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UiTRODUCTION 

Strmvberr-y clover is already 'lell-eotabli nhed on many of' the 

wetter areao of' No ~ Zeal nd. In articular it is making a 

valuable contribution to the nroductivity or the once unGtable and 

unproductive coastal regions o!' both the North Island and South Island. 

It i s felt, ho, ever, thn t this clo •er co1 ld be used to 0ven 

greater udvantage in this country i f' morn seeu of o 11.igh prcduc ing 

strain could be made available to acri culture, economically. 

One of the major difficulties, h i n dering the development of' 

Strawberry clover has beon the low seed yields harvested, and for 

this reason the species has often been termed a "shy-seeder" 

(Ullmann,Kassel 1941, Gorman 1953). It is of' interest to note 

that \ 1th brad strains under Australian conditions, high seed­

yields have been obtained (Tlve r 1951.i-). 

Trif'olium f r agiferum is considered by ne"m3 aut horities t o be 

a self-fe rtile s ·ecics (Ullmann-Kassel 1941 • m. lliams 1931 • Tivar 1954). 

However, the presence of' incom"atibj lity, l1hi ch is known to occur 

throughout the genus Trifolium, ohould not be discounted end is a 

nossible reason f or t he low se~d- settine; recorded in this species . 

In homostyled s , ecies, incompatibility i s controlled by the single 

gene •s•, r:hich has n large number of alleles ( scars 1937). These 

allel es act in a way which. r>revents nollen tube :; w ich carry any 

one of them, from e;rowing do,m the . ·t ylo of, ond nfi'octing 

fertilization in, eny l ont car:cyinr.; t he rune nllele. I n 

incompatible pollination, pollen-tube c rou th is ~rohibited, but in 

compatible 0 >ol11ne.tion
1 
tube gr0\'1th is normal • 

The method of improving a crop may be determined only after its 

-normal mode of pollination and fertilization are understood. In 

homozygous self-fertilizing plants , the simple, pure-line method may 

be used. ln basically cross-fertilizing species, a mor•e ccmplex 

system of breeding must be adopted to maintain g.>od growth vigour 

on , f'e rtili ty. 

The aim of the ~resent work ,ms to obtain basic data on 9ome 

of the factors ..-,hich cause low seed- setting in th s srecios, and in I . '. 
nerticular tho degree of self- and c·ro::rn-fort:l.lity thnt exists . 

Factorc other than incompati bi 11 ty arc lmown to ai'fect seed 

yiolclS in paoture l e gumes ru1d these er e ui ocusse~A~~i~n6
~ 0 f~~!e 
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2. 

BACYGR0UND. 

1. Description of the Species. 

Tr~olium fragiferum Linn. is a ~erennial clover of haploid 

chromosome number, 8. (Ullmann-Kassel 1941). 

Veget atively, the species resembles !!:lfolium repens, (see 

photograph 1) but Strawberry clover has a coarser l eaf veination 

and has more oval-shaped leaflets. The leaflets of strawberry 

Photograph 1,showing T. fragiferum and T. repens 1n flower. 

The rounded flowerheads of T. fragiferum are 1 .o cm. to 1.5 cm. 

long. These heads often have pink colouration. The florets are 

on short stems and from 5.0 nm. to 7.0 mm. long. 

After fert i lization t he calyces expand and form a papery 

bladder around the ithering petals and s t yle ( see photograph 2 ). 

These exnanded calyces allo~ the seedhead to floa t upon ,at er and 

under natural conditions this may assist in seed dispersal. 

In the present work it was found that only the calyces on 

florets which had set see d became enlarged to any extent (see 

photographs 4, 5 and 6, pagesV.,25). Expansion of the calyces was 

usually obvious a day or t wo after pollination, and t his was used to 

detect which florets had se t seed. Atwood (1940 p . 995) noted a 

similar response after fertil izat ion in r•ili te clover . 



Photograph 2. Seedhead from Clone No. 34 showing the 
expanded calyces on fertilized ovaries on the lower part 
of the head. The florets on the upper port i on were not 
tripped and did not set seed. 

The pods may contain one or two shiny, oval-shaped seeds of 

yellow or brown colouration. The length of a seed may be 1.25 mm 

to 2.0 mm, the Width 1.2 mm to 1.5 mm and the diameter 0.95 nm to 1.0 mm, 

The seeds of T. fragiferum, like those of other species of the 

family WYm!noseae are hard when rine. Howe~er, if the heads fall 

into water when the see ds are mature but not fully ripened, (Hyde 1950) 

they will germinate and grow immediately . Hyde found the same 

phenomenon occurred in mature but unripened white clover seed. 

2. Distribution of the Species. 

According to Ullmarm-Kassel (19~1) the species probably originated 

in Southern Euro~e. It spread from coastal regions of the Black Sea 

over most of Europe, with the exceDtion of the mountain regions of 

northern Scandinavia. 

Strawberry clover is now well establi shed in Asia Minor, North 

Af'rica, East Africa , Malta , the Canary Islands and t he island of 

Madeira. 

The species was t aken ·oy ship fran Europe to the United States, 

Argentine, Australia and New Zealand. 



3. Habitat. 
A remarkable feature of strawberry clover is its wide range 

of habitat. It will thrive on heavy or light soils• on rich 

fertile loams or waterlogged, swampy land. Plants or the species 

are known to tolerate high salt concentration. Ahi and Powers 

(1938) found the degree of tolerance was related to temperature, 

moisture content of the soil and type, quantity and dispersion 

of the salts present. 

The species will also survive in soils of high alkalinity, 

(Tiver 1954, Ullmann 1 941) and withstands long periods of 

inundation. Ullmann describes the species as being frost 

resistant and winter hardy. 

In Europe it' may be found growing at all altitudes from sea 

level to 4,000 feet. In New Zealand too 1this clover may be found 

in high country as well as lowlands. 

4o Place in Agriculture, 

Under most farming conditions, white clover is the more 

vigorous of the two clovers and will usually become dominant if 

the two are sown in the same sward. However, l.Dlder certain 

environmental conditions and in difficult soil types, strawberry 

clover will thrive where white clover will not. It is in these 

conditions that strawberry clover becomes of importance, either as 

a pioneer r lant or the dominant legume in permanent pasture. 

Tiver (1954) reports the increasing use of th~s species in 

irrigated pastures in Australia. 



REVIEW OF THE LITERATURE ON TRIFOLIUM FRAGIFERUMo 

Most of the data published on this species are of an 

ecological nature. 

w. Ulmann - Kassel (1941a) reviewed the literature up to 

the time of his writing, under the following headings, ecology, 

nomenclature, origin, distribution and botany of the species. 

In his second review article Ullmann - Kassel (1941b) discusses 

cultivation, seed production,varietal diffe:;..•ences, breeding, and 

the use of the species in· agriculture. Ullmann concluded that 

the species was a poor seed producer and that t his was its main 

disadvantage. 

However, Tiver {1954) reported that under conditions found in 

South Australia, strawberry clover r•as a "'rolific seed producing 

plant and that yields of up to 280 lb per ac1•e were obtained. 

Although no experimental evidence is given, Tiver states - "The 

flowers of strawberry clover are self-fertile, hence cross­

pollination is not necessary as is the case with red clover and 

white clover. Honey bees visit the flowers and it is considered 

that they assist in the movement of pollen to the stigma and may 

therefore be important in increasing seed yields." 

Williams {1931) in an experiment to determine the mode ot 

fertilisation of lesser known pasture legumes, tested eight plants 

of T. fragiferum grown from seed collected in Canterbury, New 

Zealand. Four of these nlants were isolated in a glasshouse 

and yielded 119 seeds from 17 heads. Another four plants were 

grown in the field. Two of these had their flowers protected 

from insects and 7 heads produced 246 seeds. The t wo remaining 

plants were left unprotected and from 13 heads, 230 seeds were 

harvested. Although no claims ,\ere made as to the exact de.gree 

of fertility, from the above, Williams concluded T, fragiferum 

was a spontaneously self-fertile species. 



6. 

REVIEW OF LITERATURE RELATING TO SELF- AND CROSS-FERTILITr 

IN OTITTJR PASTURE LEGUMES, 

To derive some indication as to the degree of self- and cross­

fertility which might be expected in T. fragiferum it is of interest 

to review work done with related species. 

Williams (1931),in his study of the lesser known species of 

Trifolium,concluded that all the voluntarily self-fertilizing species 

in his investigation were annuals with the exception ·of Trifolium 

fragiferum. 

With T1 repene, Williams found the species highly self-sterile 

in the absence of pollinating agents. However, when pollinated 

artificially there was a range of self-fertility, some individuals 

being highly self'-fert1le. He concluded that the species was more 

self-fertile than T. pratense. Atwood (1941) found individuals 

homozygous for self- comnatability in white clover. 

Reviewing the literature on Trifolium pratense,Williams (1925) 

stated that there was a Wide diversity of opinion as to the amount of 

·self-fertility in red clover and he concluded that although the 

evidence was strongly in favour of the view that red clover was not 

capable of affecting spontaneous self-fertilizat i on, the evidence was 

too contradictory to be conclusive. 

With Medicago sativa, Kirk and White (1933) in Canada found 

several autogamous plants which set seed fully without tripping. 

Pollination occurred in the early bud stage making the plants 

obligate self-fertilizers. Dwyer (1931) reports work to support this. 

Jenkin (1925) stated that cross-nollination is the natural mode or 
re~roduction in M. oativa though self-fertilization may take place to 

a ~onsi der able extent; Williams (1931) using a wide range of material 

came to the same conclusion as Jenkin. However, it is gem rally 

agreed that tripping does improve seed setting in M1 sativa, and 

that this may occur s nonteneously under certain conditions (Dwyer 19324 

Also many workers agree that a far greater amount or seed is set after 

crossing than after self-fertilization (Cooper & Brink 1940). Uf'er 

( 1933) sums up - "It is probable that t he biology of the lucerne 

flower is ecologically governed, and With the distribution c£ this plant 

over varied geographical regions, a segregation into sel1'-fert i lizing 



and cross-fe r tilized types has taken place." 

The work of Kirk and Stevenson (1931) supported by="Ufer (1931) 

indicates that populat i ons of' Melilotus species may be mixtures 

of self-fertilizing and cross-fertilizing individuals. Similarly 

Silow (1931) found self-fertile and self-incompatible plants in his 

sample of Lotus corniculatus. 

Stebbins (1957) put forward the hr,othesis that regularly 

self-fertilizing types of plants are deriv.3d from cross-fer·tilizing 

ancestors. He quotes the autogamous s pecies Trifol j um subterraneum 

with its papillionate flower as an example. I n Stebb ins' opinion, 

facultative self-fertilizing species are intermediate between 

self-incompatible ones and those which are regularly self-fertilized. 

He concludes that plants resort to self-pollination when conditi ons 

are unfavourable to crossing or o:f'ter long distance dispersal. 

Stebbins gives examples from the genera Bromus, Hordeum and Secale 

and the family Plumbaginaceae, where at +,he centre of greatest 

morphological diversity, the self-incompetible, cross-fertilizing 

specie s occur, whi le at the peripheral regions of distribution, 

self-fe rtilizing species occur. He believes that in cases of 

isolation, self-fertilization is ~avoured by natural selection and 

each successful biotype maintains itself as a pure-line. 

Summarizing the above, the evidence strongly supports the 

hypothesis that in certain widely-dispersed, perennial, herbaceous 

legumes, there may be a tendency for basically cross -fertilizing 

species to form self-fertilizing or f acultatively cross-fertilizing 

populations. 

In these autogarnous individuals two barriers to self- fert i lizatiarl 

appear to be overcome. The first is the necessary deposition of 

pollen on the stigma accomplish~d by (a) spontaneous tripping 

(Engelbert 1931, Dwyer 1932) or (b) by changes in flower morphology 

(Kirk and Stevenson 1931). The second 1s 1ncompat1 bili ty, overcome 

by t he dominance of the self-fer tility allele (Williams 1931, Silow 

1931, Rinke and Johnson 1941, Atwood 1941) or sane other mechanism, 

as ye t, not described. 



A REVIEW OF FACTORS AFFECTING SEED YIELD IN PASTURE LIDUMES. 

Factors influencing seed-production in herbaceous legumes are 

many and varied1both as regards time,and mode of action. Eaoh 

factor may act directly or indirectly upon the plant or crop and 

may a!'feet a single aspect of seed development or may exert its 

influence upon many of the stages between flower initiation and 

the formation of ripe seed. 

Seed yield is determined by the plant's genotype, environmental 

conditions, o r interaction between the two. 

The importance of each factor is governed by the number o~ 

individuals a!'fected, the result varying from a small reduction 

in seed yield to canplete f&ilure of the seed crop. 

Management of the crop is an important aspect of good seed 

yields but will not be discussed here. 

The headings bolov1 are very broa:l and there is often 

interrelationship between the factors discussed. 

1. CLIMATE. 

Many workers have stressed the importance of weather condit ions 

in relation to high seed yields (Martin 1914 and 1915, Williams 1931, 

Engelbert 1931 , Dwyer 1931 ) and they are considered to be the main 

cause of annual fluctuations in crop yields. 

The overall seasonal conditions have an effect upon the growth 

and re~roduction of the plants but each aspect of the climate may 

exert its own influence upon the various stages of reproduction. 

(a) Moistun, ' Martin (1915) fo,md with red clover that there was 

a critical set of moisture conditions requi~ed at the stigma before 

pollen germinated. Engelbert (1931) considered that lucerne pollen 

viability was adversely affected by excess moisture at the stigma and 

by high atmospheric humidity. She found that rainfall, soil 

moisture, thickness of the stand and temperature ~ere re l ated to 

this moisture balance. She also maintained that insufficient moisture 

caused ovule and seed abortion. Martin (1914) believed excess 

moisture also favoured ovule abortion. 



In lueerne, diffe1'8nt varieties are known to have dit'f'erent 

optimum moisture requirements for pollen germination (Hector), and 

strains with the most water resistant pollen produce most seed in 

wet years (En gelbert). 

(b) Temperature,. According to Engelbert and Dwyer high temperatures 

induce automatic tripping and pollinati on in lueerne. 

Sears ( 19.37) concluded that for each species t .1'.ere was an 

optimum temperature for pollen-tube growth and Martin (1914) showed 

that pollen-tubes grew faster and fertilizedthe ovule in shorter 

time in hot weather than at low temper atures. 

(c) Light . Herbaceous legumes flower in response to a definite 

photoperiod and set of temperature conditi ons. Wexelsen ( 1936) 

found there was an inherent variat i on in earlines s of flowering and 

length of flowering period. It is possible t hat flowering is i nduced 

at a period unsuitable f or high seed production or in extreme cases 

not at all. Care must ailllll9 be taken to ensure that the basic plants 

in a synthetic strain have similar peak flowering periods. 

2. FACTORS WHICH MAY AFFECT THE HEALTH OF THE PLANTS. 

Pathological conditions in t he plant as a whole or of the 

reproductive organs, animal predators, nutrient deficiencies, old 

age or inherent l ack of vi gour will all adve rsely affect seed yields. 

3. POLLINATION . 

In autogamous plants any mechanism assisting pollen to t he stigina 

will help increase seed-setting. In self-incompatible plants the 

deposition of foreign pollen on the sti~ is e ssential to normal seed 

development. 

(a) Flower Morpholoq. Hector de~cribes t he e xplosive mechanism or 

the legume flowe r which scatters pollen wJ,en triggered by insects. 
(!'f31) 

Kirk and Rtevenson~found seven floral characteristics in 

Melilotus alba which aid i n self-pollination wit hout trinp1ng. 

Coffman, quoted by Hector, f ound that 1n lucerne, pollen dehi s cence 

ofton took place in the early bud stage, the pollen being forced up 

the keel to t he stigma. Fertilization could thus take place before 

tripping depending on the self-oomnatibility of the plant and the 

receptivity of the stisma. Also in white clover (Hector) and red 

clover (Martin 1913) the anthers may dehisoe early, even in the bud 
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stage. Willia.ms (1931) obtained a slight increase in selt'-fertility 

by selt'ing unopened florets of red clover. Sears (1937) quotes 

workers who found viable seed could be obtained from selt'-incompatible 

plants, (these vere not Leguminoseae), by self-pollination in the 

bud stage. This may be the result of apomixis , stimulated by 

pollen-tube growth or perhaps this is a method of ensuring some seed 

is set in self'-incompatible plants in case cross-pollination does not 

occur. Perhaps only a small amount of seed, if aey, is set after 

selt'-pollinati~n in the bud, the bulk of the seed being set after 

cross-pollination. 

Hector concluded that in lucerne in both highly self-compatible 

and incompatible plants, fertilization did not occur in untripped 

flowers despite the presence of pollen on the stigma. It was found 

that tripping lucerne flowers ruptured a fine menbrane over the stie,na 

and this allowed the pollen to germinate. Kirk and Stevenson ( I'!~ 1) 

confirmed this with 1!2ll~ species where ncarifi r.ation of the stigma 

greatly increased seed setting. These workers suggest that under 

natural conditions insects may rupture this stigmatic membrane wit h 

their bodies. Other workers have noted that inhibition of pollen 

germination may be overcome by tripping, (Silow (1931) with Lotus 

uliginosus, Atwood (1931) with T1 renens). 

It would appear that tripping,either automatically or by insects, 

besides carrying pollen to the stigma, renders the stisma receptive 

to pollen germinati on by rupturing a covering membrane. This 

apparently is not necessary in highly autogamous plants where floral 

morphology aids pollen tran~fer to the stigma and incompatibility is 

not present. Pollination .in the bud stage may be resnonsible for 

pseudo- self-fertility in some self-incompatible individuals (Sears 1937) 

(b) Insect Pollinators. Basically the legume flower is adapted to 
ti..01.-+ 

insect cross-pollination. 
th.e.. 

I t is thought the Leguminoseae and 
/\ 

members of Lenidoptera 
/\ 

and H:ymenoptera hav e evolved together. 

The importance of insects in cross-pollination has been Jmown 

since the time of Darwin. 
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Wild bee populations tend to be unstable and are not usually 

dependable for cont inuous high seed yields. There is no apparent 

relationshi p b et ween date of flowering of a s pecies)auch as red 

clover, and t he number of i nsects about (Todd and Vansell 1952) 

(F.A.O. Report 1953). 

Akerberg (1952) maintained that attemnts to increase wild bee 

popula tions had, on the whole, not been successful. 

The problem of obtaining opt1muir. useful insect populations on 

seed crops at peak flowering, has, in some instances, been solved by 

crowding honeybee hives onto the cropping area at t his period 

(F.A.O. Report 1953). 

4. INTERNAL FACTORS . 

(a) Floral abnormalities, These are usually the result of recessive 

factors which become apparent after inbreeding and give rise to such 

characters as small untrippable floral envelopes, double styles or 

ovaries in each floret,and non-dehiecing anthers (Hector) (Engelbert 

1931 } • 

Only a few individuals in a popul ation may be homozygous far these 

characters, and these plants, if self-incompatible, may be able to 

reproduce only in rare circumstances. 

(b) Sterility. This may b e defined as the partial or complete 

suppression of the reproductive organs and the failure of gamete 

formation. , 
Is· 

The formation or non-viable pollen and ovules aa!.e usually the 
,\ 

result of chromosomal abnonru:.lities or heritable factors (mutant 

recessives). However, environmental factors may also exert an 

influence upon gamete for roo.tion. 

(c) Incompat1billt;'{. This is any hindr ance to the normal fus i on of 

gametic nuclei within a re6-ul a r mating gr ou~ , e. cept when f usi on is 

prevented by a def'ect of the nucleus 1 tself. Inoanpatibility is 

always gere tically determined but may be influenced 1n eXI)ression 

by environmental conditions. It is _a physi ological barrier between 

pollination and rertilization. Two plants may be entirely self'­

i ncompatible but reciprocal ly fertile, ther9f'ore there is no 

abnormality in development, merely a functional limitation. 

East and Park ( 19_17} :f'1rst studied incompatibility in Nicoi:'39";\ 
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and concluded that it was inherited by definite combinativns of 

transmissible factors. Prell in 1921 first put forward the 

oppositional factor hy-pothesis~ 

Sears (1937) and Lewis (1954) reviewed work done on incompatibility 

and gave classifications of the various forms. 
t~o,.t-

Williams (1931) and Silow (1931) concludedAthe nulliber of alleles 

conditioning incompatibility in the legume s pecies they etudied was 

extensive. 

East and Park found that in some incompatible plants they studied 

there was a slight but temporary increase in self-fertility late in 

the flowering season. This phenomenon they termed end-of-season 

pseudo- self-fertility. Lewis (1942) concluded that altering the 

temperature could induce self-fertilization in incompatible plants 

and Emerson (1938) found that incompatibility in Oenothera organensis 

could be overcome to some extent by placing the plants in the dark. 

Correns in 1912 is believed to be the first to propose that 

incompatibility was due to the inhibitive action of the stylar tissue 

on the pollen. Martin in 1913 concluded that incomnatibili ty in 

Ti£if'oJ,ium pratense was due to slow pollen tube growth. 

Silow (1931) (red clover) found no dif'f'erence in pollen 

germination on the style after compatible and incanpatible pollination. 

He observed that the majority of pollen tubes, both compatible and 

incompatible, grew only a short distance into the style. Only about 

3 or 4 passed beyond this point of interference. Silow found no 

evidence of the anomalous tube growth reported in species of other 

families (Sears 1937). 

The point of retardation of incompatible tubes was considerably 

beyond the point where the majority of pollen tubes ceased to grow, 

and at a point about half-way nown the length of the style. Atwood 

(1941) (white clover) reported that inhibition of incompatible pollen 

tubes took place after the· had grown through approximately three­

quarters of the style length. 



Pande (1954-55) supported the cvnclusions of Atwood and Silow, 

finding that the "interference zone" and the "incompatibility zone" 

were closer together in T1 repens than in T, pratenee. He observed 

that the ma1n difference between the tw,:, clovers was the nurooer of' 

compatible tubes which grew beyond the interference zone, only a few 

(3 or 4) were found in red clover whereas in white clover a greater 

number grew beyond this p->int. Pande found in red clover that the 

ends of the pollen tubes in the "interference zone" v:ere directed 

back up the style. 

(d) <>nJ.e abortion, Usually many more owles are formed in the ovary 

of' pasture legumes than there are seeds set per pod. 

Martin (1914) and Engelbert (1931) concluded that environmental 

conditions infl uenced ovule abortion, but there was variation between 

plant s in response t o these. 

Atwood (1940) f ound with white clover that the number of seed~ 

set per flower in incompatible crosses could be related to the number 

of ovules produced, and that this character appeared to be inherited. 

Cooper and Brink ( 1940) working w1 th 1 ucerne, found that the 

ovules nearer the style tended to be fertilized more Qf'ten than those 

occupying positions further along the pod towards the stem. Pollen-

tubes often failed to reach these basal ovules. They found that 

abortion of normal ovules was common in lucerne and that many ovules 

remain unf'ert1l1zed even when pollen tubes we r e near t~e. micropyles. 

( e) Embeyo Abortions. Engelbert (1931) consid~red that small 

abnormal seeds were the result of inadequate nutrient supply at the 

stage of rapid embryo g~owth inmediately after fertilization {Hyde 1950). 

Williams (1931) however, believed these seeds were the result or 

apomictic development. Cooper and Brink {1940) show.ed that 34.li% of' 

their inbred lucerne embryos and endosperms collapsed withi,n 6 days 

after fertilization. However, after cross-pollination only 7.1% Gf 

the hybrid embryos colla~sed. These workers concluded that the 

higher survival following crossing was the result of more active 

growth of the hybrid endosperm. 

Small abnormal seeds may therefore be tb:3 result of a number of' 

factorst- poor nutrition, apomixis, chromosal abnormalities, lethal 

factors end lack of vigour of inbred endosperm end embryo. 
f . 



MATERIALS AND METHOD. 

As a starting point in the iJllJ)rovement of seed yield end 

agronomic merit of strawberry clover it was decided to study plants 

from regions of New Zealand 1n which the species was already well-

established. It was hoped that the results would show Why seed 

yields were relatively so low in this country and also be a guide 

as to the possible use of local ecotypes as a basis for breeding work. 

Fifty-four plants were gro,m from seed collected from the 

various habitats listed in Table 1. Twelve plants ·1ere grown from 

the seed of two Australian commercial lines , "Pa+estine" and 

"O t Connors". The following table gives the locality from which 

the seed wae collected and the experimental number allotted to the 

plants from these localit1es:-

'!'able 1. 

District or Strain and Habitat. 

North Island. 

Dargaville, North Auckland (Low lying) 
Aoroa, North Auckland (Rive r :t'lats) 
Kopaurahi , Hauraki Plains {'Peat Swamp) 
Ngatea, Hauraki Plains ( Peat Swamp) 
Raglan• Auckland (Coastal) 
Wairoa, HaWkes Bay (River flats) 
Haumoana, Hawkes Bay (Coastal) 
Hastings, Hawkes Bay (Lagoon area) 
Flook House, Bulls, Wellington (Coastal ) 
Himatangi, Wellington (Coastal) 

South Island. 

Lat1 tude Plant 
(anprox)Q Numbers 

Allotted. 

45, 46, 47 
63, 64, 65 
57, 58, 59 
60, 61, 62 
4, 5, 6 
1, 2, 3 

54, 55, 56 
l9, 40, 41 
22, 23, 24 
33, 34, 35 

Nelson (Coastal swamp) 
Blenheim (sown with Australian seed) 
Kaiapoi, Canterbury (Coastal) 

41 ° 15' 
(River fi.fm) 41 ° 301 

43° 22• 
43° 45' 

19, 20, 21 
51, 52, 53 
42 , 43, 44 
25, 26, 27 
28, 29, 30 

Lake Ellesmere, Canterbury (Lake side) 
" " ff It " 
n " n n " Oamaru, North Otago (Limestone washings ) 

Ome.kau, Central Otago (sown with seed from 
(Ellesmere) 

. Australian CoillIIBrcial Lines . 

O'Connor's strain 
If " 

Palestine strain 
" " 

" n 

" " 45° 5' 
45° 5' 

7, 8, 9 
31, 32, 66 
10,11,12 

13, 14, 15 
16, 17, 18 
36, 37, 38 
48, 49, 50 



As can be seen from the table, three plants from each locality 

were used, excepting Lake Ellesmere, from which came nine plants 

and six plants from each of the Australian commercial lines. 

Data were required on (1) the degree of self- and cross­

fertility to be e xpected (2 ) other inhe rent f actors influencing low 

seed setting and (3) the importance of insects , especially b3es, 

as pollinating agents of this species. 

Five cuttings were taken from each of the plants, and planted 

in boxes on 24 October, 1957. Hereafter the plants will be 

referred to as clones and each plant of a clone, as a clonal 

propagule. When the clonal propagules were well rooted, they were 

transplanted into "six-inch" clay pots ( 19 November, 1957). 

The potted clones were kept in the open until just prior to 

the time of flowering. At this stage they were transferred to an 

insect-proof glasshouse. Gamexane bombs were used from time to 

time to destroy possible insect contaminants. 

The pots were spaced well apart in trays, filled to a dept:ti 

of li>out 2" with water. Under these conditions from the beginning 

of January 1958 most of the plants grew vigorously. However, some 

of the clones showed poor growth and appeared to be inherently 

non-vigorous. These clones later flowered poorly and many proved 

to be spontaneously self-fertilizing. 

The first floreta opened during the first week of January and 

23 of the clones had begtm to flower by 7 January 1958. The first 

florets of the last pl~nt to flower opened on 3 February 1958. 

The majority of clones continued to flower until mid-March. 

Selfing treatments were completed by the second week of }ebruary to 

avoid possible end-of-season pseudo- self-fertility. 

The unit of study was the individual floret. To obtain some 

idea of possible relative seed-yielding capacity 0£ each clone, 

counts were made of the number of seeds set in each ovary examined, 

the number of florets per raceme (at least ten heads were counted), 

and the total number of flower heads produ~ed by the five clonal 

propagules of each clone. 

As each flowerhead was formed and the lower florets were about 

to open, the head was allotted to one of the treatments described -----ti 
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l, rfe...-e "tl y 
below. Each treatment was distinguished from another by~ooloured 

pieces of wool tied around the stems. Two pots containing clonal 

propagules of each clone were kept in the gl asshouse and the 

flowerheads produced ·on these were used in the hand-crossing and 

-self1ng treatments. The reaain1ng three pots of clonal propagules 

we~e used in the treatments involving bees. 

A. Self1ng and Crossing Treatments. 

The sixty-six clones were to be self-pollinated,and cross­

pollinated with pollen from two other olones 1.n the group. 

Pollination was accomplished,1) artificially ~y hand and, 2) by 

bumble bees, Bombus terrestris workers, in cages. Some of the 

clones, however could not be subjected to both s elfing and crossing 

treatments because of indifferent flowering and/or selt'-fertilization 

early in floral development. 

The weak plants and those which were obviously not going to 

produce many flowerheads were placed in one group to be selfed and 

crossed. There were thirty-four of' these. The remaining thirty-

two were studied in greater detail in the second group. 

The reasons f'or using Bombus terrestris worker bees in this 

experiment were.1) They are efficient pollinators of' white clover 
"-'\.OI 

(Hadfield and Calder 1934). 2) They are numerous~ easy to catch 

and handle. 3) They will work and live a relatively long period in 

captivity. 

The techniques used in selfing and crossing were adaptations 

of those u~ed by Williams (1931) with red clover, white clover and 

lucerne. 

The thirty-two clones studied in detail were subjected to the 

following treatments. 

1. Self'ing without being tripped. 

These heads were left entirely alone, any seed set, being the 

result of' self-pollination and fertilization or else apomixis. 

2. Salting with tripping • 

(a) Rolling the head between the fingers and thumb. This was done 

on alternate days until the petals on the last florets to open had 

begun to wither. 



After the heads of' each plant had been treated in this way 

the fingers and thumb were dipped into 95% alcohol to destroy 

adhering pollen and thus avoid contamination (Silow, April 1931, 

p.234). 

(b) Selfing bJ tripping.using a pointed plastic rod. 

As each floret was tripped, it was marked on the stEllldard with 
tl ,, 

a small spot of' indian-ink, this clearly showed which of the florets 

had been treated (see photographs 2, 4,6). After the heads of 

any clone had c~an so treated, the rod was dipped in alcohol. 

Any florets thought to be pas·t the receptive stage were carefully 

removed with f' orceps. 

(e) Selfing with bees. 

The bees used in the eA-periment were caught in the field in 

test-tubes and washed free of' pollen with cotton-wool and water. 

One clonal propagule of' each of' the thirty-two clones was 

placed out-of-doors, inside a fine-mesh, wire cage 24" by 18" by 27" 

high, with a glass top. Two bees were kept in the c~ges at all 

tiims during the flowering period. As the bees died they were 

replaced by others. Altho:ugh the bees were fed on a syrup of 

sugar and water, each bee had to be replaced approxi;nately every 

three days. Some survived a week or more. 

Before being placed within the cages any unreceptive florets 

were removed. 

Trays of' water in the bottom of the cages ensured adequate 

watering. 

Crossing (Chain System)o 

Each of the thirty-two clones was crossed separately with two 

others in the group. There was no conscious selection of' which 

clones were to be crossed. The main problem be1 ·'tS to obtain two 

clonal propagule s for each cross to be made, with approximately the 

same number of' heads about to mature on each. 

(a) With Bees • . 

The procedure was the same as that described for selfing except 

that two pots, each containing one plant of the cross, were placed 

inside the cage. 

(b) By Hande 

Again two B. terreetr1s workers were used. 
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Attempts to emasculate the florets before crossing, were 

unsuccessful, mainly because pollen was usually shed at a very 

early stage of floral development. Efforts to remove the petals 

of the buds damaged the florets too much. 

method could not be used successfully. 

Kirk's suction pump 

The technique for hand crossing was as follows. A pointed 

plastic rod was inserted between the standards and keels of three 

florets on the head of one of the plants,after which pollen could 

usually be seen on the rod. The rod was then inserted into a 

similar number of florets on the second plant. The rod was then 

returned to the florets of the first plant. A mixture of pollen 

from the two plants was thus deposited on the stigmas of each 

plant of the cross. The amount of self-pollination to be expected 

could be judged from the results of the selfing treatments and the 

efficiency of the method could be found by comparison of seed-setting 

after the same cross had been made with bees. 

As each group of three florets had been pollinated a small 
II II 

spot of indian ink was deposited · on the standards (See photographs 

2,4). This indicated clearly which florets had been pollinated. 

The se dots were made by pressing against the standard, the tip of 

a capillary tube fitted to an eye-dropper and filled with ink. 

The marks could be seen clearly on the wi thered standard, months 

after seed had been set. 

To test the technique, one half of the florets on some heads 

were pollinated and the other half not treated. 

Only receptive florets were treated, and as each head in the 

cross was completed, a l abel sta ting the date of crossing, and the 

number of the pollen parent, was tied around the stem. 

The 34 clones not subjected to the t r e atments described above, 

were, where poss ible, (a) self-pollinated by rolling (b) crossed 

with two other plants with bees (c) left untreated to determine 

spontaneous self-fertilization. The method of crossing these 

clones was to place all three clonal propagules in the cage with 

two bees. i!e• a polycross. 

Seed Counting. After all the treatments had been completed, 



and the seed-heads bad ripened, the heads were harvested and 

pla ced 1~ labelled packets for e xamination l ater. 

Each pod on each head was examined separately and the number 

of viable seeds, abnormal seeds and two-seeded pods were recorded. 

Ancillary Studies, 

1. Pollen Viability. 

Pollen grains of T. fragiferum were found to germinate and 

grow readily in 15% sucrose solution at 25°c. Small and shrunken 

grains did n~t germinate. 

Pollen viability counts were made as follows. Three receptive 

florets were taken at random from two flowerheads. All the 

anthers were gently pressed into a drop of dilute alcohol on a 

microscope slide. The anthers were agitated to release the grains 

which were then spread over the slide. The slide was warmed, 

evaporating the alcohol and a drop of molten gelatine containing 

basic fuschin was spread over the grains. A cover slip was then 

gently applied (this technique is used at Grasslands Division, 

Department of Scientific and Industrial Research, Palrderston NorthJ. 

Only the large rounded grains were counted as viable 

(See photographs 7 and 8). 

2. Pollen Tube Growth. 

An attempt was made to determine the region of inhibiti on or 

retardation of pollen tubes af'ter i ncompatible pollination, (selfing). · 

The place of inhibition has been described in other species of 

Trifolium by Silow (1931 p.228) At wood (1941) and Pande (1954- 55). 

The techniques adopted were those described in The Microtomist's 

Vad_ri,ecum and by Silow (1931), Darlington and La Cour, Esser (1955) 

and Dionne and Spicer (1958). 

Dionne and Spicer reported that of a numbor of standard 

techniques tried, none proved satisfactory for their material. 

The writer used various fixitives, hydrolysing agents end 

stains, without successfully tracing pollen-tube growth beyond the 

first¼ of the style length. Perhaps at this po1nt gross inhibition 

occurred and only a few tubes grew beyond this, as workers found 

in related species. 

3. Insect trials. 

These are discussed in details on page ~8. 
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RESULTS. 

Detailed results for the individual clones are set out in 

the tables below and in the appendices. 

There was a wide vari ation in the relative ability of the 

clones to set seed. This was first observed in the number of 

flowers produced (See table II, and histogram). The r ange of total 

heads produced from the five clonal propagules of a clone was 9 - 382. 

As a general observation the more vigorously growing clones 

produced more heads than the weaker ones. 

The histogram below illustrates the fact that the majority of 

clones used in the experiment tended to produce a small number of 

flowerheads. (30 of the clones having le.as than 50 heads ( or ten 

heads per plant) ). 
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' TABLE II, 
(I 

District Plant Heads Average number Locality Total 
or strain number Counted of florets per Mean Counts number of 

head and S.E. and s.E. heads 
nroduced 

Dargaville 45 10 40.6 :t 4.9 45 
46 10 58.3 ! 6.o 47.3 ± 5.4 50 
47 10 44.2 :t 7.8 57 

Aoroa 63 10 54.0 $ 7.8 79 
64 19 52.0 + 8.1 55.1 ± 2.2 114 
65 19 5:).3 - 11.2 91 

Kopurah1 57 7 59.6 ± 12.3 
± 2.0 

46 
58 10 57.8; 10.7 60.3 34 
59 10 · 63.2 - 8.3 104 i 

Ngatea 60 10 47.7 i 6.5 127 
61 10 56.5:;: 7.7 52.9 :t 2.5 198 
62 10 48.1 - 4.6 160 ' 

Raglan 4 10 67.5; 11.3 65 
5 10 65.3 + 7.2 61.5 ± 4.9 34 
6 10 51.8 - 6.1 89 

Wairoa 1 10 56.3 $ 7.5 98 
2 10 55.0 + 4.9 53.0 :t 2. 7 370 
3 10 47.7 - 5.9 120 

Haumoana 54 10 52.4 $ 7.9 82 
55 5 80.4 - 3.5 66.3 ± 9.8 62 
56 10 80.0 ± 1.4 44 

Hastings 39 10 72.6; 13.2 175 
40 10 80.3 + 21. 7 . 69.0 :!: 7.7 342 
41 10 54.2 - 7.8 214 

Flock House 22 10 47.8; 8.2 80 
23 10 65.5 + 12.0 52.6 i 7.6 68 
24 6 39.2 - 5.9 19 

Hirnatangi 33 10 46.1 ± 7.5 66 
34 10 65.1 ± 8.3 53.9 :!: 5.7 112 
35 10 50.6 :!: 4.7 382 

Nelson 19 10 + 78 59.5 + 11.2 
20 6 46.o - 6.1 52.6 :!: 4.1 15 
21 10 49.3 :t 5.9 18 

Blenheim 51 10 45.3 $ 10. 7 84 ,: 

52 10 64.6 - 6.4 55.4 :t 5.6 26 
53 10 56.2 :!: 10.7 205 "' 

Kaiapoi 42 5 54.C;3•7 23 :,· 
43 6 54.7 - 2.2 52.4 ± 1 .6 11 
44 8 49.6 :t 5.9 36 ,, 

Lake Ellesmere 25 6 47.5 ;3.6 20 
26 10 47.5 + 4.5 49.9 ± 2.2 39 
27 10 5308 - 7.1 248 I", 

~ 

" " II 28 10 44.1 ± 6.5 88 • 29 10 46.2 ± 7.4 45 .8 :!.: 1 .1 53 ' •·" 30 5 lt-8.4 ± 6.6 13 

" II 7 N f'n-f'lowering 0 ~ 

8 5 147 .2 ± 6.2 47.9 :t 2.4 38 
·, .. 

9 5 48.6 ± 9.0 11 
.. 

w 
i l , :z,I.. ':-

-f ~1 
~ _.t•-..,r;~ • • ~ -~J.J,... ·:·l' :- . :,..•-· L..._ - -
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TABLE II (contd.) 

District Plant Heads Average number Locality Total \ 
or strain number Counted of florets per Mean Counts number~ 

head and s.E. and s.E. heads 
n"od11,.ed 

Nth Otago 31 10 50.6 ; 6.1 
54.9 i 3.0 

268 
32 6 55.5 + 5.8 36 
66 7 60.4 - 8.8 38 

Omakau 10 5 63.6 $ 3.8 12 
11 5 55.6 + 9.3 67.0 ± 5.6 12 
12 .10 74.4 - 10.7 41 

O'Connors 13 2 63.5 + - 46.0 :!: 2.5 
2 

14 10 44.4 + 6.6 267 
15 10 46.5 - 5.4 40 
16 10 47 .3 ; 2.6 52 
17 10 38.1 - 5.2 132 
18 7 51.9 ± 5.7 34 

Palestine 36 4 43 .8 :t 4.8 4 
37 6 47.0; 4.7 28 
38 10 56.4 - 6.o 60.5 + 6.7 142 
48 10 48.7 - 9.1 105 
49 10 66.7 • 9.3 39 
50 10 as.a. 5.4 190 

·-

Ji r '~ . ·-
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There was variation in t he n\llllbe r of florets formed per head, 

both within any one plant and between clones of a given locality 

(See table II and photograph 3). In the majority of cases there 

were significant diff'erences in floret number per head between 

the clones representing any one locality. Counting 4 or 5 heads 

would give sufficient accuracy to detect locaJ.1 ty differences in 

floret number, but at l east 12 clones would be required from each 

locality t o detect significant - locality differencE>s. 

Photograph 3 showing the variation in floret size, 
form, and number per head, of clones used in the 

experiment. 
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O'Connor's 
No.17 No. 14 

\' ~ . ,.\~ y ' "'''~ ' !,.;f~ . '{J· 
. ,1 ... 

· ... ' 

·~ . ·,~ ,, i ~ ··-~e(t ( 
........ ;a_ , 

No. 63 No. 56 

The photographs below show the expansion of the calyces after 

seeds have been set. Clone No. 19 ..- set seed without being 

tripped while the other two clones requiredcross-pollination before 

an appreciable amount of seedwo.s set. 



Photograph 4. 

SEEDHEADS of Clone No.50 (self-incompatible). 

CROSSED ROLLED UNTRIPPED HAND-TRIPPED CROSSED 
With No. 22 
104 Florets 
45 Seeds 

with No,38 
72 Florets 90 Florets 97 Florets 75 Florets 
74 Seeds o $eed O Seed 6 Seeds 

Photograph 5. 

CROSSED with 
No. 39 
38 Florets 
46 Seeds 

CROSSED wi h 
No. 39 
48 F1orets 
46 Seeds 



Photograph 6. 

Clone No. 61 (Self' Incompatible) 

CROSSED 
with No.53 
46 Frorets 
21 Seeds 

SELF-FERTILITY. 

UNTRIPPED 

43 Florets 
O Seed 

IJNTRIPPED 

53 Florets 
o Seed 

CROSSED 
w.1 th No.53 
50 Florets 
l5 Seeds 

It was formd goon after the plants had begun to flower and 

were self-pollinated, that some set seed readily, spontaneously, 

whereas others would not set seed even after artificial self-

pollination. 

The pho~ographs- on page-V~ s~~ e~~thc calyces 
- - ~ ..----: -·- . -----af"ter seed has been set. Clone--N"o. 1-9-has set-·seed, without being -- .--- -· - ... 

tripped. T-he other two cl9nes require-'cr;ss-pollina't'ion for 

rm.al---seed _se~ting. 
·- -· ··- --·· ------ --- - -

The clones could thus be grouped into (1) those which were 

self-fertile and (2) those which were self-incompatible. 

· Insufficient data were obtained to determine the degree of 

self'-f_ertili ty of 7 of the clones but of the remaining 59, 44 

could be considered as self-incompatible and 15 as sel.t'-fertile, 

i.e. approximately one in four. 

1. Self'-IncompatiblS Clones. 

The following 22 clones set no seed after selfing treatments. 
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Clones No. 

3 15 66 39 48 62 
4 23 33 45 49 63 

13 25 34 46 57 
14 31 37 47 60 

All of these, with the exception of Clone No. 13, which 

produced only two heads and was not treated, did set seed af'ter 

outcrossing and therefore must be considered as self-incompatible. 

Some of' the clones did, however, set a f'ew seeds after self'ing 

treatments, but were obviously self-incompatible. Williams (1931) 

f'01md the same ppenomenon in red clover where 19 of the plants 

he studied set f'rom 1 to 7 seeds per 100 florets after self'ing. 

He termed this "pseudo- self-fertility", which is not used in the 

same sense as originally defined by East and Park (1917). 

Clones studied here that come within this category were:-

Clones No. 

2 17 35 50 54 61 
5 28 38 51 56 64 
6 29 40 52 58 65 

16 32 41 53 59 

The r ange of seed set by these "pseudo- self-fertile" plants 

was 0.25 ± 0.25 to 6.o ± 1 .5 seeds per 100 florets pollinated. 

The cause of' this seed-setting in self-incompatible plants 

is not clear. Possible reasons may be, a) accidental cross­

pollination , b) some abnormal! ty by which incompatib111 ty becomes 

partially ineffective, c) the most probable cause may be apomoxis, 

which according to Darlington (1957) is more conmon than is generally 

realized, as it is seldom apparent. 

2. Self-Fertile Clones. 

The following clones could be considered as highly selt'-f'ertile:-

1 

8 

9 

10 
11 

12 

18 
19 
20 

Clones No. 

21 
22 

26 

27 
42 
44 



All of these with the exception~ Noe. 1, 12, 18, 19, 22 

and 27, were spontaneously self-fertilized in the bud stage, as 

judged by the withering petals and expansion of the calyces. 

Of the spontaneously self-fertilizing clones which were 

artificially tripped i.e. Noa. 12, 18, 19, 20, 26, 27, there was 

an increase in seed-setting after tripping in No. 12 (significant 

at the 5% level of p) and Nos. 18, 19 and 27 (significant at the 

0.1% level). In Clones No. 20 and 26 the~e was no significant 

difference between spontaneous self-pollination and artificial 

self-pollination. 

It would appe ar , that in some spontaneously self-fertilizing 

clones tripping increased seed setting. 

Clone No. 1 set only 1.3 ! 0.65 seeds per 100 florets, 

spontaneously, but set 50.4 ± 3.0 when artificially tr1ppen 

(difference highly significant). This clone is apparently self­

compatible but is unable to set apprecia~le amounts of seed ,mless 

the florets are tripped. This also applies to Clone No. 18 

where 4.2 ± 1.24 seeds per 100 florets counted were set spontaneously, 

yet 28.0 ± 4.5 were set after being tripped(** ). These two 

clones apparently needed to be tripped to deposit pollen on the 

stigma or perhaps rupture a stigmatic membrane before self­

fertilization could take place effectively. 

Clone No. 22 set 11.9 ± 2.1% seed spontaneously and 7.8 ± 1.1% 
after rolling (difference N.s.) and no seed at all after selfing 

with bees. Pollen co\lllts of thi6 clone revealed that very little 

viable pollen was produced. A few viable grains found on the 

slides must have represented sufficient pollen to affect the 

self-fertilization found. If this clone had pr oduced more viable 

pollen it might have proved to ~c highly self-fertile. 

Engelbert observed that bees tended to avoid plants with sterile 

anthers, which could therefore not reproduce unless cross-pollinated. 

This may in part explain why no seed was set in this clone after 

selfing with bees. 

Comparison of Selfing Methods. 
As most of the clones proved to be _self'-incanpatible and 
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many of the self-fertile ones set seed spontaneously, the data 

on the different self1ng techniques are not very complete. The 

results are summarized in the table below for the four self­

compatible clones from which data were obtained. 

Table III. Comparison of Self1ng Treatments 

Clone No. 1 

Treatment 

Rolled 
Hand tripped 
Bees 

Clone No, 12 

Rolled 
Hand tripped 
Bees 

Clone No, 19 

Rolled 
Hand tripped 
Bees 

Clone No, 27 

Rolled 
Hand tripped 
Bees 

Florets 

258 
32 

308 

294 
228 

No data 

366 
No data 

176 

263 
250 
258 

~ 

130 
20 

111 

203 
163 

220 

102 

126 
126 

64 

No. seedL100 flts. 
1>, ffu«,,,c,,e. 

50.~} 
62.5 N.S~} • • . 
36.0 

69.1 } 
71.5 N.S: 

60.1 ~ N.S, 
58.0 

47.9} · 
50.4 N.S:} • • 
24.a · 

The two methods of artificial tripping, rolling with the 

fingers and tripping with a rod, gave similar results. Seed-

setting with bees as the pollinating agent, however, gave a 

significantly lower result than artificial tripping in two cases 

out of three. This may have been due to differences in the 

env1ronmental conditions existing be~ween the glasshouse and the 

bee-cages which were out-of-doors. During periods of wet weather 

the bees refused to work but florets continued to open and die 

off, unpollinated. Wet conditions might also be expected to affect 

pollen viability. Moreover,single plants in the cages may have 

been unattractive to the bees • . 

There is apparently no relationship between any of the selt'ing 



methods and the occurrence of pseudo- self-compatibility. 

Sumnacy of Results of Self-Pollination • 

It may be concluded, that of the clones used here, under 

the conditions described, some proved to be highly self-fertile, 

of these most had set seed before the florets had opened. 

Some of the self-compatible plants set more seed after bei~ tripped 

than they did after spontaneous self-pollination. 

Of the self-incompatible plants, which were in the majority, 

some set no seed after self-pollination while others showed varying 

degrees of "pseudo- self-fertility". 

not clear. 

The explanation of this is 

. 

4. Results of Seed-setting after Cross-Pollination • 

Al though approximately three out of every four of the clones 

proved to be self-incompatible, in t he crossing experiroonts . where 

each of the thirty-two clones was out-crossed to two others in the 

group, there was no evidence of any two plants being cross-

incompatible. It may be assumed from this that the number of 

alleles conditioning incompatibility in this species may be very 

large. This agrees with the findings of workers with related 

species (Williams 1931, Sears 1937). 

Detection of two plants with one incompatibility allele in 

common would not be possible from the results obtained here, as 

5~ compatible pollen in the volume of pollen usually applied to the 

stigma would be expected to give normal seed-setting. If a larger 

number of crosses had been made or related plants had been crossed, 

cross-incompatibility would undoubtedly have been found. 

Of the fifty clones which were both arti ficially self-pollinated 

and cross-pollinated, in every case there was an increase in seed 

number set per hundred florets treated , afte r cross-pollination. 

In most cases the difference was highly significant. This was 

to be expected as 44 of these clones were self-incompatible, but 

even the highly autogamous plants so treated gave an increased seed­

set after cross-pollination. 

Table IV summarizes the reciprocal of the out-crosses done 
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TABLE IV. ~I 

SEED-SET1per 100 FLORETS, AFTER CROSSING BY TWO METHODS. \ , 

(Pollen pa rent shown in brackets above figures). 

I, 

Female With Bees. By Hand. Parent 
Number. Cross 'A'. Cross 'B! Cross •A•• cross "B'. 

1 
(3~) (~) <is> (~) 

52.4 - 3. 3 54.2 - 3.3 84.6 - 2.4 87.5 - 2.6 
I 

~ . 

Ii 2 
<t1) 

52.9 - 3.2 
(~2) 

47.8 - 3.0 
<t7) 

52.8 - 3.6 
(~2) 

50.6 - 2. 7 
1.: <i2> (23) <t2) (23) 
. 3 20.0 - 2.6 37.6 ± 3.1 36.4 - 4.2 34.3 ± 3.1 

~ 4 <i> 19.7 - 2.0 
(~8) 

13.9 - 2.1 
<t) 

12.0 - 2.3 
(~8) 

11 . 8 - 1.9 
' 

6 
(1 ~) 

29.7 - 2.6 
( 1~) 

43.1 - 2.5 
. (t9) 

37.6 - 3.4 
<t4) 

43. 7 - 2.5 

~ 12 
(~) 

52.8 - 2.6 
(~3) 

87 .8 - 1. 7 
(~) 

74.5 - 3.2 
(~3) 

77.3 - 2.4 

• 14 
(~) 

67.9 - 3.1 
(~0) 

75.7 - 2.8 
(~) 

74.3 - 3.2 
(~0) 

75.7 - 3.2 
~ 

17 
<2l (~0) <2l C4S) 16.5-2.7 34.2 - 3.5 35.4 - 3.9 51 .3 - 3.2 

,: 
(3i) C6l (3i) (~) ; 

19 88.o - 1.9 87.7 - 1.9 75.5 - 2.7 80.1 - 2. 7 

22 
(3~) 

58.9 - 3.1 
(6t) 

41.8 - 3.1 
q_4) 

60.5 - 2.8 
(6t) 

52.8 - 2.7 

23 
(~_) 

55.0 - 2.6 
(5~) 

52.8 - 2.5 
q> <i9> I 

45.1 - 2.8 52.2 - 2.8 

27 
(~1) 

69.1 - 3.0 
<i3) 

47.a - 3.3 
(~1) 

82.2 - 2.7 
. <i3) 

82.5 - 2.8 

28 
(6~) 

38.9 - 3.3 
(~9) 

21.2 - 2.8 
(~) 

55.0 - 3.6 i2~> 22. - 4.7 

29 
(2~) (52) (2~) (~9) I 31.6 - 3.1 25.1 - 3.0 40.2 - 5.6 43.9 - 5.0 I 
(4~) (27) (40) <F> 31 72.7 - 2.4 65.2 ± ~-3 45.5 ! 3.0 62.7 - 2.9 r ,, 

<i7) (~1) t21) (~1) I 
33 51.8 - 3.1 52.4 - 3.5 47.7 - 3.8 52.8 - 3.5 I 

34 36./15t6 &22) 29.0 p~~4 {22) 1. 3.0 - 0.9 
1· q4) (~5) (J4) S,65) 

35 57.6 - 2.8 25.2 - 2.7 55.8 - 2.8 53.a - 3.3 

38 
<;50) 

54.3 - 3.1 
41) 

57.3 - 3.0 (,5<Y, 52.7 - .2 ~~ 67.0 - .4 '; 
39 '' (13) <t9) 

' 131 .6 2.8 5.7 - 1.2 
' 

(!3) 
38.2 3.3 ( 1 i> 

26.1 - 2.8 hi 
~" -v I 

'7" ··" 
_4 

J .. 
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TABLE !V ( cont~ • 

Female With Bees. By Hand. 
Parent 
Number. Croes A . Crose Bo Cross A. Crose B • 

40 
(~1) 

54.3 : 3~2 
<i1) 

48.2 - 3.2 
(J1) 

53.2 - 3.1 
t11) 

71.5 - 2.3 

41 
(~o) 

57.7-3.0 
<i3) 

49.8 - 3.2 
(~O) 

43.3 - 3.4 
(~3) 

66.o - 3.4 

50 
<ie) 

67.6 - 2.2 
(t4) 

69.4 - 2.4 
<ia> 

80.3 - 2.0 
(t4) 

115.a - 2.6 

(61) 
53 30.5 :!: 2.4 

(49) 
22 .6 - 2.3 

(~1) 
35.1 - 2.6 

<i9) 
17.6 - 2.4 

58 
(~3) (~) (~3) (~) 

5.9 - 1.4 9.4-1.7 10.2 - 1 • 7 11.7 - 2.3 ,' 

(29) (23) (29) (~3) 
59 6.6 ± 1.4 13.6 ± 1.3 37.9 ± 4.0 35.a - 2.6 

60 
(~1) 

38.8 - 2.9 
(~4) 

33.6 - 3.1 
(~1) 

48.o - 5.0 
(~4) 

36.3 - 6.5 

61 
(~2) 

0.4 - 0.4 
{53) 

50.4 - 3.0 
. ~22) 

3.03 - 1.3 
( ?3) 

54.0 - 3.0 

62 <i> 
15.7 - 2.4 

(~5) 
31.3-2.8 

(~) 
72.2 -3.5 

(~5) 
97.9 - 0.9 

63 
{~8) 

39.5 - 2.5 
<i2> 

33.3 - 2.3 
(~8) 

24.5 - 2.6 
i12) 

22.4 - 2.4 
(28) (60) (~8) (~o) 

64 33.0 ± 2.4 36.9 :!: 3.1 30.9 - 4.0 35.6 - 3.3 

65 
(62} <i;> (~2) (~5) 
0 3.4 - 1.2 33.3 - 3. 7 31.a - 3. 7 



by- bees and by hand. 

It will be seen from the table that on the whole the bumble­

bees are efficient pollinators of this species. There was a 

good correlation between the results ot crossing by- hand and by 

the bees. (Cross A, r = + 0.710 • •, Cross B, r = 0.750 ••,see 

Table IV). 

The reeults of the two modes of crossing cannot be compared 

on the same basis, because of the different environmental conditions 

of the glasshouse and the bee-cages. The more equable conditions 

of the glasshouse were reflected in the general vigour and flowering 

of the plants growing there. Also in the hand cross-pollination 

technique unreceptive and unopened florets were often removed from 

the heads when they were treated , thus allowing more nutrients 

to be avail able to the remaining flo1"8ts. This is known to 

1nor3ase seed-setting per unit number of florets, Atwood (1940). 

It was n~t done however, on the heads pollinated by bees. 

The bees proved to be the more efficient pollinators in the 

following cases:- both out-crosses of Clone 19, Clone 31 by 40 and 

Clone 41 by 60. These exceptions are difficult to explain but 

in the case of Clone 19, the florets may have been especially 

attractive to the bees and were consequently well "worked". 

Each of the clones in this group of thirty-two has set a 

definite number of seed per unit number of florets cross-pollinated. 

In most cases, this ratio of seed set to florets pollinated is 

similar for both the outorosses ot any clone. 

this are discussed below. 

The exceptions to 

This inherent ability to set high or low percentages of seed 

is of fundamental importance in d~te:rmining total seed yield of 

a plant. 

Ranking the top ten clones for this characteristic with their 

percentage of seed for the t wo out-crosses (using the more reliable 

hand-cross results) the list would be:-
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ia_.,~ Clone No. Cross A -Cross B 

• 50 80.3 :!: ·2.0 115.8 + 2.6 1 -
2 84,6 :!: 2.4 87.5 + 2.6 1 -
3 • 27 82.2 :!: 2.7 82.5 + 2.8 -
4 62 + 97.9 + 0.9 • 72.2 - 3.5 -
5 19 + 75.5 - 2►• 7 80.1 ! 2.7 

6 12 74.5 ± 3;2 77.3 .t 2.4 

7 • 14 74.3 .t 3.2 + 75.7 • 3.2 
8 • 40 + 53.2 - 3.1 + 11.5 - 2.3 
9 * 31 62.7 ! 2.9 

10 38 + 52.7 - 3.2 + 67.0 - 3.1~ 

* Those marked with an asteriok are found in this table and 

the one below. 

it now the clones which produced the most flowerheads are 

listed on merit, it is possible to decide which are likely to be 

the best seed yielding clones. 

Clone Total No. Clone -Total No. 
~ Number of heads Rank Number of Heade 

1 35 382 7 41 214 
2 2 370 8 53 205 
3 • 40 342 9 61 198 
4 • 31 268 111 39 175 
5 • 14 'A67 10 • 50 190 
6 • 27 248 12 • 62 160 

Those marked with an asterick appear in both lists and are 

the clones which would probably give the highest total seed yields. 

The factor of "floret number per head" because of its variability 

can only be used as a further guide to possible seed-production 

capacity. 

Listed in Table V below are those clones which do show 

relatively higher seed-setting when oroaaed with one plant than 

with another. Kost of the differences oan be eXplained in 

terms of low pollen Viability of one of the male parents. 



TABLE V. 

(Pollen parent number shown in brackets). 

Clone No. Cross 'A' Cross 'B t 
(seed set per 100 (seed set per 1 00 florets~ 
florets}. D,~f=e. .... ce. 

17 35.8 :!: 3.94 (2) + 51.3 - 3.25 (40) • • 
19 + 75.5 - 2.7 (39) 80.1 :t 2.66 ( 6) w.s. 
22 60.5 :!: 2.78 (34) 52.8 :t 2.74 ( 61) • 
23 45.1 :.t 2.84 ( 3) 52.2 :.t 2.82 (59) N.S. 
28 55.0 ! 3.62 (64) 22.8 ! 4.72 ( 29) • • 
31 45.5 ::!: 3.0 (40) 62. 7 ::!: 2.9 (27) • • 
34 29.0 ::!: 2.44 (35) 3.0 :!: 0.89 (22) • • 
36 52.7 :!: 3.24 (50) 67.0 ::!: 3.43 ( 1 ) • • 
39 38.2 ! 3.28 (53) 26.1 :.t 2. 78 (.19) • • 
40 + 53.2 - 3.07 (31) 71.5 :!: 2.31 ( 17) • * 
41 43.3 :!: 3.42 (60) 66.o :!: 3.40 (33) ... 
50 80.3 :!: 2.02 (38) 115.8 :!: 2.59 ( 14) • • 
53 35.1 ! 2.58 ( 61) 17.6 :.!: 2.41 (39) • • 
61 + 3.03 - 1.33 (22) 64.0 ! 3.0 (53) • • 
62 + 72.2 - 3.52 ( 2) 97.9 ! 0.93 (65) • • 

The clones showing significant differences in Table V and 

the probable reason for these differences will be discussed briefly. 

Clone 17 by 2. Clone 2 had only approximately¼ of its pollen 
viable. 

Clone 22 by 61 • Clone 61 had only 5.5% viable pollen. 

Clone 28 vy 29. Notes taken at the time of crossing recorded 
this as a w.eak plant infected wit 

fungal disease. Where the stem was 
touched by hand the heads withered and 
died - thus only two heads were available 
for counting. 

Clone 34 by 22. Clone 22 had sterile anthers. 

Clone 39. Both pollen parents had low pollen counts and 
the plant itself had abnormal florets 
(twin styles) 

Clone 40 This clone had abnormal flowerheads (see 
photograph 3). 

Clone 50 This clone had an exceptionally large number 
of 2-seeded pods. The high seeding ability 
of this clone is all the more remarkable 
when the relative low pollen viability of bot 
the pollen parents is considered. 

Clone 53 Both the pollen parents in these oroasee had 
low pollen counts, perhaps the volume of 
pollen applied to the stigma was important 
here. 

l ' 



Clone 6-t by 22. 

Clone 62 by 2 

35. 

Clone 22 had sterile anthers. 

Clone 2 had very low pollen viability, 
yet in this cross there was still a 
high seed-set. Clone 62 like Clone 50 
appears to be a naturally high seed­
setter even when pollinated with pollen 
of low percentage viability. Again 
the number of two-seeded pods is 
remarkable. 

The differences between the two crosses of Clones No. 31, 38 

and 41 cannot be explained by the writer. 

5. Two-seeded Pods 

In the following clones a relatively large number of two-seeded 

pods were recorded:- Clones No. 1, 12, 19 and 22 (self-fertile) 

and 14, 50 and 62 (self-incompatible). This char~cter was entirely 

absent from many of the clones. It has been associated with plant 

vigour by workers in other species (Lucerne, Engelbert 1·931 ). 

6. Floral abnol'lllalities Two forms of floral abnormality were 

found in the clones studied. 

Clone 39 had two,apparently normal stylesi possibly only one 

of which, however, was fUnctionai. This clone was a relatively poor 

seed-setter which was probably the result of the abnormal styles. 

Clones No. 40, 55, 56 and 60 all had abnormal flowerheads, in 

that the raceme continued to extend and producedmany more florets 

than '-'ls normal ( see photograph 3 page a 3 ) • If the lower florets 

(about 45) had set seed this d1td not ·happen and the upper 

undeveloped floret buds diedoff. If, however, the bottom florets 

we.r~ not fertilized, . the raceme produced florets until perhaps 100 

or morswe.re formed. 

Clones, 39,40, 55, and 56 OQme from the same region near 

Hastings. 

These abnormalities are probably the result of recessive 

mutan~s which have come to expression after inbreeding. 

7. Abnormal Seed Small ana wizened seeds were included 

in the results with the normal seed. No attempt was made to 
tl.od 

determine the reason for their abnorma11 ty. Williams believed ,,they 

were the result of apom1ot1o developnent and excluded them from 
tt.od 

Engelbert, however, oonsideredAthey normal seeds in his results • 
.:.yJoTe.s. 

were normal em ?pee that had aborted through lack ot adequate 
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Cooper and Brink showed that there was a 

strong tendency for inbred embryos and endoeperms to die at an 

early stage of seed developnent resulting in the formation of 

these small . seeds. 

In the plants studied here, the formation of these seeds 

appeared to be at random, with the exception of Clone No. 1, which 

was self-fertile and produced many of these aborted seeds both 

after selfing and cross-pollination. In the reciprocal crosses· of 

this clone these aborted seeds did not oocur, so that the phenomenon 

was a characteristic of the clone itself and not the result of 

chromosomal abnormality • . 

8. Pollen Viability The percentages of normal pollen for 

each .clone are given in 1-e- appendix,x-IDI,Omitting Clones No. 3, 7, 
cl ona.1 troy,~~ le.s 

22 and 42, there is a good correlation between any twOA-¥£ ta 

within a. clone for percentage pollen viability (r ~ + 0.908 • •). 

There is however, a wide variation between the clones in 

the proportion of viable pollen. In seleoting plants for tutu.re 

breeding work, therefore, these pollen counts must be taken into 

consideration, especially where both the total volume and pro~rtion 

of viable pollen are low. 

No estimate of the relative volumes of pollen produced by 

the clones, was made, but variation in this respect was observed 

among the clones at the time the pollen viability estimates were 

made. 

The photographs below (7 and 8) illustrate the contrast in 

numbers of viable pollen in the microscope field, of a clone 

producing a large proportion of viable pollen (Clone 50, 97% viable) 

and a clone with poor pollen viability Clone 2 (32% viable). 



Photograph 7. Pollen grains of Clone No. 50. 

(Note non-viable grain,bottom right) 
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Photograph 8. Pollen grains of Clone No. 2. 

(Only one grain is viable - centre) 

• 

I 

• 
r • 

• 

' 

• 

• 



38. 

TRIALS TO INVESTIGATE POSSIBLE INSECT POLLINATORS 

IN THE FIELD. 

A plant of clone No. 50 which was self-incompatible, had 

attractive, scented flowerheads and a high pollen count was kept 

in the glasshouse until about 8 heads were 1."ull.y open. This 

plant was then taken to a field at Palmerston North where 

strawberry clover was in flower. The pot containing the clone 

was concealed so that the plant and its flowers resembled those 

surrounding it. The heads were then watched for insect 

visitations. The heads were differentiated by inconspicuous 

pieces of coloured wool tied around the stalks. Two heads acted 

as controls, these were isolated from insects by pieces of cheese 

cloth, approx. 2" x 211, oaref'ully placed over the heads and tied 

around the atom. One of the heads was later artificially tripped 

by rolling, the other left untreated. 

This was done on 27th February 1958, and the plant was 

watched for 6 hours, 9 a.m. to 12 a.m. and 1 p.m. to 4 p.m •• 

During the period between 12 a.m. and 1 p.m. the plant was isolated 

from insects. Insects visiting the strawberry clover heads in 

the stand, were caught, taken to the laboratory, killed, and parts 

of their body washed with dilute · alcohol, the wash being made 

into a slide stained with basic f'Uschin as described under ''Pollen 

Counts". 

Labels for identifioati~n were tied to the heads which were 

later threshed and the seeds counted. 

The weather at the time of th~s trial was fine, warm but 

windy and cloudy. The plants in the association were docks, 

dandelion, giant buttercup,._ floating sweet gl'ass (Glyceria 

fluitans) and strawberry clover. 

Observationsi Honeybees (Apia) were observed working the 

surrounding strawberry clover plants. The first bees to arrive 

at the flowers on Clone 50 stayed a relatively long period working 

many florets on each head. The duration of stay beoame less. 

the later the bees arrived,as they seemed to sense the florets had 

already been "worked". Eventually late in the morning bees 



approached the flowers but did not settle. In the afternoon a 

few honeybees visited the flowers but stayed only a matter of 

seconds. 
During the afternoon there was a large number of "Drone" 

or "Drain" fly visits (Eristalis tena.x). These insects stayed 

up to .7 minutes on each head, and as shown later were eating ~he 

pollen (See ,hotogr~ph 9). 
Between 3 p.m. and 4 p.m. when the weather became dull there 

were no insect visitations. 

Rasul te (-r ... 1ol t .. :'QIJ. 

Results of seed numbers set are shown below,/\ Apparently 

either the honey bees or the drone flies or both had been 

instrumental in cross-pollinating this clone. 
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Table VI• 

Flower Numbers, No. 1 No. 2 No. 3 No. 4 No. 5 No. 6 Controls 
No. 5 (Red) (Blue) (Yellow} (Bllaok) {White) (Grey) No. 7 

(Rolled) Isolated 
I and un• 

tripped 

2 a.m.-j 2 a.m! 
No.c:1' honeybee 

visits 5 7 7 6 4 4 - -
No. of dronef'ly 

visits 1 0 2 1 1 1 - -
j ;e.m.- !l :e1m. 

No. of honeybee I 

visits. 2 - 1 - - 3 - -
Total duration 9 sees - 53 sees - - 42· eeos - -
No. ot dronefly 

visits 6 1 5 3 4 5 - -
Tots.l Duration 17 min 3 min 3 min 3 min 2 m1n 1 min 

33 sec 2 sec 4 880 58 sec 17 sec - -
No. of bumble 

bee visits - - - .. - 1 

(Duration) - - - - - 2 sec 

No.of florets 
exposed 94 91 81 89 92 74 100 75 

No.of seed set 38 9 12 27 19 20 0 0 

Seed set per 
100 flo;rets 

exposed 40.4 9.9 14.8 30.3 26.6 27.0 0 0 

, 

I -
.Li 4.. 



Analysis of the florets on the heade,revealed that most of 

the seed was set in groups of florets about 2/3 of the way up the 

Slides were made of washes of the heads and probosoes of 

"drone" flies and honey bees and also the anterior part of the 

gut of a "di-one" fly. The pollen on the slides was identified 

by L.H. McDowell, Biologist, Department of Agriculture. Tha 

~esults were as follows: 

"Pollen of T. fragiferµm was found to be present on all 

elides. However, those from the 'fly body' and 'fly tongue• 

showed very small quantities. That from the -body was almost 

entirely Umbell1ferae, with some dandelion, grasses and thistle, 

and about t en clover grainsJ the slide from "fly tongue" had 

very little pollen on it, about four clover grains. The gut 

preparation was very interesting. · umbellifer and dandelion 

pollen were present in approximately equal quantities and appeared 

unchanged by any digestive process. The relatively small number 

of clover grains were dist~rted and swollen and in most cases the 

eXine ruptured. 

The slides from bees showed larger numbers of T. :f'ragiferwn 

grains. It would seem that the bee is a more efficient pollinator 

than the fly even though the latter may remain on the flowers 

longer. From the gut content the fly obviously collected more 

pollen from flowers in which the ·anthers were exposed." 
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Photograph 9. Showing the pollen grains taken from 

the foregut of Er1stal1s tenax. The small oval grains 
I 

are those of Trifoliwn spp. whioh have been ruptured 

by digestive prooesses. 
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Cage trials . Two specimens of eaoh of the following species were 
\An-r<l.-lo-..-te.cl 

confined in cages with two self-incompatible plants of strawberry 
A 

clover 
1
(a) Er1stal1e tenax , (b) Apia mellifera workers , (o) Bombus 

• . . terrestris, workers, ( as oontrols1. 

The clones used were Noe. 50 and 34 and the trial period was 

6 days (17.1.59 - 23.1.59). 

As the insects died they wore replaced by others, five flies, 

six bumble bees and 12 honey bees were used. 

The weather was fine during the trial. The flower heads 

exposed to the insects were labelled and later the seeds harvested 

and counted. 

The honeybees quickly died and were not observ·ed to work the 

heads during the tr1a1; In their efforts to escape from the cage, 



they ignored the flowerheads and soon became exhausted. Conse­

quently no seed was set on an;r ot the heads exposed to these bees. 

However, they have been observed DlaJl1' times working thiB clover in 

the field and under natural conditions they may be ettic1ent 

pollinators of the species. 

The table below gives the results ot see9,•settiJl6 with the 

drone flies and bumble bees. This shows beyund doubt that the 

pollen-eating E. tena.x is an atf1eient crosA-pollina.tor of straw­

berey clover. This insect lays its eggs in wet situations, which 

are frequently the natural habitats of T. f'ragiferum. The rat­

tailed maggot of' E. tena.x may often be seen in cow-shed drains 1n 

this country. 

Head No. 

1 

2 
3 
4 

Seed per 

Head No. 

1 
2 

3 

Table VII. 

Drone Flies (Er1stalis te~). 

Clone 50. Clone 34. 

Florets Seeds Head No • Florets 

69 48 1 70 
88 42 2 77 
96 37 
70 43 

323 170 147 

Seeds 

36 
39 

75 

100 florets 52.6 Seed per 100 florets 51.0 

B. terrestris' (Workers). 

Clone 50. Clone 34, 

Florets Seeds Head No. Florats Seeds. 

84 57 1 55 20 
96 65 2 84 48 
78 71 3 73 46 

258 193 270 148 

Seed per 100 florets 74.8 Seed per 100 florets 54.8 
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DISCUSSION AND CONCLUSIONS. 

The evidence obtained 1n this work strongly supports the 

hypothesis that strawberry clover is a cross-pollinating species. 

Forty-four clones out ot titty-nine were tound to be selt-

incompatible, the remaining titteen being self'-tertile. Furthermore 

a higher percentage ot seed was usually set after cross-pollination 

of the self-fertile plants than after self-pollination. 

Apparently this clover follows a pattern S1D11lar to that 

described tor other widely distributed perennial pasture legumes, 

in that looal populations may contain varying proportions ot 

autogamous individuals. For this reason a representative sample 

of the species would be difficult to obtain. 

The spontaneously selt-fert1le plants almost invariably were 

non-vigorous and had low fertility. These had, it seems suf'tered 

from inbreeding depression for a number of generations. Therefore, 

further inbreeding as a method ot improvement would not be expected 

to be of any advantage, except where it was desired to make the 

plants homozygous tor certain simply inherited characters. Kirk 

( 1933) with lucerne and Williams ( 1931 ) with red clover both used 

the selfed-line method and discarded it as unsatisfactory. 

Probably the best approach to improving th.1.s species agronollically, 

is to combine the best available plants into a ·synthetic strain, after 

progeny testing for general combining ability and heterosis. 

The variability found in the material used here for factors . 
associated with seed production, indicates that improvement of seed-

yielding ability could 1-eadily be made by selection. 

Before a breeding programme is commenced, however, it 1s felt 

that much more material should be obtained from as many overseas 

sources as possible, especially from the Mediterranean centre of 

gene diversity. This was the origin ot the highly successful, 

winter-growing, Palestine strain ('river 1954). 

Some or the plants used here showed some promise and should be 

studied further, but many could possibly be discarded without 

further consideration. 



The source nursery and the areas where progeey testing is 

to be carried out should be 1n localities typical ot the country 

1n whioh the improved stnun would be used. 

There is the possibility that the difficult areas where the 

species is normally used in pasture may not be suitable !'or high 

seed production and/or harvest. The waterlogged and sandy soils 

where the species is grown are usually of poor fertility and may not 

be expected to give maximum seed yield. Selection tor agronomic 

type may have to be made 1n one locality and seed increase in 

another. 

It has been shown conclusively that bumble bees and other 

insects do cross-pollinate this species. As the majority ot the 

plants were round to be self-incompatible, the presence ot adequate 

insect numbers at peak flowering period becomes important. This 

may have been one of the main factors dete?'D11.n1ng low. seed yields 

of this species in the past. Laok ot IJUfficient numbers of 

pollinating insects in some of the regions where the clover baa 

been grown, may have lead to poor Reed-setting and over a long period 

increased self-fertilization and inbreeding. 

Large increases in seed yield have been obtained overseas, 

from placing honey bee hives 1n the field where legume seed crops 

are f'lowering (F.A.O. Report 195.3). This technique might also 

prove to be efficient in increasi~ seed-setting in strawberry 

clover. 

For future breeding work, t here is the possibility ot forming 

an artificial tetraploid strain. The diploid chromosome number is 

16, whereas the more vigorous nr,tural tetraploid, white clover bas 

32. There is also the possibility with improved techniques or 

making wide outorosses with related species. 

There is little doubt that th1c species can be improved by 

selection and breeding and will play an 1Jllportant role 1n increasing 

pl"od.uotion in coastal al"eas, swamp-land and irl"igated pastuNs 1.n 

New Zealand. 
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APPENDICES. 



No. of heads examined. 
No. or norets " . 
'l'otal seed set 

(nornel & abnormal), 
No. of' normal seed. 
No. or abnormal seed. 
No. or 2 seeded pods. 
No. or all seed set 
per 100 florets. 

Standard error. 

No. or heads examined, 
No. of florets " 
Total seed set 

{normal & abnormal), 
No. or normal seed. 
No. of abnormal seed. 
No. ot 2 eeeded pods. 
No. or all seed set per 

100 florets. 
Standard error. 

APPENDIX I, 
·---=-

CLONE Jl'O, 1 (Total f'lowerheads f'ran 5 clonal propagu,les = 98). 
'l'REATl,fE~$. 

Left J I SELFED QEOSSED BY BEES WITH- CROSSED BY HAND WITH - I 
Alon Rolled Hand With Clone, (Reciprocal Clon~; (Reciproca Clon~.J (Reciprocal Clone (Reciprocal 

Tripped bees No.38 of cross) No-:4- of' cross) No.38 of cross) No.4 or cross) 

5 5 1 7 5 5 5 7 7 5 4 6 
305 · 258 32 308 231 274 225 380 227 188 161 175 

4 130 20 111 121 157 122 75 192 126 141 21 

2 125 18 67 96 157 72 75 172 126 129 21 
2 5 2 44 25 - 50 - 20 - 1'2 
0 2 0 5 1 2 0 1 20 16 14 0 

1 -.3 50.4 62.5 36.o 52.4 57.3 54.2 19.7 84.6 67.0 87.5 12.0 
to.1 13.0 ±8.6 ±2.7 ±3.3 ±3.0 ±3.3 ±2.0 t.2.4 ±3.4 ±2.6 12.3 

CLONE NO,,_ 2 (Total flowerheads from 5 clonal propagules = 370)0 
TREATMENTS. 

Let't 
Alone 

5 
278 

0 

SELFED,. 
Rolled Hand With 

Tripped bees 

5 2 5 
272 118 289 

0 3 0 

JROSSED BY BEES Wl'l'H-
Cl, 011~ (Recipt"ocal Clon~ , (Rec1pro _ 
·o.17 of cross) No.62 ot cross) 

5 6 5 5 

1

242 1 94 272 230 
128 32 130 36 

.3 - I 1128 32 129 36 - · 1 
0 - 0 0 1 2 

2.5 - 52.9-_ 16.5 47.8 15.7 

.:t1.4 - t.3.2 t.2.7 ±3.0 t.2.4 

~OSSED ~ HAND m;tl-
Clone Reciprocal Clone; Reciprocal 
No.17 or cross) No.62 of cross) 

5 5 8 6 
191 148 352 162 
102 53 178 117 

101 53 178 117 
1 - - -
1 0 4 3 

52.8 35.8 50.6 72.2 

t3.6 i:.3 . 19 -t.2.7 :1.3 .5 



No. of heads examined 
No. ot norets " 
Total seed set 
(Normal & abnormal) 
No. ot normal seed 
No. ot abnormal seed 
No. of 2 seeded pods 
Bo. ot all seed per 

100 tlorets 
Standard error 

Bo. of heads examined 
No. of florets examined 
Total seed set 

(Abnormal & Normal) 
No. of normal seed 
No. ot e.bngrmal seed 
No. ot 2 &eeded pods 
No. ot all seed set 

per 100 florets 
Standard error 

APPENDIX II 
CLONE N0.3 (Total flovrerheads trom 5 clgnal propa1~..ll.es = 120) 

ma_~s 

Left I I SELFED 
Alone Rolled Hand With 

tripped· bees 

b CROSSED BY BEES Vll'l'H 
lone (Reciprocal Clone (Reciprocal 

~o.12 of cross) No.23 of cross) 

5 I I 5 2 5 243 234 81 224 
0 0 0 0 

5 5 5 5 -
245 358 250 353 
49 189 94 194 

49 · 183 94 193 
- 6 - 1 
0 3 0 6 

20.0 52.8 37.6 55.0 

±2.6 :!:2.6 +_3.1 ±2.6 

CROSSED BY HAND Wl'm 
clone (Recip_rocal Clone (Reciprocal 
No.12 of cross) No.23 of cross) 

4 4 6 6 
1 29 181 230 308 

47 135 79 139 

47 135 79 139 - - -
1 15 

36.4 74.5 
1 1 

34.3 45.1 

'±4.2 ±3.2 :±3 .1 12.8 
OLONE_NO.s!i, (Total flowerheads from 5 clonal propagules - 65) 

TREATME?fl'_S 

La.i't I I SELF&.D I b-
Al~e Rolled Hand With 

. tripped bees INo.1 

4 
273 

0 

4 
272 

0 

2 
130 

0 

4 
269 

-0 

7 
1380 

75 
75 -

1 
19.7 

±2.0 

CROSSED BY BEES WITH 
(Recipro9al Clone, ( 
of cross) 

Reciprocal 
of cross) No.58 

5 5 5 
225 280 299 
122 39 28 

72 37 28 
50 2 -

0 1 1 
54.2 13.9 9.4 

±3.3 ±2.1 + -1.7 

CROSSED BY HAND WITH 
Clone (Reciprocal Clone (Reciprocal 

_No.1 of cross) No.58 . ot cross) 

6 4 8 4 
1?5 161 297 188 

21 ~41 35 22 
21 129 33 22 - 12 2 -0 14 0 3 

12.0 87.5 11.8 11. 7 

:.t2.3 t2.6 ±1 .o . ±2.3 



No. of heads examined. 
No. of florets 11 

,. Total seed set 
Is (normal & abnormal). 
rf No. of normal seed, 
r:1 No. of_ abnormal seed, 
· l No. or 2 seeded pods. 
·1 No. or all seed per t 100 :f'lorets. ;l Stamlard erro~, 

No. of heads examined, 
. 
1
No. of :f'lorets 11 

, 

J~j Total seed set 
"-i (normal & abnormal), 

,. No. of normal seed • 
No. of abnormal seed. 

I
No. of 2-seeded pods, 
No. of all seed set 

per 1 00 florets • 
Standard error, 

APPENDIX III, ==-==-====== 
Q:kQNE N01 6 (Total flowerheads on 5 clonal propagules - 89). 

TREATMENTS_, 

Lett 11 SELPED- _ CROSSED BY BEES Wiffl- I CROSSED BY HAND Wiffl-
Al~ne Rolled Hand Wi Qlonej (Reciprocal o~~e; (Reciprocal Clone (Reciprocal Clone Recipro ~ 

tripped bee No.19 or cross) No.14 of cross) 0.19 of cross) No.·14 of cross) 

5 6 5 5 6 5 7 5 5 5 9 6 
275 294 259 250 320 302 383 221 197 226 389 183 

265. 
. -

165 74 181 136 5 1 0 0 95 150 170 

5 0 - - 89 246 162 143 73 181 160 123 
1 - - 6 19 3 7 1 - 10 13 

0 - - - 0 24 0 9 3 24 0 12 
1.a 0.34 - - 29.7 87.7 43.1 67.9 37.6 80.1 43.7 74.3 

±o.a :!.:2.6 + . ±2.5 ±3.1 t.3.4 12.7 ·+ ±3.2 - - - -1.9 -2.5 
~ 

CLONE N:O. 12 (Total flowerheads on 5 clom!l J2rsmagules = !:1 ), 
TREATMENTS. 

J.et't 
Alone 

SELP'ED CROSSED BY BEES WITH- CROSSED BY RAND WITH-
Rolled Hand Wit _lone, (Reciprocal • Clone (Reciprocal Clone, (Reciprocal Cl~pei (Reciprocal 

tripped bees No.3 of cross) No.6~ of cross) No.3 of cross) No.63 or cross) 
5 

386 
4 5 - 5 5 5 9 4 4 7 8 

294 228 - 358 245 352 417 181 129 317 290 
177 203 163 - 189 49 309 139 135 47 245 65 
174 

3 
203 163 - 183 49 308 139 135 47 243 65 - - - 6 - 1 - - - 2 

12 4 ... 0 - 3 0 22 1 15 1 17 0 

45.9 69.1 71.5 - 52.8 "20.0 87.8 33.3 71.,l.5 36.4 77.3 22.4 
±2.5 ±2.7 ±3.0 ±2.6 !2.6 :!:1.7 ±2.3 ±3.2 ±4.2 ±2.4 .:t2 .4 



APPENDIX IV, ---e~-
CLONE NO. 14 (Total f'lowerheads on 5 elonal Rropagglee = 267). 

Left 111 SELFED 
Alone Rolled Hand Wi th1 

No. of heads examined. I 5 
No. of :florets examined. 222 
Total seed set O 

(Normal & abnormal). 

~

,· Ro. of normal seed. 
r ~o. of abnormal seed. 
~.ii No. of 2 seeded pods. 
~ tfo. of all seed per 
1: 100 :florets., 
'i Standard error • 

5 
222 

0 

Tripped bees 

4 
164 

0 

5 
221 

0 

TR~_ATM;E:N'l'_~. 

" CROSSlllD BY BEES WIT~ -
i.,lone1 (Reciprocal Clone (Reciprocal 
No.6 or cross) No.50 of cross) . 

5 7 5 5 
221 383 235 393 
150 165 178 269 

143 162 178 265 
7 3 - 4 
9 0 7 18 

67.9 43.1 75.7 68.4 

±3.1 t2.5 ±2.8 ±2.4 

pROSSED BY HAND WI~ - · 
. 1011~1 (Reciprocal Clone Recipro~ 
,No.6 of' cross) lfo.50 af cross) 

6 9 5 7 
1183 389 177 273 
lrt36 170 134 316 

;~23 160 133 316 
I 13 10 1 
~ 12 0 9 112 
. 74.3 43.7 75.7 115.8 

I + 
I ,..3 .2 12.5 t3.2 t2.6 

l ~· .. ~ 
QL_Q~ :tm,, .. J.LJTotal f'lowerheads on ::z clonal pro12a~es = 1~2). 

:,.i 

f 
11 No. of heads examined. J No. of :florets " 
'.J Total seed s~t 
'~l (normal & abnormal). 
44 tfo. at normal seeds. 

No. of' abnormal seeds. 
No. of' 2 seeded podR. 
No. of all seed set 
· per 100 f'lorets , 

1
Standard erroP. 

ILef't 
Alone 

5 
-•192 

4 
4 
0 

i 0 
2.-, 

±1 .o 

TREAT11ENT_S_. 

SELFED I_._ CROSSED BY BEES WITH -
!Rolled Hand With _!_013e\ (Reciprocal · Clone, (Recipvocal 

Tripped bees .o.2 of cross) No.40 of cross) 

l14i 
5 5 6 5 5 6 

173 210 94 242 . 184 243 
1 0 3 32 128 63 117 
1 - 3 32 128 63 117 

0 0 0 0 7 
0.7 - 1.4 16.5 52.9 34.2 48.2 

:!:0.7 + I + ±3.2 ±3.5 Z3.2 · - ;!-0.8: I! -2. 7 

CROSSED BY HAND WITH -
Clone; (Reciprocal Clone, (Reciprocal 
No.2 of eross) No.40 ot cross) 

5 5 8 10 
148 191 236 382 

53 102 121 273 

53 101 121 · 272 
1 - 1 

0 1 . o 25 
35.8 52.8 51.3 71 .5 
±3.9 ±3.6 ±3.2 t2.3 



APPENDIX V. ========== 
CLONE 1i9..,_ 19 {Total flowerheads on 5 clonal propagules = 78). 

TREATMENT_S_. 

Lef't I I SELFED CROSSED BY BEES WITH- CROSSED BY HAND WITH -
Alone Rolled Hand With lone1 (Reciprocal Clone, (Reciprocal Clon~ (Reciprocal 1Clone (Rec1.procal 

Tripped bees o.39 of cross) No.6 of cross) o.39 of cross) No.6 of cross) 
No. o!' heads examined . 5 6 - 4 .5 5 5 6 5 6 5 5 
No. of florets II 299 366 - 176 99 370 302 320 253 ·249 226 197 . 
Total seed set 134 220 - 102 63 21 265 95 191 65 181 74 ( normal & abnormal). 
No~ of normal seed • 134 220 - 98 263 21 246 89 188 65 181 n 
No. of abnormal II . - - - 4 - - 19 6 3 - - 1 
No. of 2-seeded p_ods. 21 13 - 18 23 0 24 0 12 1 24 3 
No. o!' all seed per 44.8 60.1 - 58.0 88.0 5.7 87.7 29.7 75.5 26.1 80.1 37.6 ·1 oo florets • 
Standard error • :t2.9 ±2.6 - ±3.7 .±1 .9 ±1.2 ±1.9 ±2.6 i2.7 ±2.8 ±2.7 ±3.4 

CLONE NO, 22 {Total flowerheads on 5 clonal propagules - 80). 

TREA'l.'MEN'T$. 

Left 11 SELFED CROSSED BY ~EES VIITH- {feSSED BY HAND Wiff, -Alone Rolled Hand With Clone, (Reciprocal Clone: (Recipro Clone Reciprocal Clone Reciprocal 
Tripped bees o.34 of cross) No.61 of cross) No.34 of cross) No.61 or cross) 

No • . of heads examined • 5 5 4 5 5 5 5 5 8 7 9 4 
No. ~ florets II 235 243 189 206 248 334 249 281 309 366 331 165 . 
Total seed set 28 19 1 0 146 0 104 1 187 11 175 5 (normal & abnormal). 
No. o!' normal seed , 28 19 1 - 146 - 104 1 183 11 173 5 
No. of abno:rmal seed, - - - - - - - - 4 - 2 
No. of 2-seeded pods • 2 0 .., - 9 - 26 - 19 0 13 0 
No. of all seed set 11.9 7.8 0.5 58.9 41.8 0.4 60.5 3.0 52.8 3.03 per 100 florets . - -
$tandard error. !2.1 t.1.7 - - :.l'.3 .1 - •3.1 :to.4 •2.8 i-0.9 •2.1 ~1.3 

I' 



)'- _ 

No. of' heads examineda 
No.- of florets " . 
Total seed set 

( normal & abnormal). 
No. of' normal seed. 
No. of abnormal seed. 
No. of 2-seeded pods. 
No. of all seed per 

100 florets • 
standard error • 

No. of heads examined • 
No. of florets " • 
T9tal seed set ) 

\noriml & abno;rmal. 
l No. of normal seed • 

No. or · abnormal " • 
No. of' 2-seeded pods • 
No. or all seed set . 
per 100 florets • 
Standard error • 

APPENDIX VI o -==-. 

CLONE NO. 23 (Total flowerheads on 5 clonal prgpagules = 68) . 

TREATMENTS. 

Lef't 11 SELFED 
Alone Rolled Hand With 

Tripped bees 

CROSSED BY BEES 'I/ITH - 11 CROSSED BY HAND WITH -
(Reciprocal Clone1 (Reciprocal Clone, -(Reciprocal 1Clone (Reciprocall 
of cross) . No.59 of cross) No.3 or cross) No-5"9 of cross) 1 

5 5 - 5 5 5 7 1 6 6 7 6 
344 295 - 311 353 250 390 22 308 230 .314 330 

0 0 - 0 194 94 206 3 139 79 164 118 

- - - - 193 94 205 2 139 79 164 115 
- - - - 1 - 1 1 - - . - 3 - - - - 6 0 13 0 1 1 3 0 

- - - - 55.0 37.6 52.8 13.6 45.1 34.3 52.2 35.8 

±2.6 ±3.1 + ±7.3 - I - - - -2.5 ±2.8 ±3.1 ±2.8 ±2.6 

CLONE_ N.0 1 27 (Total floVIElrheads on 5 clonal propagules = 248 ). 

TREA~S.. 

Left 
Alone 

I SELFED ~OSSED BY BEES WITH-
Rolled Hand With lone Reciprocal Clone (Reciprocal 

Tripped_ bees o.31 or cross) No.33 o~ cross) 

CROSSED BY HAND WITH -
Clone (Reciprocal '._Clone (Recip1•ocal 
No.31 of cross) No.3Y of cross) 

5 
270 

5 5 5 5 8 5 6 
263 250 · 258 236 445 230 253 

5 8 5 5 
202 348 189 176 

. 65 126 126 64 163 297 110 133 166 216 156 84 
65 122 126 49 156 290 102 131 164 218 153 81 
-
6 

4 - 5 7 7 8 2 
0 0 0 0 0 0 7 

2 - 3 3 
14 1 0 0 

24.0 47.9 50.4 24-.8 69 .1 65.2 47.a 51 .a 82.2 62.7 82.5 47.7 

.:!2.6 :1:3 .1 :3.2 4--2.7 .:t-3.0 .:l- 2.3 .t3 .3 •3.1 -J:.2.7 ~.9 •2.8 .3.8 

:__, 



No.· of heads examined. 
No. of florets " . 
Total seed set 

(normal & abnormal). 
No. of normal seed. 
No. ot abnormal seed . 
No. of 2-seeded pods • 
No. of all seed per 

100 florets , 
Standard error. 

No. of heads examined. 
No. or· florets " , 
Total seed set 

(normal & abnormal). 
No. ot normal seed .• 
No. or abnormal n • 
No •. of 2-seeded pods. 
No. or all seed set 

per 100 florets. 
Standard error, ! 

APPENDIX VII. -~----=r--
QLQN!!:~~N01 28 (Total flowerheads on 5 clonal propagules = lf!l• 

TREATMENT~. 

Alone Rolled Hand Wit C~on_e (Reciprocal Clone (Reciproca: 
Left 11 SELFED = I CROSSED BY BEES WITH-

tripped bees No.64 of c.ross) No.29 of cross) 

5 5 5 5 5 8 5 5 
232 209 203 195 218 369 205 231 

0 0 1 0 74 122 44 73 

- - - - 72 122 44 ·69 
- - 1 - 2 - - 4 - - - - 0 0 0 0 

- - 0.5 - 38.9 33.0 21 .2 31.6 

- - ±o.5 - t.3.3 t2.4 i2·.8 t.3 .1 

CROSSED BY HAND WITH-
Clone (Reciprocal Clone (Reciprocal 
r'ff o.64 of cross) No.29 of cross) 

6 4 2 2 
189 136 79 77 
fo4 42 18 31 
103 42 18 28 

1 - - 3 
1 0 0 0 

55.0 30.9 22.8 40.2 
t.3.6 ±4.o ±4.7 15.6 

CLONE NO, 29 ( Total fl owerheads on 5 clonal prgpagule a = 53) 
TREATMENT.$ 

Left 11 SELFED CROSSED BY BEES WITH - I 

Alone Rolled Hand With Clonel (Reciprocal Clone (Reciprocal 
tripped bees No.28 or cross) No.59 of cross) 

CROSSED BY HAND WITH -
Clonei (Reciprocal Clone (Reciprocal 
No.28 of cross) No.59 of cross) 

5 3 5 5 5 5 6 5 2 2 3 3 
247 119 215 240 231 205 286 301 77 79 98 145 

1 0 0 0 73 44 72 20 31 18 43 55 
1 - - - 69 44 72 18 28 18 43 54 - - - - 4 - - 2 3 - - 1 

- - - - 0 o - 0 0 0 0 0 4 
0.4 - - - 31.6 21.2 25.1 6.6 40 .. 25 22 .• 8 43.9 37.9 

±o. - - - ±3.1 ±2.8 .13.0 11 .4 ±5.6 11.i..1 ts.o ~.o 

, 



APPENDIX VIII 

CLONE N0131 (Total flowerheads on 5 clonal propagµles = 268) 

TREATME.m'.§, 

Left [ j SELFINGS CROSSED BY BEES WITH- CROSSED BY HAND VI~ - I 

Alone Rolled Hand With Clone, (Reciprocal Clone!· {Reciprocal Clone. (Reciprocal Clon~Reciprocal' 
tripped bees No~ of cross) lfo~r of' cross) No.40 of cross) No.27 of cross) 

No. of heads examined 5 4 1 5 8 5 8 5 6 6 8 5 
No.· of florets It ·266 194 46 235 359 245 445 236 312 265 31,l.8 202 
Total se~d set 0 0 0 0 261 133 297 163 142 144 218 166 ( norml & abnormal) 
No. or norml seed - - - - 261 133 290 156 138 141 218 164 
No. of' abnormal seed - - - - - - 7 7 4 3 - 2 
No.· of 2-seeded pods ~ - - - 2 3 0 0 0 14 1 14 
No. of all seed per - - - - 72.7 54.3 65.2 69.1 q5 .. 5 53.2 62.7 82.2 100 t'lorets 

±2.4 ~-2 !2.3 :!:3.0 :!:3 .o + ±2.9 t2.7 Standard enor - - - - _:-3.1 
-· 

CLO!m N0 133 (Total t'lowei:beads on ~ clonal I!r!2J2atrules - 66) 

'l't?EATMENTS 

Lef't I SELFINGS CROSSED BY BEES Vl ITH - _ CROSSED BY HAND WITH -
Alone ~olled Hand With Clon~, (Reciprocal Clone\ {Reciprocal Clone\ (Reciprocal Clone\ (Reciprocal 

tripped bees No.27 of' cross) N·o.41 of' cross) 0.27 of cross) No.41 of cross) 

No. of heads examined 
35fl 

5 5 5 6 5 5 5 5 5 7 5 
No. of florets " 36 208 215 253 230 206 247 176 189 208 194 

, Total seetl set 0 0 0 0 133 110 108 123 84 156 110 128 (norinal & abnormal) 
No. of normal seed - - - - 131 102 101 123 81 153 109 128 
No. · of abnormal It - - - - 2 8 7 - 3 3 1 
No. of' 2-seeded pods - - - - 7 0 0 0 0 0 3 14 
No. or all seed set - - 51.a 47.8 52 .11- 49.8 47.7 82.5 52.8 66.o per 100 florets - I -
Standard error - - - - +:3. 1 ±3.3 13.5 ±3.2 3.8 :!:2.8 ±3.5 13.4 

, ' 
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t1 
I 
,1 
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No. of' heads exam1ned. 
No. of florets · " 
Total seed set 

( normal & abnormal) • 
No. of' normal seed. 
No. of' abnormal seed. 
No. of' 2-seeded pods ♦ 
No. of' all seed per 

100 t'lorets. 
Standard.error-

No. of' heads examin~d~ 
No. of t'lorets " • 
Total seed. set 

( normal &: -abnormal). 
No. of normal seed. 
No. of abnormal seed. 
No. of' 2-seeded pods. 
No. of' all seed set 

per 100 florets , 
Standard error, 

Left· 
AlonEll 

5 
358 

0 

Let't 
Alone 

7 
358 

0 

---
-
-

APPENDIX IX. =======---=== 
C_kONE N0.34 {Total f'lowerheads on 5 clonal propagules = 112). 

'l'R_EATMENTS. 

SELFI:008 CROSSED BY BEES WITH-
Rolled Hand With Clon~, (Reciprocal Olone (Reciprocal 

tripped bees No.35 of' cross) No.22 of' cross) 

2 2 5 5 7 5 5 
148 147 292 . 348 314 334 248 

0 0 0 1 26 1 81 0 146 
126 159 - 146 

22 
9 O - 9 

36.2 57.6 - 58.9 

±2.6 ±2.8 ±3.1 

I CROSSED BY HAND WITH -
Qlone, (Reciprocal 0_1Qn~•· (Reciprocal 
No.35 of cross) No.22 of' cross) 

7 8 7 . 8 
348 · 326 366 309 
101 182 11 187 

99 ,176 11 183 
2 6 - 4 
5 0 0 19 

29.0 55.8 3.0 60.5 

±2.4 ±2.8 :to.9 :!:2.8 

Cl,_QN'.£ li0.35 {Total flowerheads on 5 clonal propagulea = 382 ). 

TREATMENTS.. 

Rolled Hand With JClone (Reciprocal Clone (Reciprocal Clone I (Reciprocal Clone (Reciprocal 
SELFINGS ·1 [-· CROSSED BY BEES WITH- 11 CROSSED BY HAND WITH - . . 

_tripped .bees jNo.34 of cross) No.65 of cross) No.34 of cross) No;·65 of cross) 

5 5 5 7 5 6 5 8 7 7 5 
235 241 248 314 348 266 243 1326 348 223 157 

14 11 0 181 126 67 8 
1

182 101 120 50 

· 14 11 - 159 ' 126 62 8 117~ 99 120 50 

- - - 22 - 5 - 2 - -
0 0 - 0 9 0 0 0 5 1 0 

6.o 4.6 57.6 36.2 25.2 3.4 55.8 29.0 53.8 31.8 -
1 •. 6 +f . :!:2.8 ±2.6 ±2. 7 ±1 .2 i':!:2.8 ±2.4 . !3.3 !3.7 - .4 -



No. of heads examined. 
No. of florets tf • 
Total seed set 
( normal & abnormal). 
No. ot: normal seed. 
No. of abnormal seed, 
No. of 2-seeded pods. 
No. of all seed per 

1 oo florets. 
Standard error. 

~~~!DJ~~. 

CLONE No, 38 (Total f'lowerheads on 5 clones - 142). 

~m!§_. 

Left 11 SELFINGS I CROSSED BY BEES WI TH -
Alone Rolled Hand Wit Clone! (Reciprocal Clone, (Reciprocal 

tripped bees No.50 o'? cross ) No~1 of' cross) 1 

5 5 4 - 5 5 5 5 
275 298 211 - 256 438 271.i 231 

0 1 3 - 139 296 157 121 

- 1 3 - 138 269 . 157 96 
- - - - 1 27 - 25 - - - - 3 8 2 1 

- 0.3 1.4 - 54.3 67.6 57.3 52.4 

- ±0.3 ±1 .2 - ±3.1 ±2.2 ±3.0 !3.3 

CROSSED BY HAND WITH-
bl 9ne (Reciprocal Ql.one (Reciprocal 
!No.50 or cross) . No.1' of cross) 

6 7 5 7 
237 386 188 227 
125 310 126 192 

125 303 126 172 
7 - 20 

1 53 16 20 

52.7 80.3 67.0 84.6 
!3.2 !2.0 . !3.4 ±2.4 

CLONE No, 39 (Total flowerheads on 5 clonal prJmagules = 175). 
ILeftl SELFINGS CROSSED BY BEES WI TH - CROSSED BY HAND WI TH - I 
i Alone! Rolled Hand With Clon~I (Reciprocal CJope (Reciprocal _clone (Reciprocal Clgne (Reciprocal 

tripped bee~ No.53 of cross) No.19 of cross) No.53 of cross) No.19 of cross) 

No. or heads examined• 5 5 - 5 5 7 5 5 5 5 6 5 
No. of florets " • 373 353 - 267 278 323 370 299 220 250 249 253 
Total seed set 

(normal & abnormal) , 0 0 - 0 88 73 21 " 263 84 44 65 191 
No .. or normal seed. - - - - 87. 71 21 263 b4 44 65 188 
No. or abnormal seed. - - - - 1 2 - - - - - 3 
No. or 2-seeded pods, - - - - 5 o o 23 8 O 1 12 

. No.~~ ;1~:e!:t - - - - 31.6 22.6 5.7 88.o 38.2 17.6 26.1 75.5 
• + a· -1 + + · + + 4 +2 8 +2 1 Standard error. - - - - -2. -2.3 -1.2 -1 .9 -3.3 -2. - • - • 

,, 



No. of heads examined. 
No. of florets " 
Total seed set 

( normal & abnormal). 
No. ot normal seed . 
No. or abnormal seed. 
No. of 2-seeded pods. 
No. or all seed per 

· 100 florets. 
Stancl!lrd 6rror. 

No. of heads examined. 
No. ot florets " 
Total seed set 

( normal & abnormal )
0 

No. of normal seed . 
No. of abnormal seed. 
No. of 2-aeeded pods. 
No. of all seed set per 

100 florets. 
Standard error. 

Not 
Tripped 

3 
322 

0 

Not 
Tripped 

5 
282 

9 

9 -
0 

APPENDIX XI. ------·----
CLONE NO. 40 (Total f'lovterheads on 5 clonal propagulee = 342) 

TREATMENTS. 

~- SELFINGS 
Roiled Hand -With 

tripped bees 

3 1 5 
218 68 329 

0 O 4 
4 . 
-
0 

1.2 

to.6 

CROSSED BY BEES WI'ffl-
. Clo~e (Reciprocal 'Clonei (Reciprocal. 
No.31 of cross) No.17 of Cl'Oee) 

5 8 6 5 
245 359 243 184 
133 261 11 7 63 
133 261 117 63 

154~3 

~ 3.2 

2 

72.7 
:!:2.4 

7 
48.2 
±.3.2 

0 

34.2 . 

±3.5 

Clone 
, 1No.31 

6 
265 
144 
141 

3 
14 

53.2 
!3.1 

m'.,.QNE N01 41 (Total flowerheade on 5 clonal propagulee - 214). 

TREATMENTS• 

CROSSED BY HAND WITH -
~ (Reciprocal C'.l_o~ (Reciproca.J 
or cross) No~17 of cro se) 

6 10 8 
312 382 236 
142 273 121 
138 

4 
0 

45.5 
:!:3.,1 

272 
1 

25 
71.5 
!2.3 

121 . 
0 

51.3 
±3.2 

SELFINGS 
Rolled Hand With 

tripped bees 

CROSSED BY BEES WITH - ~ CROSSED BY HAND WITH -
Clone , (Reciprocal iC1one (Reciproc Clon~ (Reciprocal Clone (Reciproc 
No.bO or cl'Oes) No.33 of cross) No.60 ot cross) No.33 of cross)

1 

5 
212 

1 

1 

5 
272 

157 
157 -

6 

5 
286 
111 
111 -

0 

5 
247 

-123 
123 

5 
206 
108 
101 

7 
0 

5 
210 

91 
91 -

0 

3 
100 

48 
48 -

0 

5 
194 
128 
128 -14 

7 
208 
110 

109 
1 
3 

3.2 
:t1 .o 

0.47 
:l0.47 

57.7 
•3.0 

38.8 
•2.9 

0 

49.8 
•3.2 

52.4 
•3.5 

,3.3 
1•3.4 

4a.o 
:t5.o 

66.o 
~-4 

52.8 

~-5 



No. of heads examined. 
No. of florets " • 
Total seed set • 

(ncrmal & abnormal). 
•, No. of' normal seed . 

No. of' abnormal " • • 
No. of 2-seeded pods. 
No. of' all seed per 

100 florets • 
Standard error • 

No. of heads examined, 
No. of' florets " • 
Total seed set 

( normal & ~bnormal) . 
No. of' normal seed • 
No. of' abnormal seed. 
No. of 2-seeded pods • 
No. of' all seed oet 

per 1 00 florets • 
Standard error• 

rNot 
Trippedi 

5 
423 

0 

INot 
!Tripped 

4 
263 

0 

-

L 

APPENDIX xn. 
==========---

CLOliE_:rm,so (Total flowerheade on 5 clonal propagulee = 190), 

TREATMEN'rr:I, 

SELFINGS 
Rolled Hand With 

Tripped bees 

5 2 5 
1432 160 380 

1 2 0 
1 2 -- - -- 0 -

. 0.2 1 .25 -
±o.1 to.9 -

I CRCS SED BY BEES WI TH -
Clone (Reciprocal C1on~ (Reciprocal 
No.38 of cross) No.14 of cross) 

5 5 5 5 
438 256 393 235 
296 139 269 178 
269 138 265 178 

27 1 4 -
8 3 18 7 

67.6 54.3 68.4 75.7 
±2. 2 !.3 .1 ±2.3 ±2.a 

CROSSED BY HAND WITH -
Clone· (Reciprocal Clone (Reciprocal! 
o.38 of' cross) No.14 of cross) 
7 7 5 

386 237 273 177 
)iO 125 316 134 
303 

7 
53 

80.3 
±2.0 

125 

1 
52.7 
±3.2 

316 133 
1 

112 9 
115.a 75.7 
:t2.6 !3.2 

Ck(1~ N0 1 53 (Total flo·werheads on 5 clonal prgpagules = 205 ). 

SELFINGS 
Rolled Hand With Clone, 

Tripped bees !No-;61 

5 1 5 8 
247 52 268 380 

0 0 1 116 

- - 1 114 - - - 2 
- - - 0 

- - 0.4 30.5 

- - ±0.4 :!:2.4 

TllE.A.'l'MEJr.t'.S. 

CROSSED BY BEES WITH -
(Reciprocal Clone! (Reciprocal 
of cross) No.39 of cross) 

5 · 7 5 
276 323 278 
139 73 88 

139 71 87 - 2 1 
3 0 5 

50.4 22.6 31.6 
±3.0 ±2.3 t.2.a 

,, 

CROSSED BY HAND WITH-
Clone, (Reciprocal Clone (Reciprocal! 

jNo.61 of' cross) No.39 of' cross) 

7 5 5 5 
342 276 250 220 
120 149 ,44 84 
120 149 44 84 

2 

35.1 54.0. 
±2.6 13.0 

8 

17.6 38.2 
12.4 ±3.3 



No. or· heads examined. 
No. of florets " 

~ Total seed set 
~ (normal & abnormal). 

No. or normal seed. 
No. or abnormal seed. 
No. of 2-seeded pods. 
No. of all seed per 

100 florets. 
standard error. 

-:., No. of heads examined. 
No. of florets " 
Total seed set 
(normal & abnormal). 
No. of normal seed . 
No. of abnormal n • 

No. of 2-seeded pods 
No. of all seed set 

per 100 florets. 
standard error. 

Not I 
Tripped 

5 
314 

1'.) 

10 -
1 

3.2 
±1.0 

Rot J 
Tripped 

5 
331 

0 

APPENDIX Xlila z:e--==-=-=-
Qt~Jm. N0~..2§.... (Total flowerheads on 5 clonal provagules· =..J!ll 

TRE_AmNT~. 
--·· 

SELFINGS CRnssED BY BEES WITH 
Rolled Hand With Clq_ne] (Reciprocal Clone1 (Reciprocal 

of· cross) 

CROSSED BY HAND WITH 
Clo~e (Reciprocal Clon~t {Reciprocal 
No.63 of cross) No.4 of cross) · Tripped bees No.63 of cross) No.4 

4 4 - 4 10 5 5 . 
211 231 -· 287 393 299 280 

5 
303 

3 0 - 17 159 28 39 31 

3 - - 17 j59 28 37 31 
- - - - - - 2 -- .- - 1 1 1 1 2 

1.4 · - - 5.9 39.5 9.4 13.9 10.2 

to.a - - i1 .4· :t2.5 ±1 .7 ±2.1 ±1. 7 

CLQNE NO. 59 {Total f'lowerheads on 5 clonal propagules = 104),. 

'l'REATMIJ:l{T_§_. 

SELFINGS ~OSSED BY BEES WI TH 
Rolled Hand W1tl: Cfon.~1 Reciprajal Clon~: (Reu1pro)e.l 

Tripped bees No.~9 of cross No.23 of cross 
-Clone 
No.29 

6 2 5 5 6 1 7 
323 102 298 301 286 22 390 

. 3 
145 

0 0 6 20 72 3 206 55 

- - 6 18 72 2 205 54 - - - 2 - 1 1 1 - - 0 0 0 0 13 4 
- - 2.0 6.6 25.1 13.6 52.8 37.9 

- - to.a :t1.4 t.3.0 t7.3 t2.5 ±4.o 

,, 

8 4 8 
273 188 297 

67 22 35 
67 22 . 33 - - . 2 

0 3 0 

24.5 11.7 11.8 
±2.6 i' -2.3 11.9 

CROSSED BY HAND WITH 
(Recipro}al Clo_nei (Rec1pro)81 
or cross No.23 of cross 

3 6 7 
98 330 314 

43 118 164 

43 115 164 - 3 -
0 0 3 

43.9 35.8 52.2 
±s.o 12.6 t2.8 



No. of heads examined. 
No. of florets " 
Total seed set 

( normal & abnormal). 
No. of normal seed. 
No. of' abnormal " • 
No. of' 2-seeded pods. 
No. of' all seed per 

100 florets • 
Standard error. 

No. of' heads examined~ 
No. of' florets " 
T9tal seed set 

~noimal & abno1'lllal}. 
No. or normal seedv 
No. or abnormal seed. 
No. or 2-seeded pods. 
No. of' all seed set 

per 100 florets. 
Standard e1•ror. 

APPENDIX XIV. c::-c:=-=----=-= 
CLQNE NO, 60 (Total :f'lowerheads on 5 clonal propegulee = 127). 

Not 
Tripped 

5 
252 

0 

TREA~S. 

SELFINGS 
Rolled Hand With 

Tripped bees 

5 1 5 
225 56 251 
0 0 0 

CROSSED BY BEES WITH-
Cl_one, (Reciprocal Clone1 (Reciprocal] 
No.41 of' cross) No~ of' cross) 

5 5 5 5 
286 272 235 249 

111 157 79 92 
111 157 79 92 

0 

38.8 
~2.9 

6 

57.7 
±3.o 

0 

33.6 
!3.1 

2 

36.9 

~-1 

QI.ONE NO. 61 (Total :f'lowerheads on 5 clonal uropaguies = 128) 

TREATMENT~ .. 

Not SELFINGS 
Tripped Rolled Hand With 

Tripped bees 

5 5 5 · 5 
304 261 259 231 

0 2 5 6 

- 2 5 6 - - - -- 0 0 0 

- o.8 1.9 2.6 

- ±0.7 ±o.8 .t1.o 

CROSSED BY BEES WITH-
Clorie, (Reciprocal Clone' (Reci procal 
No;22 of cross) No.53 of cross) 

5 5 5 8 
281 249 276 380 

1 1Qfl. 139 116 

1 

0.4 

±o.4 

104 -26 

41.8 

.t3.1 

139 

3 
·50.4 

:!:3.0 

114 
2 
0 

30.5 
±2.4 

CROSSED BY HAND WITH-
1' Clone, (Reciprocal Clonet (Reciprocal 
No.41 of cross) No.64 at cross) 

3 5 2 5 
100 210 55 205 

48 91 20 73 
48 91 18 73 

0 

~.o 
zs.o 

0 

43.3 
±3.4 

2 
0 

36.3 
!6.5 

0 

35.6 
13.3 

- CRO SSED BY HAND WI~JI-
Cl one (Reciprocal Clone1 Rec1procal 

l
1

No.22 of cross) No.53 of cross) 

4 9 5 7 
165 331 276 342 

5 175 149 120 

I 5 173 149 1 20 
I - 2 
I o 13 

13.03 52.8 
I+ + 1-1.3 -2. 7 

I 

2 

54.0 
13.0 

0 

.35.1 
12.6 



No. of heads examined. 
No. of florets u • 
Total seed set 

(normal & abnormal)., 
No. of normal seed" 
No. or abnormal " 
. No. of 2-eeeded podso 
No. of all seed per. 

100 florets. 
Standard error. 

No. of heads examined. 
No. of florets " o 

Total seed set 
( normal & abnormal) •. 

No. of normal seed • 
No. of abnormal seed. 
No. of 2-seeded pods, 
No. or all seed set 

per 100 florets. 
Standard error., 

~~E~NDI~ ~ 

CLONE N0 1 62 (Total flo\verheads on 5 clonal propagules = 160), 

TREA'l.'lfflFrS • 

Not l ,~~ SELFiNGS _,. 
TrippedlRolled Hand Withj _ 

Tripped' 'bees 

5 I I 5 s 5 <?::?7 238 , 213 _208 
0 0 0 0 

: ijOSSED BY BEES WITH-
ICl one1 Reciprocal CJ.oo~ (Reciprocal 
No~2 of cross) .. No.65 of cross) 

5 5 7 5 
~o 2n 2~ 2~ 

36 130 ~ . 0 

I 36 129 83 
I 1 -2 1 3 

115.7 47.8 31.3 
.±2.4 t3.o ±.2.9 

CROSSED BY HAND WITH-
C;Lone1 (Reciprocal Qlone 
No.2. of cross) No.65 

(Reciprocal 
of cross) 

6 · 8 7 5 
162 352 236 162 
117 178 231 54 
117 178 231 54 -

3 4 68 0 

72.2 50.6 97.9 33.3 
t3.5 ±2.7 t.0.9 ~-7 

CLONE NO_. 63 (Total flowerheads on 5 clonal propagule_s = 19). 
TREAT_MENTS. 

· Not· J SELFINGS 
Tripped Rolled Hand With 

Tripped bees 

CROSSRD BY BEES WITH- 1 
Clone (Reciprocal Clone (Reciprocal 
No.58 or cross) No.12 of cross) 

CROSSED BY HAND WITH-
Clone (Reciprocal Clon~ (Reciprocal 
No.58 of cross ) No.12 or· cross) 

5 5 1 5 
249 295 50 218 

10 4 9 5 
393 287 4i7 352 

5 · 5 8 7 
273 303 290 317 

0 0 0 0 159 17 139 309 67 31 65 245 

- - - - 159 17 139 308 67 31 65 243 
- - - - 1 - - - 2 

- - - - 1 1 1 22 0 2 0 17 

- - - - 39.5 5.9 33.3 87.8 24.5 10.2 _22.4 77.3 

- - - -· ±2.5 ±1.4 ±2.3 + · -1.7 t2 .6 ±1. 7 ±2.4 ±2.4 



No. of heads examined, 
No. of :flor-ets '' • 
Total seed set 

(normal & abnormal), 
No. of normal seed. 
No. of abnormal " • 
No. of 2-seeded pods. 
No. of all seed per 

100 florets , 
Standard error. 

No. of heads examined, 
No. of florets " • 
Total seed set 

(normal & abnormal), 
No. of normal seed , 
No •. of abno:nnal. seed. 
No. of 2-seeded pods, 
No. of an seed set per 

1 00 florets . 
Standard error, 

/_ 

Not 1: 
TripJ?_e"' 

5 
236 

I 
1 
1 

APPENDIX XVI , =-··===-===== 
9.kqNE NO. 64 {Total flowe rheads on 5 clonal propagules = 114), 

TREATMENTS_. 

SELFINOS CROSSED BY BEES WITH- . r CR08SED BY HAND wm.::-
Uolled Hand Wi Clone1 (Reciprocal 'Clone (-Reciproca Clone (Reci ,,rocal Clpne (Reciprocal 

tripped bees No.28 bf cross) No.60 of cross) No.28 of cross) No.60 ~f cross) 

5 3 5 8 5 .? 5 
13i 

6 5 2 
253 161 253 369 218 249 235 189 205 55 

1 0 9 122 74 92 79 42 104 73 20 
1 - 9 122 72 92 79 42 103 73 18 

2. - - - 1 - 2 
0 2 0 0 1 0 0 

0.4 II 0.4 - 3.5 , 133.0 38.9 36.9 33.6 30.9 55.0 35.6 36.3 
!0.1.i. to.1.i - :t1.2 ±2.4 :t3 .3 ±3.1 ±3.1 ±4.0 !).6 13.3 ±6.5 

QLOJ;E N01 65 (Total ·flowerheads on 5 clonal propagules = 91) 

TREATMENTS 

Not SELFINGS CROSSED BY BEES WITH- CROSSED BY HAND WITH -
Tripped Rolled· Hand With Clone (Reciprocal Clone (Reciprocal blone (Reciprocal Clone (Reciprocal 

tripped bees N~62 iof cross) No.35 of cross) No.62 of cross) No.35 of cross) 
5 0 3 - 5 7 5 b 5 7 5 7 

271 326 181 - 224 265 243 266 162 236 157 223 
0 7 2 - 0 83 8 67 54 231 50 120 

- 7 2 - - 83 8 62 54 231 50 120 - - - - - - - 5 - - - -- 1 - - - 3 0 0 0 68 0 1 

- 2.1 1 .1 - - ,1.3 3.4 25 . 2 33.3 97.9 31.8 53.8 

- ±o.8 ±o.a - - ±2.a :!:1 . 2 :!:2. 7 ±3. 7 ±0.9 ±3.7 t3.3 



APPENDIX XVII. ============= 
I SUMMARY OF CLONES ~ USED IN lVlAIN EXPERIMENT. 

Tot,1 I 8 ontaneous selt'-fertiliz tion. Artificially tripued, Cross-12 o linated bi bees . no. of I 

( lower- Heads Florets Total Seed per Heads Florets Total Seed per Heads Flor ts Total Seed per Plants used as · Clone heads Examined.Examined.seed 100 florets Examined,Examine<Lseed 100 florets Examined. Ex ned.seed 100 florets pollen parents~ number (5 pro- set. & s.E. set & s.E. set . & S,E, pagules) . 

.5 34 4 281 0 4 241 0.4 ± 0.4 3 109 31 28.4 ± 4.3 47 & 46 I 
7 0 N.A. f 
8 38 5 236 146 61 .9 ± 3.2 N.D.* N.D. SF 
9 11 5 243 30 12.3 ± 2.1 N.D. N.D. SF 

10 12 5 318 131 41.2 ± 2.8 N.D. - ND. SF . 
11 12 5 278 135 48.6 ± 3.0 N.D. N.D. SF 
13 2 1 77 0 0 1 50 0 I 
15 40 3 123 0 0 8 383 0 4 2.58 117 45.3 ± 3.1 66 & 44 I 
16 52 5 236 0 0 4 188 1 0.5 ± 0 • .5 11 289 135 46.7 ± 2.9 57 & 55 I 
18 34 .5 263 11 4.2 ± 1 .2 2 100 28 28.0± 4 • .5 2 87 29 33.3 ± 5.0 52 d: 36 SF 
20 15 6 273 139 50.9 ± 3.0 2 10.5 .56 .53.3± 4.9 N.D. SF 
21 20 8 400 203 so.a± 2.5 N.D. N.D. SF 
24 . 19 4 158 8 5.1 ± 1.8 N.D. 3 144 65 45.5 ± 4.2 19 & 6 
25 20 .5 239 0 1 46 0 5 230 120 52.1 ± 3.3 61 & 41 I 

I 26 39 .5 234 102 43.6 ± 3.2 4 190 64 33 .6± .3.4 7 .300 167 54.2 ± 2.5 49 & 51 SF 
30 13 5 242 0 N.D. N.D. 
32 36 5 278 9 3.2 ± 1.1 2 80 1 .25± 1.2 N.D. I 
36 4 2 90 1.1 ± 1.1 N.D. 2 85 29 34.1 ± 5 • 1 18 & 52 
37 28 5 240 0 42 0 .5 171 90 52.6 ± 3.8 46 & 45 I 
42 23 5 270 148 54.8 ± 3.0 N.D. N.D. SF 
43 11 .5 27.5 20 7.3 ± 1.6 N.D. 1 53 18 34.0 ± 6.5 Eolrcross wi th f ants 44 36 5 260 104 40.0 ± 3.0 N.D. 4 160 114 71 .25± 3.6 5 & ~-1 SF 
45 45 5 213 0 12 404 83 20 • .5 ± 2.0 37 & 31 I 4 136 0 46 50 4 241 0 215 57 26.5 ± 3 .o 37 & .5 I 4 229 0 5 47 57 4 195 0 6 244 101 41.4 ± 3.2 55 & 5 I 5 201 0 48 105 2 108 0 51 O 273 53.5 ± 2.2 54 & 49 I .5 231 0 11 49 39 4 271 0 798 434 54.4 ± 1.8 26 & 48 I 2 134 0 12 51 84 4 222 2 0.9 ± o.6 258 93 36.0 :!: 3.0 44 & 26 I 1 44 0 7 52 26 5 331 331 48 14.5 ± 1 .9 18 &: 36 I 0 5 315 1 0.3 :!: 0.3 7 54 82 5 281 295 167 56.6 :!: 2.9 48 & 57 I 0 5 243 4 1.6 ± o.8 9 55 62 43.6 :!: 2.9 16 & 47 4 321 22 6.8 ± 1.4 N.D. 8 289 126 

47.6 ± 2.6 34 & 50 I 56 44 5 400 1 0.25 ± 0.2 5 380 181 
57 46 2 94 0 

53.3 ± 3.0 ..i4 & 50 I 3 207 0 7 285 152 66 1 50 0 
l.j3.0 .± 2.8 45 & 15 I 38 4 261 0 8 321 138 2 96 0 

• N.D. No data available , 
f N.A. Not applicable. 

I. Self'-1ncompatible , 
S.F. Self-fertile • 



CT,ONE 
NO. 

1 
2 
3 

,f 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
1,0 
41 
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POLL~N COUNTS OF STRAWBERRY CLOVER ( F&llRUARY 1958) 

At least 5 fields at magnification x 10 
Abnormal POllen m small 1n size, malfol'llled, . or colla paed grains. 

1 t bt ined NJ). - No nol en coun s o a . 
rc1onal pro~g_ule "a". Clonal propagule "b" • 

Total No. No. o Percentage Normal Total No. no. of - · - Percentage Normal 
of grains Normal ot Total & s.E. of grains Normal o~ Total & S. E. 
eou.nted grnine counte4 grains 

146 129 88.4; 2.6 127 103 81.1 ! 3.5 
177 58 32.8 + 3.5 193 61 31.6 ! 3.3 
229 113 49.3.; 3.3 N.D. - - -185 172 93.0 - 1.9 191 183 95.8 i 1 .4 
118 113 95.8; 1.9 126 121 96.o; 1.7 
108 100 92.6 - 2.5 150 138 92.0 - 2.2 
N.D. - - ... l'l.D. - - ... -135 127 94.1 t 2.0 214 160 74.8; 3.0 
134 108 80.6; 3.4 164 95 57.9:; 3.9 
122 78 63.9 + 4.3 121 84 69.4:; 4.2 
125 55 44.0; 4-4 120 43 35.8 + 4.4 125 119 95.2 - 1.9 225 213 94.7 - 1.5 
169 149 ♦ 

159 146 ♦ 88.2 _. 2.5 91.8 + 2.2 183 68 Y/.2 + 3.6 197 87 44.2 + 3.5 1Y/ 90 65.7 - 4.1 217 137 63.1 - 3.3 
174 123 70.7 ! 3.5 171 113 66.1 i 3.6 
109 100 91. 7 !. 2.6 1i 9 112 94.1 $ 2.2 161 109 67.7 :t 3.7 180 141 78.3 - 3.1 
117 74 63.2 f 4.5 119 80 67.2 !: 4.3 
118 112 94.9 + 2.0 132 120 90. 9 ! 2.5 
105 88 83.8 - 3.6 124 108 87.1 ! 3.0 

On tbese slides very little pollen was found. A :few grains ·Kere normal , bu t ~1ost were 
small and shrunken. 

117 95 81.2 ! 3.6 112 95 84. 8 ! 3.4 
166 156 9~0; 1.8 141 117 83.0 ! 3.2 
132 129 97.7 + 1.3 152 146 96.1 ! 1.6 
112 + 104 92.9 + 2.4 128 119 93.0 + 2.3 128 126 98.4 - 1.1 149 128 85.9 + 2.9 111 106 95.5 ; 2.0 153 144 94-1 - 1.9 135 1.30 96.3 + 1.6 123 115 93 5 ; 2.4 115 112 97.4 + 1.5 249 244 98Co - o.a 
134 117 ' + 0 87.3 + 2.9 142 133 . 93. 7 + 2. 135 111 82.2 + 3.3 199 127 63.8; 3.4 
272 143 52.6 + 3.0 147 74 50.3 - 4.1 
210 196 93.3 - 1.7 134 122 91.0 ! 2.5 
235 141 60.0 ± 1.0 233 134 57.5; 3.2 138 43 31.2 ! 3.9 189 51 27.0 - 3.2 
347 259 74.6 ¼ 2.4 357 305 85.4 ! 1.9 
149 61 40.9 +· 4.0 185 75 40.5 i 3.6 
195 138 10.a; 3 • .3 175 104 59.4; 3.7 1.30 119 91.5 + 2.4 122 106 86.9 - 3.1 
155 127 81 .9 - 3.1 200 152 76.0 ! 3.0 
ND -

63.3 ¼ 3:a 
ND - 54:9 .t 3:6 158 100 193 106 184 171 92.9 + 1.9 123 117 95.1 ! 2.0 

141 104 73.8; 3.7 184 172 93.5 !. 1.8 
·132 117 88.6 + 2.8 146 101 69.2 !. 3.8 
141 129 91.5 - 2.4 124 114 91 .9 !. 2.5 
207 97 46.8; 3.5 166 60 36.1; 3.7 
191 100 52.4 + 3.6 198 102 51.5; 3.6 
139 135 97.1 - 1.4 194 190 97.9 f 1.0 
195 108 55.4; 3.6 187 101 54.0 + 3.6 
122 100 82.0 - 3.5 189 178 94.2 + 1.7 
142 52 36.6 ! 4.0 155 71 45.8; 4.0 
163 106 65.o ! .3.7 167 104 62.3 + 3.8 
104 - 69 66.3 : 4.6 260 1 .30 50.0 • 3.1 116 107 92.2 - 2.5 1q4 119 82.6 + 3.2 
148 107 72.3 !. 3. 7 214 185 86.4 + 2.3 
136 96 70.6 ~ 3.9 138 110 79.7; 3.4 
128 103 80.5 !. 3.5 111 91 82.0; 3.6 
141 106 75.2 ! 3.6 122 102 83.6; 3.4 
229 128 55.9; 3.3 198 108 54.5 - 3.5 
125 i15 92.0 + 2.4 102 93 91.2 ! 2.8 
168 88 52.4; 3.8 166 95 57.2 i 3.8 
136 131 94.9, 1.9 193 186 96.4 - 1.3 
113 110 97.3 - 1.5 140 136 97.1 ! 1.4 
1 7 12 86.4 !: 2.8 157 129 82.2 ! 3.0 4 7 


