individuals

help to maintain heterozygosity in inbreeding populations are more

complex and in need of much further investigation.
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Appendix

Senecio .ioppenajs Dinsm., a rather fleshy annual up to 60 cm with

regularly branched, stems. Capitula numerous in a laz corymb 2«201.
Maritime sands, Israel.

Seed source» Hebrew University of Jerusalem (Philistian plain).

I. CG0TROLL3D POLLINATIONS

Table 1A. Untreated capitula

Number of capitula untreated 56

Number of capitula with no seed set 52

Average seed set in remaining capitala 4

Range 2-6

Table 2A, Capitula emasculated and left: control of emasculation
technique

Mumber of capitula emasculated and left 15

Number of capitula with no seed set 14

Seed set in remaining capitulum 3

Unpublished count by C. Kiln®



Table 3&. Capitula emasculated and self-pollinated
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Number of capitula emasculated and selfed 13

•lumber of capitula with 0-10 seeds 9

Number of capitula with 11—20 seeds 3

Number of capitula with more than 20 seeds1 1

Average seed set 9.76

Rang* 0-64

Table 4A. Capitula, emasculated and cross-pollinated

Number of capitula emasculated and crossed 11

Number of capitula with 21-30 seeds 2

Number of capitula with 31-^0 seedt 3

Number of capitula with 41-50 seeds 0

Number of capitula with 51-60 seeds 3

Number of capitula with 61—70 seeds 0

Number of capitula with 71-80 seeds 3

Average seed set 53.09

Range 23-95

1
A single (unbagged) capitulum produced a large number of seeds

in this experiment.
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Table 5A. Comparison of seed set in selfed and outcrossed plants

Crossed Selfed Significance

liean 53.09 9.76 sig.

Variance 637.09 301.02 not sig.

Coefficient of Variation 49.39 177.59 sig.

Table 6A. Comparison of seed sat in outcrossed and untreated
capitula

Crossed Untreated Significance

Mean 53.09 0.23 not applic.

Variance 637.09 1.26 sig.

Coefficient of Variation 49.39 393.24 sig.

Table 7A. Comparison of seed eat in salfed and untreated capitula

Selfed Untreated Significance

Kean 9.76 0.28 not applic.

Variance 301.02 1.26 sig.

Coefficient of Variation 177.59 393.24 aig.
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Table 3A. Percentage of seed set baaed on total number of florets

Number of disc florets 120.10

bead set 53.09

Percentage seed set 44.20

Total number of florets 134.44

Percentage seed set 39.43

II. POLLEN CCUNTS AND CAPITULA SIZE

Table 9A.

Width of capitulura (ram) 31.60

Number of disc florets 120.10

Number of ray florets 14.34

Number of pollen grains per anther 427.20

IV. CHIASMA PHSOJSSCY (see Table 66)
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These results show that seed set in outcrossod capitula is

significantly higher than in selfed capitula. Comparison of seed set

in untreated capitula with outcronsed capitula is not applicable.

It can be concluded that 5. ioppan, A a is (1) self-compatible

(2) that there is soma mechanism restricting selfing.

Again, the relatively conspicuous oapitula and high pollen yield

seems to correlate vith the breeding system of this species.
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Fig. 1. S. .joppensis Fig. 2. S. .joppensis

Metaphase: 3 rings, 7 rods Metaphase: 5 rings, 5 rods
> A''; /'

Fig. 3. S. aetnensis
Metaphase: 4 rings, 6 rods

Fig. 5. S. aetnensis

Metaphase: 5 rings, 5 rods



Fig. 5. S, squalidus
Metaphse: 4 rings, 6 rods

Fig. 6. S. squalidus
Metaphase: 3 rings, 7 rods
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Fig. 7. S, viscosus

Metaphase: 6 rings, 14 rods

Fig. 8. S. viscosus
Metaphse: 6 rings, 14 rods

Fig. 9. S. vulgaris "var. radiatus"
Metaphase: 14 rings, 6 rods



Plate 1. J. .joppensis, metaphase: 3 rings, 7 rods
Plate 2. ioopensis. metaphase: 5 rings, 5 rods
Plate 3. S. aetnensis. metaphase: 4 rings, 6 rods



 



Plate 4. S. aetnensis, metaphase: 5 rings, 5 rods
Plate 5. d. saualidus, metaphase: 4 rings, 6 rods
Plate 6. 5. anualidus. metaphase: 3 rings, 7 rods



 



Plate 7. 3. viscosus, metaphase: 6 rings, 14 rods
Plate 8. 3. viscosus, metaphase: 6 rings, 14 rods
Plate 9. vulgaris "var, raciiatus", nietaphase: 14 rings,

6 rods



 




