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STCTTON_I.

INTRODUCTION,

Subterranean clover is an annual legume which perpetuates
itself in pasture by resceding. After flowering the peduncle
turns downward, and the head enters the soil. From this habit

the common and specific names have been derived.

(1) oOrigin of the Species.

Turope, Western Asia to India and NVorth Africa {(theeseman 1925).
An accmuntVof the accidental introduction of the species into
Australia cives the period as 1880-1890 (Gardner & Dunne, 193%).
Trom there, probably, it spread to New Zealand. Though the
actual time of its arrival cannot be stated, it was recorded by
Cheeseman in 1906 near Auckland, where for many years it has been

known as '"Mangere' clover.

(2) Varietal Diversity and Pure Lines.

A considerable diversity exists within the species, numerous

varieties or strains having been recognised. These strains have

been named according to districts and localities in which they
were found. As a result there are a number of synonyms.

That these strains are pure lines has been demonstrated both
in Australia and Vew Zealeand. Harrison (19%3) has recorded that
to twenty pounds in two years without a single variant appearing.
Harrison (1935) also states that Y....Tallsroock has hred true +o
tvpe over a period of vears in the Burnley Pasture Plant Research
Field, The flowers are normally self-fertilized and each
generation of plants has great stability of type, though growing
side by side with other strains'. The Grasslands Division of

the Plant Research Bureau of New Yealand has conducted large

scale single plant trials and no variants, in numerous strains



tested, have apreared. That the strains are pure lines is to
be expected aé the florets of the snecies are self-Certiliged,
in fact cleistogamous (Donald & Weal-Smith 1937: Hunter 1931 ).
Donald & Weal-Smith consider that "...mutation is the likely

primary cause of the range of distinct types existent'.

(3) CGrowth Habit.

vost strains of Subterranean Clover possess a prostrate
growth hebit. This is typical of Dwalganup, Nangeela, Vt.Rarker
and Tallarook strains, shown in Tigs. 1 - L. me strain,

Burnerang (Fig. 5), has a characteristic erect, bunchy habit.

(LL) Calyx Varking.

The calvces of many strains possess a red band at the base
of the lobes. This banding is characteristic of the Mt. Barker
and Burnerans strains (Fics. 6 and 7). Other strains, such as

Dwalganup, Nangeela and Tallarook, possess no marking on the

calvx tube. These unmarked types are shown in Figs. 8, 9 and 10,

(5) Scope of Tnvestication.

The primary purposes o the project have been to study -

(2) The inheritance of growth habit.

(b) The inheritance of calyx marking

Ag far as is known at present the two habits are of ecual

R
[

value from a pasture point of view. Wr@séno@ or absence of

calyx marking may arpear of 1little moment, but for an understanding
of the genetical make-up of a snecies such preliminary studies as
these are necessary. Whichever growth habit he Tound more
valuable, knowledge of its mode of inheritance must be obtained

in any attempted building of new strains by breeding. The value

of knowledge of the ihheritanc@ of a gualitative character such

as calyx-marking lies in its possible linkage with Jess easily

recognised characters.

(6) Method of Aoproach.

PFybridization of strains, followed by a study of the ®.1 and

193



B.2 generations has been the method of study. This involved

emasculation and hand pollination.



_The Parent Strains and their Growth Habits.

Pig. 4. Dwalganup.(S.1). Tig. 2. Nangeela.(S.3).
Typical prostrate habit. Typical prostrate habit.

Fig. 3. Mt.Barker. (S.4). Mg. L. Tallarook. (S.5).
Typical prostrate habit. Typical prostrate habit.

Fig.5. Burnerang. (S.2).

Typical erect habit.
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The Parent Strains and their C

-

alyvx Marking

Fig.6.VMt.Barker. (S.L). Fig.7.Burnerang., (S.2).

Distinet red band at Calyx marking paler than
base of calyx lobes., Mt.Barker but distinct,

Fige.8.Dwalganup. (S.1). M g.9.Nangeela. (S.3).
No calyx marking. No calyx marking.

Pig.10.Tallarook.(S.5).

No calyx marking.



SECTTON TT,

TECHNIQUI,

Tsnally, the infloresence contains three florets, but four
are not uncommon and five are produced at times. The florets
are small, 10 - 15 m.m. in length, and hybridization in the field

is rendered extremely difficult, 1f not impossible.

(1) Symbols used for Parent Tynes.

Svmbols were adopted for the parent plants and strain names

dispensed withoe The symbols used were:

S denoting Dwalganup strain.
8.2 " Purnerang "
8.3 1 Nangeela i
a.l 1 Mt. Rarker 1"
8.5 i Tallarook "

(2) Culture of Parent Plants.

on 15/5/%7 a number of seeds of each of the five strains
%éremégﬁﬁ;wwaiﬁéily one seedling from each was selected asg a
parent plant and grown in an eicht inch pot. Meillan (1937)
stated that at Canherra mildew caused some difficulty with potted
subterranean clover planis. Yo trouble was experienced during
this study, however. MeMillan also stated that wilting will
interfere with seed setting. Accrrdingly, some spare plants were
subjected to wilting and the infliuence on seed setting noted. Tt
was Tound thaet wilting at the time of pollination, or even several
davs later, caused the failure of seed-setting in most florets.

Severe aphid infestation occurred on two occasions. This was
treated with NWicotine sulphate according to Cunningham's (1935)

recommendation. The method completely destroved aphids on each

occasion.

(%) Scheme oFf Crossing.

The scheme followed was that of diallel crossing, in which

egach parent was crossed with each of the olthers. Crosces were



made in both directions i.e. a parent was used both as a male
and a female. The crosses were designated as Y1 to ¥ 10,
while their respective reciprrcal crosses were X 1A to X 10A.
The syvstem of allocation of cross-numbers is shown in Table TI.
Orossing was carried out over a period of two months. This
period is longer than necessary, but a fairly long neriod must
bhe covered when early and late-flovering strains are to be
erossed. Differential treatment, such as in time of sowing, or
in lengthening the day for late strains by artificial lirhting,

wonld shorten the period.

Showing the svstem of allocating cross numbers
and the crosses involved.

Parents Crogs Yumber

Female Male

" 8.3 e

it o
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! 5.5 L7

Sl X .1 X 3A
" 2.2 L 6A
it S. X BAH

3

" 5.5 10
1
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.5 b 3. LA
1 R X TA -
" 5.% X 9A
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(L) Method of Emasculation.

Hybhridization involved emasculation and hand pollination.

At the time emasculetion was commenced, descerivtions of suitable

Lo

means of performing the onerstion had not heen seen. Mo record

Tealand was aveilasble, MeWillan's

*

of any such hybridization in

article came to hand shortly after this, in which he described

a method which was spparently satislactoryv. Hevertheless, his

ra

method of seraping out the anthers with a blunt needle proved to
be tedious and not vparticularly safe, as it was necessary to

remove the anthers at a time when they would rupture easily.

A more satisfactory method was evolved which, though slow,

wag faster than that of MeMillan and definitely safer. This

Lol

method, which was used throughout the work, consisted in openin
the floret and removing the anthers with fine pointed forceps.
The amall nature of the florets necessitated some Torm of

-

magnification and, as both hands must be free, a binocular

4

digssecting microscove, giving a magnification of 25 ¥, wag
employved, The tvpe of bincculaer microscope which is worn on a
head-band probably would prove most useful.

Good lighting of the florets undergoing emasculation was

NECESSarTe For this purpose a 100 watt pearl tvoe la

., AN an
opague shade, was used. This allowed bright illunination of
the object, while the operator's eves were protected from the
lighte.

The peduncle was held firmly on the bench top with the aid
of drawing pins, and was protected from injury by means of strips
of rubber placed under the heads of the pins. PRlack paver, such
as photographic goods are vacked in, was found to be of great
assistance when placed under the florets on the bench top. This
made the Cloral parts more easily distinguished. A1l the floretls
in a head were utilized except those in which anthers had burst

3

naturally or during emasculation. Mg.11 shows the genersl

arrangement during emasculation.



g, 11, %?mm1rv the general
rangement of nent during the
&

50

culation op z0717u4+10n operat-

Opposite calyx lobes were grasped, each with a pair of

foreceps, and peeled back towards the base of the floret. The
keel was then opened and the lobes turned bhack. In some cases

this could be done directly; in other cases the wings first had

to be turned back. This depended on the vosition of the floret
on the bench. At timesg, Tor more easy manipulation, a wing or

one or more calyx lobes could be removed entirely with no
gubseguent ill-effects on the floret.
Once the keel was opened 1t was not difficult to grasp the

anthers and remove them with one pair of forceps,while holding

the Clovet with the other pair. The anthers wmight be removed
gingly or in one or more bunches, this again depending on the
position of the floret. Jare had to be taken not to injure
the style or stigmsa, The anthers were counted as removed 1o

ensure that all had been taken out, and the forcens were sterilized

in alcohol af'ter each operation. Tt was found necessary to



emagculate the florets at & sthe

o

e one to two davs before the

anthers would dehisce normally. At this stage the corolla

s

ig sufficiently developed to about egual the cglyx lobes in

length, or no more than slightly project beyond them. The
anthers are then firfm and resistant to rupturing. After emascule
ation had heen completed, the keel, wings and calyx lobes were

replaced in position over the style Tor its protection. The
infloresence was then distinguished by tyving a small Tabel to

its peduncle and recording on it the "SY number of the plant,

nunher of Florets emasculated, and the date. Duplicate entries
were made in a note bhook kept Tor the purpose. Bagging of the

emaasculated florets was considered to bhe unnecessary as the

rigk of accidental pollinstion is negligible.

’

(5) Other lVethods of Bmasculation.

Since completing emasculation by the Torceps method other
methods have come under notice, and one method has been tried
which must be considered as more efficlent than that used.

¥irk (193%0) used a suction method for emasculating florets

of Welilotus. Suction pressure was obtained from a water tap
to which a suction pump was attached. A glass nozgzle with a

small bore was atitached,.

Savage (1935) used the suction pressure from the manifold
of an idling car engine, and utilized an hypodermic needle in
place of the glass nozzle.

Fi1l (1937) used a car wind-shield wiver to obtain suction
pregsgsure for emasculating sugsr-cane flowers.

Wirk's method, with Savage's modification of an hypodermic
needle was experimented with in the vear following the main
emasculation work. The method proved highly satisfactory,
and congiderably Taster than the Torceps method. The anthers

are plucked off and carried away by the alr-stream as the needle

is moved about from anther to anther, Danger of bursting anthers

i

is eliminated almost entirely, and manipulation of the flower

is more satisfactory generally.
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Oliver (1910) used a jet of wabter for depollinating florets,
but his method does not appear at all satisfactory, especially

as the anthers were permitted to dehisce before the operation.

That the method used was reasonably satisfactory, however,

can be seen from Table IV (page 18) which shows that 69% of

emasculations followed by hand pollination were successfule

(6) lethod of Pollination.

Pollination immediately following emasculation proved to be
largely unsuccessful since emasculation was performed at an early
stage. Tt was necessary, therefore, to wait until such a time
ag the stigma became receplbive, Thisg time was at least one day
after emasculation, while pollination two daves after emasculation
was still successful.

A direct method of pollination was emploved in which the

anthers from the desired male parent were brushed over the stigma.

the female parent. The stigma had been prepared by Folding
back the floral parts of a nreviously emasculated floret. Anthers
were chosen which had recently burst, and it could be seen
readily whether pollen adhered to the stigma, as the operation
was carried out under the microscope. The floral parts were then
replaced over the pollinated stigma and labelling completed by
adding to the previous data the "S" number of the male parent and
the date of pollination.

To enable the male parent in any cross to be recognised at
a glance, a colour svstem was emploved. A colour had been
allotted to each of the five parents, and, whenever & parent was
used as a male a plece of wool of its corresponding colour was
tied around the peduncle of the pollinated infloresence. Omly
one male parent was used to pollinate the florets of any one

infloresence.



(7) Harvesting and Sowing the Seed from the
P.1 . and B.1 Plants.

Harvesting of seed from the P.1 plants extended over a period
from mid-December to early January. The seeds from which the
m.1 plants were to be grown were sown in boxes on the 27th April
in the glasshouse. Germination was satisfactory, seed from five
of the crosses germinating 100%, seed from one cross germinating
50% and the averagé being 85%. The F.1 seedlings were planted
out on the 22nd August 1938, in rows, and were spaced 3 feelt apart
each wav, This wide spacing was to allow good development and
at the same time to permit of each plant being harvested separately.
Despite this precaution it was necessary to trim the trailing
stems back at times to prevent the plants growing one into ancther,

Since the pure-line status of the strains had been well
established, it was considered unnecessary to study a large T.1
population. But, for purposes of comparison, 10 TL.1 plants
from each parent were put outb. The plants finally put out
consisted of these 50 L.1 plants and 121 F.1 plants from the
various crogsses and thelir reciprocals.

The F.1 plants were harvested separately on the 12th Jenuary
193G, Climatic conditionsg for ripening and harvesting had not
been good, the weather being wet and dull. As the number of
plants would be very large it was impracticable to gtudy an F.2
from every cross or even from every F.1 plant of a particular
Cross. The F.2 plants to e studied had to e limited to s

number raised from several F.1 plants only of sulitahle crosses.

[65]

Suitable crosses were X 5 and ¥ 5A (Parents: Nangeela (S.3) and

Burnerang (8.2) ) for growth habit study, and ¥ 8 and X éA
(Parents: Nanpgeela (S.7%) and . Barker (S.4) ) for calyx marking
study. Seed from two F.1 plants of both the cross and reciprocal
was to be used in raising an .2 1&?@@ enough for study but not

too large Tor the land available,.

fne box was sown with seed from each of the following .1



plants = X 5/2, X 5/5, X 5A/L, X 5A/5, X 8/2, ¥ 8/3, X 8A/1,

¥ B8A/B These sowings were made on ?7/1/;,? a Tortnight affer
harvesting. Tarly sowing was made go that it might be possible

to complete the project in the time available, particularly where

floral characters were involved.

(8) Germination of Hybrid Seed.

MeMillan hes s tated that his efforts to germinate subterranean
clover seed immediately after harvest failed, and that a definite
rest period appeared NEcCessary. This proved to be the case with
seed from the F.1 sown on 27/1/39. Germination was exceedingly
disappointing. Segd from three plants only had germinated to
an extent of over 10% after a month had elapsed. The three
7.1 plants which produced more than 10% of seedlings are as
Pollows, with germination figures in parenthesis : X &/2 (80%),
XOeA/1 (15%), X 8A/5 (LO%

Seeds Trom the remaining F.1 plants of the above crosses
were placed on moist filter paper on 13/3/39. Germination was
negligible in each case. Apparently such seeds, though mature,
required a period of "after-ripening! before they would be
capable of germinating. Thig after-rivening possibly may be
connected with the activity of enzymes within the seed or the
production of phytchormones. Tt was thought that if suitable
means could be adopied, this alter-rvipening process might be
accelerated. Wo facilities were available for testing the effect
of gtorage at different termperatures along the lines of Hyde's
(19%6) work with "new season's'" Algerian oats. There was the

possibility that enzymes, or their products could be supplied

to the seeds. It happened that experimental wretting of linen
Tlax was proceeding in the vicinitv. In this retting processg the

flax undergoes FTermentation in a tank of water and a strongly

smelling ligquor ig produced which has an acid reaction.

"5/2% indicates plant No.2 of the F.1 of ¥ 5, and so on.



with the idea in mind that such liguor might contain
enzymes, organic acids or other products of fermentation, it was
decided to try out the effect of such liguor on germination,
Unfortunately 1ittle seed was available Tor an exhaustive trial,
seed from the F.1 being too valuable Tor such purposes. However,
100 zseeds from a plant (¥ 104/3) were used. On 7th Warch 50
of these were placed on Tilter paper moistened with tap water,
and B0 on papver moistened with vetting liguowr. Tn 5 days 50%
of the liguor treated seeds had germinated, and none of the water
treated. After 10 dayvs, no more of the seeds had germinated
in either case and the experiment was discontinued. Though no
canclugivg result had been reached, an indication was cgiven that
such treatment accelerated germination. A1l seedlings raised

after this were Tirst germinated on filter paper and then pricked

out into boxes,. This ensured that the maximum number of plants
ver box could be grown. Hince the vetting liguor had had no

deleterious effect on germination, and indicationsg were Thaet it
was beneficial, the filter vaver used after this in germination
of seeds was molstened with the licuor.

Lo

It has been suggested, in literature describing the commercial
- prevaration "Hortomone A", which is used to some extent in rooting
cuttines, that it might be of some wvalue in accelerating

germination of sceds. Accordingly a solution of Hortomone A

P

wos used, 1 part in 320 varts of waler, This.atrength had
been recommended in the litrorature for use on soft cuttings,
though it was pointed out that such a concentration wag harmful
to some soft cuttings. One hundred seeds from two F.71 plants
of two crosses were soaked overnight (28/%/39) in a 1 in 320
solution of Hortomone A, and a similar series in tap water. The

following morning the seeds were removed, vinsed, and placed on

filter paper moistened with water. After 6 davs the following



germination percentages were obtained:

Plant 1o. Hortomone A Water
X 7/ 16 21
74/ 9 2l
10/2 20 51
10A/2 17 28

Prom these results it can be seen that Hortomone A, at
this concentration,and Tor the period used,depressed germination
of subterranean clover seeds. Mo lasting depression was caused,
however, as final figures were much the same in each case. The
maximum possible germination percentages were not obtained, as
when sufficient seeds to £ill a box had germinated the experiment
was discontinued. The test indicated also that seeds were
becoming "after-ripened", since germination of water moistened
seeds was fair.

hen sufficient seedlings to ©111 a bhox with the progeny
off each of the Tour plants used in this test had been obtained,
seeds from one more F,1 plant of each cross and its reciprocal
were germinated and pricked out in hoxes. On 13/6/39 bulked
seed of the F.1 of each of two ecrosses and their reciprocals

were sampled and placed on filter paper to germinate. The

£

crosses and reciprocal crosses were X 5, ¥ 6, X A, ¥ 6A. Seed
from B,1 plantsg of X 5 and X B5A had previously shown very low

germination (27/1/39). Tn this case,however, germination

proved to be excellent, as is shown in Table II (page 1L).
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Showing the results of germination on filter
paper of T.1 seed. Seed of similar origin had pre-

viously shown very poor gerwmination.

&

Cross To. . X5 | XB5A %6 X 6A
% Cermination 20/6/39 82 § 75 | 50 | 51
% Germination 28/6/39 oL 83 | 67 : 83

7 ward seeds 28/6/39 L 12 oy 16

7% Germination i

o1

//7/39 1 QQ : 96 i 91%4 . ; 98

The "hard”Vseeds (seeds with an impermeable testa) were
ascratched following the count on 28/6/39., Aaditional germination
after this date has been due mainly to germination of these
acratehed seeds. Scratching was effected by rubbing the seeds
between sheets of sand-papel,

Of the original box sowings of seed from F.1 plants, only
those of ¥ 8/2 and X 2A/5 provided sufficient 7.2 plants Tor study.
Seed of X 7A/2 had germinated in sufficient cuantity, in a later
sowing, Tto produce a reagonably large 1,2, The bulk of the F.2
finally grown consisted of progeny of the following ¥.1 plants:
X7/, X 7/5, X 7TA/, ¥ 7A/2, x 7AMAL, X 8/2, X 8A/B, X 10/2,

¥ 10/%, ¥ 10A/2, ¥ 104/5 and of the bulked F.1, of T 5 1+ BA and
X6 + 6A, Seeds of most of these were germinated on filter-
paper, pricked out inte boxes, and finally planted in the plot.
Some F.2 families were grown early enourgh to plant out in the

avtum of 1939, but other families were not vlanted out +ill the

spring. Since the spring was dry these latter plants made poor



- 15 -
growth, but sufficient for the purposes of the study.

(9) Photography.

A1 vhotogravphic work has been carried Qut by the writer,
The camera used was a Voigtlander with an f.4.5 lens. Since
no enlarging apparatus was available, a supplementary lens was
utilized after some experimenting. This lens, which fitted over
the original lens, enabled cloge-up photographs to be made of
florets, Contact prints made Trom negatives produced with the
eid of this supplementary lens have an image 1% x natural size.

three feet from the bbject.
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SECTION ITT.

SULTS .,

(1) Seed Setting of the P.1.

Crosg fertility is shown in Tables TII, IV and V. TFrom
these 1t 1g evident that zeed yileld differed widely in the
various crosses, but thet the fertility of the parents, whether
used as male or female, varied 1ittle on the basis of total seeds

produced by each parent.

Tables ITI, IV and V are presented on pages 17 and 18.
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TABLE TTT.

Seed setting of the P.i.

Showing number of Florets emasculated
and pollinated, and number of seeds harvested from

the parent plants in the various crosses.

Parents. No. florets emascul-— Ho. seeds”
ated & pollinated. harvested.
Wemale. Male .
8.1 5,2 16
e e [ 1 :‘3
" 5.3 11 9
o g, 15 6
i 4.5 12 9

i
;‘ £
o
0 o «
* 2 £
oy =
N
O o~
Oh =1 U

i 3.5 & 6
S5 S 12 10
" 5.2 16 11
t ol 8 %
1 9.5 ‘1],5. 11
S.l S 7 L
" 8.2 10 L
i 9. % 11 7
i 8.5 9 a8
SN S 12 g
i 8.2 & 8
" S 12 6
1 ST 10 7

Totals 217 149




TAPLE IV.

Tertility of the Parents when usged

I. )

ag @

emales.

Remale Parents S S S.%3 181 8.5 Totals
No. of florets of each parent
emasculated and vollinated. Bl Al 50 37 L2 217
No. of seeds harvested from
each varent. 57 2l 35 123 30 119
Seeds harvested expressed
as percentage of emasculations | 68.5 | 70.5 | 70.0062.1 71.L| 68.6
' !
§
(Data from Table III.)
Pertility of the Parents when used as ¥alesg.
Male Parents S 5.2 8.3 8.4 [8.5 | Totals
Mo. of florets pollinated by
each male parent. 38 50 L3 L3 L3 217
Mo. of secds harvested alter
vollination by each male parent.28 26 29 22 2l 149
Seeds harvested expressed as
percentage of pollinations. 73.6 | 72,0 | 67.L151.1179.1 6£8.6




Tehles IV and V show that S.4 (Mt.RBarker) has been least
Pertile and S.5 (Tallarook) most fertile whether used as a male
or Tfemale, The differences are not ghreat, howeveg, and since
cross-Tfertilization does not take place naturally, the results

cannot be taken as a guide to field fertility.

(g)ﬁa,ﬁeneral Observations on the F.1.

There appeared to be an expression of heterosis in at least
some of the hyvbrid families. This observation is limited
however, by the small number of F.4 plants within any cross or
reciprocal and also by the uneven Tertility of the plot soil.
Plants within any particular cross or reciprocal were similar,

their parents e.g. in proporvition of stem and leaf. In leal
most intense markincss e.g. S.3 (Nangeela) had a pronounced white
crescent on its leaflets, and other strains had less dstinct
markinges. The 7.1 plants from a cross of 8.3 with any other
parent approached 9.3 in intensity of marking., Similarly the
characteristic chocolate base of the leaflets of 3.5(Tallarook)

of
appeared in the F.1 of crosses/8.5 with any other parent.

Te General Ohservations on the P.Z2.

Since the F.2 studied was limited to progeny from sultable
crosses, the observations apply only to the F.2 from X &5, ¥ 6,
¥ 7, X 8, X 10 and their reciprocals. Segregation in the F.2
was evident for such characters as stemminess and leafiness,
leaf marking, calyx marking, growth habit, time of flowering etce
The ranges of variation were similar in families derived from the

F.1 plants of the same crogses or reciprocals.

(3) a. Crowth Habits of the F.].

Fvery F.1 plant from all crosses and reciprocal crosses

wag of prostrate habite This is shown in Figs. 12 to 25.



Growth

Habits of the F4 Generation.

Female Parents are me

tioned first in each case.,

Pig.12. Cross 1. Fig.13 Cross 1A.
Dwalganup x Burnerang. Burnerang x Dwalganup.
(Prostrate x Erect). ( Brect x Prostrate).
Progeny prostrate. Progeny Prostrate.

Fig.14. Cross 5. Fig.15. Cross HA.
Burnerang x Nangeela. Nangeela x Burnerang.
( Erect x Prostrate), (Prostrate x Erect).

Progeny prostrate. Progeny prostrate.

Fig.16. Cross 6. Pig. 17. Cross 6A.

Burnerang x Mt.Barker. Mt.Barker x Burnerang.

( Frect x Prostrate). (Prostrate x Erect).
Progenv prostrate. Progeny prostrate.
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Growth Habits of the Fy Ge:

Female Parents are mentioned first

e Fy4 Generation,

i [ e e T
Burnerang allar
( Brect ¥ Prost

Progeny prostra

Fig.19. Oross 7A.
Tallarook x Burnerang.
(Prostrate x Erect).
Progeny prostrate.

Fig. 20. Cross 2A.
Nangeela x Dwalganup.
(Prostrate x Prostrate).
Progéeny prostrate.

B g.00. Cross 3
Dwalganup X Mt.Barker.
(Prostrate x Prostrate).
Progeny prostrate.

Fig. 22, Cross 4.
Dwalganup x Tallarook.
(Prostrate x Prostrate).
Progeny prostrate.

g,
T

/4
(

23. (Cross 8.
angeela x Mt.Barker,
Prostrate x Prostrate).
Progeny prostrate, -



Growth Habits of the ®, Generation.

B et

Female Parents are mentioned first in each case.

Fig. 2. Cross 9. Fig. 25. Cross 10.

Nangeela x Tallarook. Mt,Barker x Tallarook.
(Prostrate x Prostrate). (Prostrate x Prostrate).
Progeny prostrate. Progeny prostrate.
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Dominance proved to be complete, no types intermediate between

prostrate and erect appearing.

b. Growth Habits of the F.2.

There were 507 F.2 plants from the following F.1 hybrids
of prostrate parentage: X 8/2, X 8A}%:;¥@?0/3, X 10A/2, X 10A/5.
All P.2 plants grown.from these hybrids were of prostrate habit.
Segregation for other characters took place as has been explained.

Of F.2 plants derived from the F.1 of crosses of prostrate
and erect habits, 327 were planted oute. F.,1 plants which
produced this F.2 were X 7/1, X 7/5, X 7A/1, X 7A/2, X 7A/h.
Seed from the F.1 of X 5 and 5A, and X 6 and 6A had been bulked
for a germination test as previously described. Forty plants
were raised from each of these bulked samples.

Segregation for prostrate and erect habits took place as

is shown ih the following Table VI.

TABLE VI.
Showing segregation for growth habit in the F.2 of crosses

involving parents of prostrate and erect habits.

P.2 raised Number in Number of Number of
from F.2 popul- prostrate types erect types
P.1 plant ation. in'P.2. p i B\ (%
X 71 70 57 53 13 17
X 7/5 69 59 §1 10 17
X 7A/ 70 5h §3 16 17
X 7A/2 38 9 27 1% 11 1o
X 7A/M 80 63 GO 17 28
Bulked
X5+ 5A Lo 28 30 12 |0
Bulked. '
X 6 + 6A Lo 33 306 7 10
Totals Lo7 324 oy 86 —
193 10 b | 672
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The erect types appearing in the F.2 were quite as
distinet as the original S.2 type. Fig.32 shows a general

view of segretation for growth habit.

Fig.32. Showing a general
view of segregation for growth
habit in the F.2 of a cross
(X 7A) of prostrate and erect
types.

(4) a. Calyx Marking of the F.i.

Banded calyx proved to be dominant, all F.1 progeny
from crosses of marked and unmarked parents, or marked and
marked, being banded. The F.1 of crosses of unmarked types
were unmarked. All 7.1 plants within a cross were similar,
and the cross resembled its reciprocal. Figs. 26 to 31 show
typical florets from the F.1 of representative crosses.

It proved difficult to Jjudge whether dominance was com-
plete since the expression of the dominant character appeared
to be influenced by environmental factors. ILight appeared to

exert an influence on intensity, and may control the expression



A >
- ~ £ 5 9 . o~
‘emale Parents are 1 1oned 8% 1M 8¢ Caset.

FlEezZO0 r'oss Je 18 &fe rPosst
ang X Mt.Bark
>d x Marked).
Progeny marked.

.

eTr
Cl e

ross 10.
Nangeela x Mt.Barker. Mt.Barker x Tallarook.
(Unmarked x Marked). (Marked x Unmarked).
Progeny marked. Progeny marked.

; = : PRI
Fig.28, Cross 8. Pig.29. Oros
1

3 7

Fig.30. Cross 2. (Centre).
Dwalgcanup x Nangeela.
(Left) (Right).

(TTT":M;?» rked x Tnmarked)
ima U S S LLITICL AL .

Progeny unmarl
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of the character, since young buds as yet hidden between
the stipules did not show the chéracter. Tf the genetical
make up of the plant were suitable such buds developed the
band of colour when they reached the light. Similarly
the marking of calyx tubes developed entirely in the shade
of foliage did not reach the intensity of colour of those
developed in full light. Also, 3.2 had a marking fainter
than that of S.h.

b. Calyx Marking of the F.2.

Segregation for calyx marking took place_in thel B2k
Amongst the marked segregates there were obvious differences
in intensity of marking, while unmarked were distinet. In
the F.2 of a créss invelving unmarked 8.3 and marked S.L it
was noticed that in, some types otherwise classified as
"unmarked" there were individualsnin which the calyx lobes
presented a reddish appearance, which sometimes extended
s8lightly down the tube; itself. This coloration of the lobes
is considered to be guite distinct from tﬁe banding of the
tube at the bése of the lobes, since some banded calyces
had their 16bes green with no trace of reddish coloration.
nSiﬁilarly, some unbanded calyces had their lobes coloured.
The proportions of marked and unmarked types appearing

in the F.2 are shown in Table VII (see page 23.)
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TABLE VIT,

Showing segregation for calyx marking in the
?,2 of erosses involving parents of marked and

unmarked types.

W.2 raised | Number in Wo. of marlk Wo. of
from B.2 pop- ed tvpes unmarked
F.1 plant. ulation. in B.2, types in F.2

M

G
(3
5y
:
-
i

X 8/2 80

x 8A/55 39 o8 30 - 11 g v
X0/ 70 5l G841 16 {lo
\ X 10/% 69 50 &fiw -

X 10A/5 1 09

. Nﬂwﬁa"“*wﬁ.ﬂm’w‘mu |

. 7A /1 70 %

Totals 507 %69 108

The intensity of marking varied from a shade as deep as

that of S.L to a shade as pale as that of 9.2,
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SECTION TV,

DISCUSSION,

(1) mmasculation, Pollination and Seed-setting.

From Tables IV and V on page 18, it has been seen that 69%

o

" of emasculated florets produced seeds. Probably the unfruitful

w—p

emasculations (31%) were due to faulty pollination technique

as much as to emasculation method. Fmasgculation may be
performed at any period during the day, but it is probable that
the morning before the heat of the day, would be most sultable.
At this time the maximum number of florets are in a sultable

condition, whereas later in the day many anthers mature rapidly,

as atmospheric temperature rises in the glasshouse. Practically

[N

all emasculation done in this project has Deen carried out
between 7 p.m. and 10 p.m., but this time was uvtilized from
necessity rather than from its superiority.

Tirk's method of emasculation, which has been described on
rage &, with Savage's modification of a hypodermic needle, has
heen discussed in the same section. It has been remarked that
the method appears to be superior to the cne used.

The success or failure of pollinstion could bhe ascertained
at the end of five or six days alter the operation by viewing
the ovaries of pollinated florets with the microscope. IF
successful, the ovary would have commenced to enlarge, and would
he green and plump. Also, unfertilized florets withered and
died while Tertilized florets Ffolded back along the peduncle.

MeWillan, in work carried out at Canberra, had found that
florets were intolerant of injury. For instance, he states
that "...whenever the calyx was injured the flower died'.

In this study, however, the flowers proved to be very tolerant
of injury. It has been described how the calyx lobes were
folded bhack or some removed cgmpletely{ The same spplied to
parts of thé corolla. Posgibly climatic conditions were

sufficiently different from those at Canberra to influence



results here,

(2) Germination.

T+ hag heen shown that the seeds of Subterranean Clover

must undergo a veriod of "after-ripening' before they are

m

capable of germinating. Probably the few seeds in a sample
which germinated were those Tirst Tormed, and so had had a
gufficient time for after-~ripening between maturity and sowing.
Since it was posgsible that the pecularity was confined to
seeds of the F.1, trials were made with seed of the T.1 of

the various parents. Results in this test of L.1 seed were
gimilar to those of F.1 seed,

Reference to noteg previously made showed that the F.1
plants of a cross or its reciprocal had flowered within a
few dave of each other, so that the differences in germinating
capacity of seed from similar gethyp@S could not be due to
this factor. If the pure-line status of the streins is
accepted, then each plant of the F.1 of any one cross or its
reciprocal must be indentical genetically. The differences
in gperminating capacity then, must be attributed to external
factors -—- the environment.

From the trial of the effect of retting liguor on
germination, which has been described on page 12 , it appeared
that the liguor had an accelerating effect on germinatioh of
seeds in the particular dormant stage encountered., Though
inconclusive, since no replications in the trial were possible,
the regults indicate tﬁat future work along these lines will
be useful. Any method which enabled a worker to germinate
such geeds immediately aflter harvest would be valuﬂble;
particularly where 1t was desired to raise two generations in
one yvear in the glasshouse, and so speed up the work of

selection following hybridization.
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Regarding results with "Hortomone A" i1 has been seen
that the concentration used depressed germination, but had
no lasting effect. While it has not been possible to obtain
information on the active substance or substances present in
this commercial preparation, it is probable that the inhibition
of permination is connected with the concentration. Went and
Thimann (1937) have shown that & high concentration of auxin
inhibites root growth, and that extremely low concentrations

may accelerate root growth.

(%)  Growth Habit.

Tt hes been stated that the strains of Subterranean Clover
are pure lines. Hence the strains breed true for growth
hebit, and individuals of a strain must be homozygous Tor the
factors influéncing the habite. The F.1 populations, derived
from crogses of five distinet @train types, show that the
prostrate habit is d ominant over;erect habit. The factorial
basis of inheritance cannot be determined, however, from the
B.1. | For this reason an ¥.2 population, derived from the
P.1 of suitable crosses, has been studied. Tn this F.2 pop-
ulation segregation has ftaken place Tor growth habits, the
erect type of 5.2 reappearing. From a study of the ratios
obtained in the .2, and from the type of 7.1, an hypothesis
may be submitted. that growth habit is inherited in a simple
Mendelian manner, erect type being recessive to prostrate.

To test this hypothesis, it is necessary to decide whether the

retios obtained depart significantly from the

3 ¢ 1 ratio
expected in an F.2 of this nature, Uge has been made, there-
fore of the test for "goodness of Fit" of a Mendelian ratio.
ginnot & Dunn (1932) present a method éf doing this whiéh
involves determining the Standard Trror of the vrovortion of
one type within the F.2 sample. To £ind the standard error

of one type the following formala is used:



Standard Brror of the proportion = \/np (1 - 1)

where n

i

sire of sample
and 1 = proportion of a tvpe expressed
as a decimal.
To applyv this to the prostrate type proportion of the
™. 2 population derived from the F.l1 plant X 7/ -
n = 70

p ﬂ = 008

il

Barriﬂg‘any influence but sampling errors in the seed of
the B.1 from which the population arose, the chances are 0,997k
that the true number of prostrate types in every 70 lies bhetween
70 £ % x 8.E. of P, or between 67 and L7. The expected number
of prostrate types, on the basis of the hypothesis, is 53 (£ x 70).
This Hes hetween 67 and L7 and there is, therefore, no signi-
ficant departure froma % 1 ratio.

Table VIIT, set out below, shows each of the ratios treated
according to the method described above.

TAPLE VIII.

RSO ——

7.2 growth habit ratios examined Tor "goodness of fit'.

&

H ¥ T
{ [ {

| | (X5+5A  X6+6A

P.1 plant which | | | | | |
CLT7/5 0 X TA/MVE 7A/2) X 7A/L Bulked ) Pulked

‘produced an F.2 X 7/

plants (n) 70 £9 70 38 &0 Lo Lo

Mo.nf prostrate
types obtained
in .2 () 57 59 5L 27 63 28 33

Standard Error

of p 3.3 2.9 3.5 2.8 3.7 2.9 2.4
Range of vrostrate
nroportion

(vX3 x S.E. of p) L7-67 50-68 UL3-65 10-36 52-7 419-37 26-L0

To.of nrostrate

types expected

in 7.2 (£ x n) 5% 52 53 29 60 30 30
Whether depart-~

ing significant-

1w from a % 21

ratio. Mo o o No Ho jifo) Ho




Trom these results there is little doubt that growth

habit is inherited in a simple Vendelilan manner, the express

e

oI
of the characters being controlled by a simple Tactor pair. IT
the dominant allelomorph is distinguished as "P" and the
recessive as 'p', then the factorial coﬁstitution determining
the growth habit of the homozygous prostrate type may be written
as PP, while that of 8.2 18 Dp. The hybrid from a crosg he—
tween prostrate and erect is then Pp (prostrate), while the

.2 from selfing Pp congists of 1PP: 2Pp : 1pp, or on a
pvhenotypical basgis 3 prostrate : 1 erect.

Tt has been remariked in the introduction that Donald &
Neal-Smith consider the likely primary cause of the ranges of
distinet tvpes within the srecies to be mutation. Sinnot &
Punn remark that "One characteristic of new gene mutations is
that they are generally recessive to the wild tyve or to the
condition from which they arose.' Tt is probable, therefore,
that the erect tvpe of Subterranean Clover has arisen as a
recessive mubtant of the wild or @rostrﬁfa type.

A1l possible 7.2 populations have not been studied, but
there is no reason to deoubt that similar results would arise

in all cases of hybridization of Burnerang and vprostrate types.

() Calyx Marking.

Just ag the sgtrains hresd true for growth habit so they
breed true for the presence or absence of calyx marking. The
strains are therefore homozygous for the factors determining
presence or absence of calyy marking. The ¥.1 demonstrates
that the marked state is dominant over the unmarked state. In
crogses between marked and unmarked types the P.1 is marked,
while in the P,2 the unmarled type reappears in vrovortions
which suggest a ratio of 3 marked : 1 unmarked. The pevrfect

ratio is not obtained, but in one case (¥ 10/3) the ratio

obtained is as close as possible (52 : 17, Table VID.



The ratios cbtained have been examined statistically Tor
"goodness of Tit' in the same manner as the growth habit ratios
were examined.

Table IX, set out below, shows each of the ratios treated

according to the method described previously.

7.2 calyx marking ratios examined for "goodness of fit".

7.1 plants ~ ;
which produced X8/2 X8A/5 Y10/2 Xi10/3 YI0A/2 TI0A/5  X7A/M
an ¥.2. %

No. of 7.2 | :
plants (n).- 20 39 70 69 70 109 70

Wo. of marked
types obtaine
ed in F.2 (p). 65 28 Bl 52 145 73 12
Standard ?rror;

of D. . 3.6 2.9

Range of marlf;..%

ad pjﬁoportian !
9

(p * 3 x S.E.

of ). 5L=76 19-37 W-65 L1-63 33-57  58-88  30-54

Wo. of marked
types expect-
ed in ¥.2 s ; :

(# x n). 60 | 29 53 52 53 - 82

1
(e

Thether de-
parting signi- ; ;
ficantly Trom g ’

a 3 : 1 ratio.  No i) Mo Ho o No Mo

$oot

Tn the one 7.2 population studied ( from X 7A) with 8.2

as the marked parent, there was

o

egregation for presence op
absence of colour, but apparent segregation for intensity
oceurred too. In the cross of 8.2 (marked) and S.L (marked)
all the 7.2 were marked asg expected. But segrepgation for
intensity took place, depth of colour varving from a shade

as deep as that of 8.4 to one as pale as that of 8.2. This

range is much wider than any found in the 1.2 of 8.4, and

suggests that modifving Tactors have segregated. In the 7.2



of crosses of 9.1 and unmarked parents (3.3 and 8.5) there
apneared to be segretation for intensity. The variation was

too great to be attributed to environmental factors, since

65}

it was much wider than in the 7.2 of S.hL.

Tt is evident, then, that pnresence or absence of calyx
marking is controlled by a pair of principal factors while
modifying factors influence its intensity. If the dominant

ral

allelomorph for presence of marking is "M', then the recessive
allelomorph is "m", 9.2 and S..L are represented by MM,
unmarked parents by mm, and the first hybrid ceneration as Um.
The F.2 will then segregate into genotypes the proportion

off which will avproximate 1M : 2¥m : Jmm, or on a pheno-

typical basis, 3 marked : 1 unmarked.
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SECTION V.

SUMMARY OF RESULTS.

(1) The inheritance of growth habit and calyx marking in
Subterranean Clover hags been studied by hybridizing five

strains and raising an F.1 and F.2 generation.

(2) Growth habit is inherited on a simple Mendelian basis,

prostrate habit being deminant over erect.

(3) Calyx marking is inherited on a simple Mendelian basis

with the marked state dominant over the unmarked.
(L) Modifying factors influence the intensity of marking.

(5) Subterranean Clover seeds require a period of "after-

ripening", following harvest, before they are capable of

germination.

(6) A method of emasculation has been described together

with an improved method.
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