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i. INTRODUCTION

lucerne ss a crop hes been known for thoussnds
of years, As far back es the history of man goes it was uwsed
in Centrel Asis, being the oldest plent cultiveted for forage
elone. 1% was prized by the Mediens, Grecisns and Romens, the
Fomensg cerrying seed with them to estsblish at their militery
beses. Where known ln Tngland in the 15%h century, it wes
highly prized but wes not widely kmown i1l the 17th century.
1%t wes introduced to Cermany in the 16th century snd Americs
in the 19th centuyry.

Huech improvement has tsken place through the
centuries with the result thet e good variety, suited to the
locality snd well mensged, will give & heavy yileld of green
herbege, when compered with the yield from pssiure.

This hexrbege is produged in the maein during summer periods when
it iz used for the supplementary feeding of csttle and sheep,
and for the production of hay and silsge.

Although lucerne hes many adventeges, it has not

8s yet been gvown to the extent that it deserves in New

Zeslemd., Por instence in the 19385 eesson, just under 40, 000
scres of lucerne were grown out of » totel scresge of Todder
- ecrops of the 1# million seres. Severel ressons may be @ﬁ@@m
for this low soresge, such 28~
{1). The low yield of nmeny stends due to

{a) wrong type of seed sown

{b) 1lamck of inmoculation

{¢} bed mensgement.
{2). The necessity for proper menagement of the sreas. On the
everage Term this often memns incressed lsbour, when such isg

not aveilable,

Weed invesion - chlefly gress - is especislly importent in
regions of high rainfell in the North Islend, such es in
Tarsneki snd North Auvcklend. Here gpecisel prepsration of
the seed bed is necesssry, often mesning cropping for one or

two years previously. Meny fermers too, are not cepsble



(2},
of efficiently utilising the arop when grown.
{8). The disinclinstion of the gresslspd

farmer to bresking
up good permsnent pesture, on whick he cen menege in moat
HEBBOUE .
(4}, The expense for cultivetion machinery on the grassland
farm, which is mot usuelly svailsble.
(5}, Iucerne will grow on meny seniy sress, ond sitoney river
%ﬁﬁk&§ which Wﬁﬁmymm% gupport & permsnent swerd of gress. Here
the yleld of green feed or hay is not large, end farmers heve
gome to regard this poor lend ss the natorel habltet of lucerns,
with the low yield ss charscteristic of 1t. Thus, slthough
8 good lucerne stend will produce s much 88 6 - B tons per
scre of hay per sesson, yet the Dominion sversge yleld is under
3 tons per scre of hey end silege.

| The type of seed sown is the msin concern of this

paper. It hag been show

n 8t Pelmeraton Horth, thaet
Marlborough lucerne is the best generally for New Zesland
conditions. Yet an analysis of importe shows that &
comparatively large quentity of seed is imported every yeaor,
mainly from Bouth Africs. |

TABLE 1. showing importe of lucerne seed:-

Totel South Africs
Cwt. Cwte Velue £.
19383 224 200 66Y
1934 634 621 2,208
1936 543 300 1,318

The climate of NHew Zeslend is good for seed
preduction, end it would be resaonsble to ewpesct that en
export trade shonld be poseible for lucerne seed. But this
hag not been done, New Zealand being unsble to supply her
own seed requirements. The resson for thie cen be found In
the uncertainty of the seed crop, fermers being loth o risk
sllowing the crop to seed,

This uncertainty in seed production, end the

necesslty for improving the general stenderd of lucerne plents
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in New Zesland ceansed the Plant Resesrch Station st

Pl

Palmerston North to commence breeding snd selection work with
lucerne, The problems mwm%ﬁ@%m%& here are ones that heve arisen
during this work, being problems of pollinstion and heterosis.
; Lucerne i unsuslly considered to be cross
pollinated, although a considerable amcunt of self pollinstion
cem oceur, (Piper 1914, Hayes & Gerber 1921, Yersshevsky 1931,
Jenkino 1931, Torssel 1931 etc.,). It hsd been observed on
locel meterial, end oversess experience supported the famot,
that crossed plents generselly were more vigorous then selfed
plentg, snd hed & grester chence of success in competing in
the field, not only with other plents of the specles, but
also with weed growth. Such. incressped vigour is no® doubt
due to hetercsis or hybrid vigour. Beceuse of thig
menifestation of hybrid vigour, syd the very mixed nature
of the average lucerne stsnmd, it is usual to consider lucerne
a8 being very helerozygous, &&%%m&gh Stewart (1934), suggests
thet luceme iz not sas heterozygous se has been supposed.
New Zealend experisnce shows %%y&@m@&m&% lucerne to be a
mixtore of types, some of which sre very heterozygous snd
others less 0. The usual test of hetexsygoslity is the
progeny test, - being & messure of uniformity stitained in one
or two generations of inbreeding. Consequently, inbreeding
is uged extemsively in lucerne breeding work for %%&& pUTPOBES
glone, It is nlso used to produce uniform lines, which of
themgelves ere good epd csn be uged in production of
jmproved strains.

Problems hsve srisen in the praciicel spplicetion
of inbreeding to this normally cross bred plsnt. Thus,
plthough continued inbreeding tends to bring sbout uniformity,
it is usually scoompanied by = w@@ﬁm%&mm %m vigour, in yield, end
in seed production sfier at the most two selfinge. MNeny plsnis
of the serond inbred generation were low in yield, producing
very few peed snd presented problems in their utilisation,.
Obviously compered with the psrente they were commercially

velueless, snd no informetion was available ss to whether or
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SECTION 1.
i, INTRODUCTIONG

Iucerne ss & crop hes been inown for thoussnds
of yesrs. As far back es the history of men goes it wes used
in Centrel Asis, being the oldest plant cultiveted for formge
alone. 1t was prized by the Medisns, Crecliens snd Romens, the
Homame carrying seed with them to esteblish st their militsry
bases. Where kunown In Ppngland in the 15th century, it wes
highly priged but wes not widely known till the 17th century.
It wes introduced to Cermeny im the 16th century end Americs
in the 19th century.

BHuch inmprovement hes tsken plece through the
centuries with the result that & good variety, suited to the
locality snd well memeged, will give s heavy yield of green
herbege, when compsred with the yield from pssture.

Thie herbsge iz produced in the msin during summer periods when
it is used for the supplementsry feeding of cattle and sheep,
and for the preoduction of hay snd silsge.

Although lucerne hag wmeny sdventeges, it has not

ag yet been gwewn to the extent that it deserves in New

Zeslend. PFor instsnce in the 1935 sesson, Just under 40,000
scres of lucerne were grown out of » total scresge of fodder
- erops of the 1% million acres. Seversl ressons miy be @ﬁ%@m
for this low acresge, such =Bl
{1). The low yield of meny stends due to

{a) wrong type of ssed sown

{b) 1smck of innoculstion

{e) bed mensgement.
{2). 7The necespsity for proper menagement of the ares. On the
sverage farm this often means incressed lebour, when such is
not svailsble.
Weed invesion - chiefly gress - is especielly importent in
regions of high rainfall in the North Islend, such ss in
Teranski snd North Auckland, Here specisl prepsration of
the seed bed ip necessary, often mesning cropping for one or

two yesrs previously. Many fsrmers too, are not cepeble



{2).
of @fﬁ@&i@m&&y utilising the arop when growa.
f@}@ The disinclinstion of the gresslsnd farmer to bresking
up good permsment pesture, on which he cen menage in most
gessons .
(4), The expense for cultivetion machinery on the graselend
foarm, which 1s not ususlly svailsble,
(8). Iucerne will grow on meny sendy sress, end stoney river
%@ﬁkw; which Wﬁﬁi’mﬁﬁ gupport & permanent sward of gress. Here
the yleld of green feed or hay is not lerge, snd farmers have
come to regsrd this poor lsnd sa the natursl hsbitset of lucerns,
with the low yield ss charscteristic of 1t. Thus, slthough
8 good lunceyne sitend will produce 88 much as 6 - 8 tons per
acre of hey per sesson, yet the Dominion &w@w@@@ yvield is unpder
@ m@mﬁ per scre of hay and silage.

. The type of geed sown is the main concern of this
psper. It hes been shown st Pelmerston Horth, thet
Harlborough lucerne is the best generally ﬁmk Hew Zeslapd
conditions. Yet an snelysis of imports sbows that a
comparatively lerge quanitity of seed is imported every year,
mainly from Bouth Africa. |

TABLE 1. wshowing inmports of lucerne geed:-

Totel South &fwim&k
Cwt. Cwt, Velue £,
1933 224 200 667
1934 654 621 2,808
1935 543 300 1,318

The climate of New Zenlend is good for seed
production, end it would be respsonable to expect that an
export trede should be possible for lucerne seed. But this
has not been done, New Zesland being unsble to supply her
own seed requirements. The resson for this cen be found in
the uncertsinty of the seed crop, farmers belng loth to risk
allowing the crop to seed,

This uncertsinty in seed production, end the

necegsity for improving the genersl standsrd of lucerne plants
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in Hew Zesland caused the Plant Resesrch Stetion at
Palmerston North to commence breeding snd selection work with
lucerne. The problems wm&%&@mw@@ here sre oneg that heve brisen
during this work, being problems of pollinstion end heterosis.

‘ Lucerne ip usueslly considered to be cross
pollinated, slthough & considersble smount of seld pollinsetion
cen oceur, {Piper 1914, Hayes & Gasrber 1981, Yersshevsky 1931,
Jenkine 1931, Torssel 1931 etc.,). It hsd been observed on
local meterisl, snd overseas experience supported the feot,
that crossed plents generslly were wore vigorous than selfed
plents, and hed e grester chence of success in competing in
the fleid, not only with other plante of the speciles, dbut
glso with weed growth, Suvch incressed vigour is no' doubt
due to heterosis or hybrid vigour. Besoceuege of thig
manifestation of hybrid vigour, spl the very mixed naturs
of the aversge lucerne stend, it is usual to consider lucerne
sy being very heterozygous, %&%%w%g& Stewart (1934), suggests
that luceme is not as m@ﬁwwmﬁygwmw o2 hag been gupposed.
Hew Zesland experience: shows @@w&ﬁ&%&mg@ lucerne to be a
mizxtare of types, some of which are very heterozygous and
others less s80. The usual test of hetexsygosity is the
progeny test, - being s messurs of uniformity stisined in one
or two generstions of inbreeding. Consegquently, inbreeding
is used extensively in lucerne breeding work for %%&a purpose
alone, It i slso used to produce vwniform lines, which of
thenselves are good snd cen be used in production of
improved strains.

Problems hsve srisen in the practicel spplicstion
of inbreeding to this normally croes bred plent. Thus,
slthough continued inbreeding tends to bring about uniformity,
it is usunelly sccocompsnied by 8 w@ﬂmmﬁiwm‘im vigour, in yield, =nd
in seed production sfter st the most two selfings. Many »lents
of the sesond inbred generstion were low in yield, producing
very fTew seed snd presented problems in thelr utilisetion.
Obviously compared with the psrente they were commercially

valueless, snd no informetion was available ss to whether or



{4},

- pot this vigour which hed been apperently lost wes still
present in the plente, end could be recovered by combinstion
or two or wore inbred limes. Orossing hed been regorted to
between gome inbred lines to ssve them from extinotion,

but no comparisons hed bheen made betwesn these crosses snd the
original paventse. .

It weg on the suggention of the Officer in
‘@%ﬁwg@ of lucerne breeding thet the work undertsken in this
%ﬁ@%ﬁm wog first commenced. The xange of problems set wes ‘
the determinstion of -

{1}. How grest wss this lops of vigonr {messured by yield of
| green meterial) on selfing lucerne plent families for one
and two generations, il.e,, how importent was it in the field
in keeping down yield from stenlis.

{2). %%m%ﬂ@% or not this loss in vigour could be recovered
on subsequent crossing of selfed plunts. Later on the scope
of the thesis was widened %o includs the following relsted
problems .

{1}, & compsrison of the relstive efficiency of the seversl
methods of cromsing lucerne plants.

(2}s A comperison of the seed setting capsbilities of
parent plents smd their @wmgmmy from one and two yesrs
inbreeding.

{3)e An sttempt to find e resson for the spperent self-
sterility of inbred lucerne plsnt femilies.

Since this work wes comnmenced, plsnts have been
‘welected by the Plent Resesrch Buresu, which show little
reduction in vigour when selfed, but es yet little is
mown f to the reason for this oy whether such pleants undey
inbreeding for longer periocds will continue ¢o exhibit such
small loss in vigour, end so bhe velueble for breeding

PUTPOSES .



{5},
ii. A GENERATL OUTLINE OF THE MAIN EXPERIMENTS.

(1). 2 messure of loss in vigour on selfing {See Section 111).
In this experiment en attempt wes mede to compsare
the yields from clones of parent plsnts with clones of plants
{a) representing the first selfed generation snd
{(b) representing the second selfed gensrstion.
Two distincet families were used known as @1/1@ end 99/3,
by the Plant Research Station and representing two types
gelected by this station. Rows of parent plemts, being
cloneg from the original parent of esch type were grown as
controls., Four plsmts from the first selfed generation of
each type wers selected snd propsgated ss clones and grown
in between parent rows. Similarly 4 plents from the second
gelfed generation of each of the selected first selfed
generation plants were propegeated ss clones snd grown between
the parent snd L.1. plant rows. Yield weights of rows over
the gesgon were compered to respective parents, as, say 100
to give some ides a8 {0 the reduction in vigour om self-
pollinating these plents. While eny figures obtained could
not spply directly to all the types of lucerne availsble,
it was hoped to determine the relstive importance of any
reduction in yield.
(2). A messure of the Recovery in Vigour on crossing selfed
plents. (See Sectiom 1V). |
Crosses were meade between representative plants
of the first snd second selfed generations of the two
selections 91/10 snd 99/3. (i.e., first selfed gemeration
91/10 « first selfed generation 99/3, second by second
gelfed generation). It was decided thet the best control
would be the F1 generation from & cross between the two
parent plents, ss thig would possess hybrid vigour, containing
probably the meximum vigour factors of the two parents.
Thus, if the crosses of selfings were as vigorous ss the
parent cross then we could say that the regein in wvigour

wesg complete. Care wes taken to select only representative

plents from each 8enernt;
n



(6),
with no attempt at selection of the best progeny.

This experiment ipclinded plente of the first
ond mgecond inbred generstion #s # bssis of compsrison, snd
elzo ss 8 deliberate check upon the previous experiment,
sbout which there wes gome doubt thst the resulis wouvld be
gutisfsctory.

{3). A Generel Comparison of the yields from parent plants
selfed snd parent plants crossed with other parent plants
{Section 1V.8,)

Material from 8 familiem was svailable,
consisting of geed from thess planis when gelf-pollinated,
and slso when they were crossed with from one to five
other parent plemts. A compsrison of the yields from such
peed demonsirated the effect of self pollinstion in
reducing the yield of the lucerne plant, when compsred with
the desirsble more vigorous plent resulting from cross

polliination.

iii. SOURCE OF MATERIAL:

The originsl meterisl vsed in corossings, and
also later to provide cuttings, csme from the Plent Resgearch
Station, Pelmerston North, o the Officers of which the
writer's therke are due. Though it was not possible to
tremsplent to my own arems, 811 the material necessary for
the first yesr's work on the experiment, permission was
‘readily granted to make use of the plsnis on the Station
ares foyr crossing, smd also for & supply of cuttings. As
8 regult plant feamilies were svailsble containing the
original parent selection, and progeny of the first and
gecond inbred generstionse. Degeuse of this sssistance, it
was possible to complete the experiment in two seansons
ins tead of the four or five sessons that wonld otherwise
heve been necessary, hed the work commenced with
parent materisl slone. It wes also possible to select plants
of different types, with which to work, which would show up

sny results inm the experiment better thap where two similer
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types were used.
Two distinet lines were chosen, one & fairly
erect type, termed 91/10, end the other & flat prostrate
type termed 99/3. Both were promising selections mede by
the Station, being good psrents sud producing good progeny,
yet showing & reduction in vigour on selfing, snd some selfed

plents showing & very marked self steriliiy.
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SECTION 1T

EXPERIMENTS AND OBSERVATIONS ON THE TECHNIQUE OF

LUCKEHNE CROBE ING.

1. "How Pollination is effected.

The structure of the lucerns flower is such
thet the style end stemens are enclused in & tense position
within the keel, end until freed are incepable of funcitioning
normelly, slthough vnder such conditions & few geed may
develop, When this tension ie velessed, the siyle and
gtemene spring forwerd, ceusing the snthers to burst
snd the stigme to strike with some foree sgeingt the
gtendard. This sction sllows the pollen to become availsble
for, snd the stigmse subject to cross~ or melf-pollinstion.
The process is referred to ss™iripping the flower”, end
on its ocourrence, snd method of oceurrence depends the
ultimate production of seed". (J. W, Hodfield; Proc. H.Z.
Gressland Conference 1934),

In the field the honey bee does very 1ittle
tripping (Englebert 1932, Southworth 1928, Hellymonde 1926,
Gray 19285, Hil1l 1924, lovell 1924). In Bew Zeslsnd the
ppecies dolung wmoat %tripping is the bumble bee - Dombus
terreatris, which wafortunately is 10t very common 0B lucerne

plents, exhibiting host preferencve. Tripping is elso affecield

by changes in tempersture, by sgitetion from wind, and
gome seed msy beformed in the ebsence of tripping. (Pipey 3@&%%
Cerlson 1930, Clerke & Pryer 1930, Dwyer 1031, Dwyer & Allmsm
1932, Roberts & Freemen 1908).

The pollen seacs burst the flower is in the
bed stage, end while the ryeproductive orgemg sre gtill within
the keel. No pollinsation ocours (ss s rule), however, se
the stigme is not receptive until ite surface is ruptured.
Thi= scours when it %@ka@% the stendeard (Armetrong & White
1938), gm&m&miﬁﬁﬁwm aimes &t preventing rupture of the
stigmatioc surfece snd getting rid of adhering pollen, wheress

pollinetion aims st the rupturing of the gtigme surface, and
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deposition thereon of pollen from a desired parent.

ii. REABON FOR THE BXPERIMENT.

In smy programme of lucerne improvement crossing
of selected plents is necessarily important. Consequently
the method of orossing uwsed is slso importsnt. Iucerne crossing
ig very slow snd tedious work. Any method shoriening the
time reguired in meking a cross waﬁﬁ@mt gacrificing
efficiency is indeed valusble, 88 the number of crosses
made is ususlly limited by the time sand lsbour sveilsble,.
When crossing inbred plents, e.g., Second inbred generation,
2 high degree of self sterility is present, =md hence the
method of emasceulation is not o importent as when crossing
parent plants, where up to 40 - 50% or more of self
pollinstion may ocour when the flowers sre sritificislly
tripped. But, ss much of the crossing work will be with
parent plents the necessity for an efficient method of
snasculation is sepparent.
There are four methods of emasculstion that
conld be uged. designsted ss follows;
ls The Pin snd Brush Method.
2. Blowing pollen off after using pin.

b, Blowing pollen off after cutting stendard.
4, Washing pollen off after cutting standard.

Methods 1, 2, snd 4, (without stenderd cutting
in 4), have been used oversess, and method 1, was used
extensively during the 1934-5 sesson at Palmerston Nor th.
Method 3, was developed by Mr. R. &, Calde® of the Plsnt
Regearch Buresu. It wes essily the guickest method, but it
wag not known how it compared in efficiency with other
methode. To obiteln this knowledge the following experiment
wog designed -

A, To test the effeclency of each method of
emescunlation as measured by the percentage of emapculated

florets setting pode, and the number of seeds per pod.



a0,
Bs To messure the sffect of the method of

emasculation upon the subsequent pollinetion, messured ag in "A7,

114, DESCRIPTION OF METHODS OF EMABCULATION:

A phort summary of eanch method of emasculetion
follows:

1. The Pin snd Brush Melhod.

In this metkod the flower is tripped by forcing
8 pin horizontally between the spitsndard snd the keel. The
pressure on the kesl sdge ceusss it to open, relessging the
stomens snd style from the keel, the steminsl column resting
sgsingt the pin, preventing the sstigms smd etsmens from
gtriking the stsnderd. The pollen sees are gently brushed
away with 2 fine cemel heir brush, lesving the style by
iteelf. Some pollen gets on the etigme of the flower, some
when the flower tripe {or even when mm%w&@@%@§ and some i
brughed over 1t.

"Ho Maiter how gently the stignme is relesged from the keel,
it is well covered with pollen". (Waldron 1919).
2. Blowing pollen off after using pin.

The flower is tripped ss sbove, but the pollen
is blown sway, uvsunsally by mesns of a glesss tube tepered to s
nozzle, and held in the mouth., Care must be taken that
selive is not blown over the stigms. Some pollen rests on
the gticky stigms surfsce, and is not dislodged by blowing,
although most of the pollem is removed.

d. Blowing pollen off sfier cuitting stendard.

The stendard i wﬁw%fwmmy cut off et such & level
that when the style is relessed from the keel, the stsmens
and the stigma surface sre sbove the remsining part of the
stendard, md consequently the stigma is not ruptured, but cem
be emesculeted snd polliinsted, 7The pollen is then blown off
s in (2). In this method all the florets on 8
receme can be emassculated at once before pollinstion, e.z.,
the standsrd sre sll removed, all the flowers sre tripped {(by
' squeezing the keel between forceps), the pollen blown off,

then all pollinsted. Where the pin is used sg in (1) end {2),
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esch floret must be pollineted before the pin is with-
drewn from the {flower, otherwise the stigms becomes sppresged
ageinet the stenderd snd lg exceedingly difficult to
pollinate.

It is becsuse of this sdventege in method- (3)
thet it takes less time. |

4, Waghing pollen off sfter cutting stenderd.

The standard is cut away ss in (3), vut a fine
jet of water is used %o wegh sway the pollen after the {lowers
are tripped. Yeshing the pollen swey without ocuttiyg swaey
the steandard has been used oversess, but owing to the extreme
difficulty in subsequent pollination, Mr, Calder’s method of
entting ewsy the stenderd wes incorporsted here. The surplus
water may be removed with blotting paper, or the flower hesd
ghaken, snd left to dyy for s few hours before pollinetion.

The letter course was tsken in this expeviment.

The method of pollinstion wes the ssme in each
cese. A strip of thin csrdboasrd sbout 3/8" wide was folded
along its exis. Portion was cut sway se in diegram to make

8 point on the line of fold

{&)

The csrdbosrd was then roughened along the inner
side et 'a'. Pollen wes collected on this point by so
tripping the flowers that the steminal tube wes ejected sgeinsi
it. Thieg pollen was tronsferred to the stigme end rubbed in
with sufficient forece to rupture the surfsce of the stigms snd
ecouse it to be receptive.

| Instruments are dipped into alecohol to kill
adhering pollen before beginning 8 different oross, and
aleohol is rubbed over the hsnde to kill pollen there.
iv. SOURCE OF MATERIAL,

The whole of this work waes csrried out in spsre
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time on plsnts of the Plent Reseswrch Etetion, Palmerston
North during 1936. The two plant femilies 91/10 and 99/3
were chosen for the experiment, being good sedd producers, snd
besring fiowers which were esasy to m%%iy@&w%@w Selfings
and crosses were msde on perent materisl, but the results
ghould be sppliceble {nllowing for self-sterility) to
inbred plsnts.

ve A COMPARIGON OF THE EFFICIENCY OF SEVERAL METHODS OF

EMASCULATION OF LUCHRUE FLOWERS.

&, The Method of the g%@%mi%@ﬁ%;

Parent plant ﬁ&/&% was used here. Hacemes were
selected in 4 groups, 80 88 to g&v@ et lesst 100 florets in
8 group. On the 6th snd 7th of Februsry 1936, the florets
were emaseulsted, esch group being emssculsited by one of the
4 methods described., The flower hesds were covered with
parchment paper packets, sund the flowers left uvntil such time
ps it wss possible to count the seeds Fformed. The paper bess
were removed as soon ss s8ll the florets hed set or dropped
off,
B. The Resulte of the EZxperiment.
TABIE II A m@mp%m&ﬁ@m of the Methods of emssculation showing
the percentsge of florets seltting pods, aversge seeds per pod

and seeds per 100 florets.

KHethod of Flte. Pods DPods Hoe Seeds Seeds per

Emese: Fmesc. Set 100 fits seeds. per pod. 100 fits.
emESC ., emage.,
1.Pin & Brush 111 473 3% .0 &89 .17 BU.2
2.8low after pin 111 50 45,05 95 1.9 85.6
F.Blow & ocut 112 16 14,3 RE led 19.6
4.00t & Wash, 1d1 11 Bed 21 1.8 16.0

(¢, DISCUSSION O¥ RESULTS.

{e) A Comparison of Methods (1) snd {2).
Here we have pods set per 100 florets emsgculsted - 37,0 in
method (1), end 45.0 in methodse (2), a result generally
gpesking favouring method (1), but not sufficient to be
significant, In seeds per pod formed, 2,17 im {1} and 1.9

in {2}, the results sgein sre not significantly different,



- {13,

Comparing seeds pey 100 flte., emssouleted, we find that there is

1o significent difference between the two methods. Ag the

only difference in treatment is in the menner of

depoliinaetion, brugshimg the pollen swey as compered to blowing

it sway, 1% lg evident thet nelther of these two methods hes

auy adventege over the other, Aotuelly both nethode effsct

very poor removel of pollen, &s the results in Teble II, show

seed seiting very ueerly thet obtalined by ertificielly tripping

the flowers to obtain self-pollinstion (of. Hsdfield & Celder 1986).
(b}, A comperison of methods {(2) end (3).

Hethod {3} gives » significently lower number of seeds per 100

florets emssculeted - 14.3 to 45,05, seeds per pod - 1.4 to

1.9, mmd seeds per 100 florets - 19.6 to B85.6 - then method (2).

These two methods differ only In the removal of the stepnderd

in {»). Consegquently, i1t is ressgonsble to suppose that thig

inoresse in efficiency of method (3) over method (8) im due fo

the removel of the standerd, The reagon for thig is appsrent

from a study of the work of Armstrong snd White in Csnade (1938).

beoording to them, the pollen grains cswmot germinste, snd

pengtrate the stigms, unlese the stigms cells have been

roptured. Thise ym@%mw@ bresks the tough surfeace, which

ollen tubes csnnot penetrste, snd also the ruptured cellsg provide

'

8 guiteble medivm for pollen tube growth. It might be suggested
thet thig is sn edeption {6 segure crozg pollinstion, self polien

bein

]

» uneble fo germinaote before the flowey is iripped, slthough
pregent on the stigms. I1f ocutside pollen is svaileble on the
atligme when ftripeing ocounrs, previouns work would indicste thet the
outside pollen would compete with home pollen spnd effect the
me Jority of fertilisstions.

Removing the stenderd in methrod {3}, prevents the
netursl ropluring of the stigme cells, which usually occcurs
»hen the stigme strikes ths firm surfsce of the stendard,

Conmequently, many stigmss fall to be ruptured st w»ll end sllow

no fertilisstion, while others sre only slightly ruptured

sllowing s swmall number of pollen graing to germinste with poor
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fertilisstion reflected in the redused pumber of sesds per
pod when compared with method (2},

1% might be suggested that brueking the pollen
off after removing the stenderd would be less efficient %@mm
Plowing it off, becaunse the mechanipal f@%@ﬁ%mm of the brush
onn the stlgma surfrce would csuge 8 considersble rupturing of
the surfsce cells, sesisting fertilisstion. Thus if the
brush is used no adventage isg geinsd by removing the standard
except the shortening of the time required to oross & racems of
{lowers.

{c) Hethod [(4) was metuslly no better then methed (3)
although lower in the number of pods setting, it meve s highey
velue for the number of geeds per pod, with no significsnt
difference in the number of seeds per 100 florets emssoulsted.
Generally spesking the meithod is slow snd tedious snd mekes
subseguent pollinstion diffiecult %m& pneertein. A Jet of
water will no doubt vemove most of the pollen grsine on the
Btigme snd the remsinder mey be drowned, or burst by the
intske of sn excess of water. 1t camnot be sdvocsted ss @
ungeful method for field work.,

D. CONCILUSIONS FROK THE BXPFRIMENT.

Hethod (3) is more efficient then methodse (1)
end (2) ss & method of emmsculstion. It is es efficient as
method {4) and possesses meny sdventeges over (4) in emse
of working, time itsken, snd ss will be seen later, dves not
gffect pollination 80 much 8s method (4), Consequently method
{3) - blowing the pollen off sfter cutting swsy the stenderd -
san be recommended in field work., As fer sz the writer knows,
this method hes not been nsed oversess, bul origineted st the

Plemt Research Station at Pelmeyston Hoxth.
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vi. THE EFFECT OF THE MBETHOD OF BMASCULATION UPON SUBSELURNT
POLLINAT ION,

A+ The Purpose of the Experiment.

Observetions and theorstiesl considerations
tended to suggesnt that the method uvused to emsseulste lucerne
florets might affect the pollinsticn snd fertilisstion of
snoh florets. Conseguently, it was no use conducting en
experiment to decide which method of smesgculation wss the most
efficient, unless 8 corrvesponding experiment wsg conducted
comparing the effect of the verious methodg of emescvletion
used upon the sudbsequent pollinstion end fertilisstion of the
flower, ug the aim in emssculsting flowers is ﬁw/%gﬁwﬁ the
flower that one hes control over the pollination occurring.

Be The Method of the Experiment.

Another plent from the clone 91/10 wes used ss
the female parent in this experiment, snd s plent of 99/3/P,
was used ss the ﬁmm&~@mwwmﬁ% On 12, 2.36, florets were
gelscted in 4 groups, ag in the previous experiment to pive at
lesat 100 florets per group, end emssculsted by the four
methods used. Pollinastion wes cerried out sccording to the
requirements of esch method of emssculetion, for instence, with
methods (1) smd {2) emch floret wes pollinated as emssculated,
and them pollinsted, while in method (4), the florets were
emagounlated and then left for 1% - 2 bhrs. before pollination.
C. The Hesulte of the Experiment.

These can be gpummarised in the following tables,
TABLE IIX: A Comparison of the effeots of the methods of
- emagenlation upon subsequent pollinstion, s messured by

percentsge of pods set, seeds per pod snd seeds per 100 florets.

Pods pex Seeds deeds
Method of Floretse Pods, 100 fltes. Ho.Sseds.per pod.pey
Emaso: Pollinated., Set. pol: 100f1te
Polltd:
1.Pin & Brush 109 96 88.1 634 6.6 5B81l.6
2.Pin & Blowg: 114 103 90,85 728 7.07 688.6
B.0uttg & Blowg 120 81 675 430 5.06 341.6

4.0uttg & Weshg 108 42 88,9 187 di74 145.4
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IABLE IV, The theoreticsl nett setiing due to cross

poliination with esch methed.

Per.Cent pods setig. » due to Seeds per 100 &%
Hethod of When  Pmege. & crossing flis. dne

Emesgeulst ion. Fmesc. pollinested. (A,Q,X,oo) Imegc.Emesc.&  to
a T

only only pollinstedoros

;@EB {%‘3 o :
lePin & Brush &% 88.1 58,0  8BO.2  5BBl.6 86.2
£2.Pin & Blowg: 45 90,38 50,8 BB.6 688.6 86.6
B.0utteg:& Blowg: 14,3 6.5 78.8 18.6 341.6 94 .8
4.,0uttg:& Washg: B.4 389 78.4 16,0 145.4 89.0

While the sbove table cemot be considered scourste
because actuslly when "outside™ pollen hes to compete with
"home" pollen the latter is less successful then when alone,
end under conditions of competition would hence effect a less
number of fertilisstions. Yet it is uvseful iun giving sn
indicstion of the gemersl effect thet we can expect.

De Discussion on Results.

(), & Comparison of Methods (1) emd (2).

An spslysis of the two preceeding tsbles shows
that both $these metrods allow round 90% of totel p@i&im%%i@m@@
sbout ¥ seeds pey pod, sand round sbout 600 seeds per 100
filovets emssculated, 86% of which could be sscribed es due to
eross pollinstion. Neither method hes sny siventage over
the other. Armastrong & White (1935) sugzest "that the
naturel means of scerificstion of the stigme 18 more effective
than the srtificisl methods, probably becsuse the conteot of
the stepnderd snd the stigms meinteineg s moisture condition
which provides & better medivm for pollen germinstion”.

It i8 indeed likely, that the hizgh number of pollinstions,
geeds per pod and seed per 100 florets with these methods is
in great messure due to these feots.

{b}. Wethod (3) does not give such & high per-
centeage of pods setting seed ss methode (1) snd (2) nor so
high seeds per pod, or seedsg per 100 florets emmscunlsted and
pollinsated. The percentages however, sre gtill ressonsbly

high and the percentage that can be asseribed to cross~
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f%(ﬁﬁ i higher then in sny other method. The lower number
of seeds obtsined by this method may be dus to elther &
poor rapture of the stigma surface then where the natursl
mesng are employed, or %o the lack of proper moisture
gconditions for g@&miﬁ@%ﬁﬁﬁ when the standsrd ig removed, and
the stigms sunrface left exposed to the stmospheres. Furlther
experimentetion will prove which fsctor lg primsrily
regponsible, snd whether or not grester casre in pollinstion
to ensure rupiture of the ptigms surface, will vresult in
as good fertilisstion ewm in methods (1) end {2).

{a). Method {4) gives low results in percentage
of fiorets setiing pods (39%) seeds per pod (3.74) end seeds
per 100 florets emesculeted snd pollinsted (145.4). The
percentage of seed set due to crossing is sbout 89%, which
is 8lightly better then methods (1) sud (2), but sotuslly
below that obisined when method (3) is used. The poor
saed getting by the use of this wethod may have been due to
a gombinstion of three {sotors -

{1)e "The stigme may have been 5%ill demp when
poellinsted, resulting in the buvatiang of mmny p@&&%@ grains
“due to excessive inteke of water.

{2}, The water msy have dsmeged the stigme surfsce
making 1t uvnreceptive.

{3}, The gtigme cells wey not have been
gsufficiently ruptured during pollinstion.

Comparing this method with method (3) it seenms
likely that it is the excess watey smd probeble demsge to
gtigma thaet are the main ressons for low fertiliiy.
Armstrong & White say thet lucerne pollen will not
germinste where Kﬁ@ﬁ‘%%@ﬁ%%%iww is reached In the atmosphere,
but germinste freely wheve saturation is 90%. Method (4)
besides teking longer time, has @& rether adverse effect upon
pollination end fertilisetion, =rd conseguently csaunot be
recommended for general Tield work., I4 is indeed donbiful
if onder New Zeeland conditions it hes seny plece at ell in

lucerne orossing work,



If some method of depollination of lucerne
flowersg is necessery before crogs-pollination, snd
Mesgrs. Hedfield snd Celder {1936) heve demonstrated this
neceselity, then it is indeed likely that method (3) will
prove most suecessful. In the first vplsce this method is
eapily the gquickest, pives a greater degree of emsgoulation,
and the highest percentage of seeds due to crossing. It
algo gives quite = felr retuyn of sesd per 100 f&mw%ﬁm erosged,
Where the meximum number of seeds is en 8im in crossing,
methods {1) snd (2) hsve sn adventsge over method (3), if
no sllowsnce is made for the extrs time taken in these two
methods. Also we kmow thet 86% of the seed is due to
crosging. Taking the relstive times to cross by method (3)
compared to methods (1) snd {8), &8 2 : 3, which is ebout the
ratio in prsctice and #llowing for the difference in
efficiency, 2ll the methods take as long to produce 500 seeds.
Ag we know there is lesgs sdmixture of gseed from self-pollination
where method (3} is used, this method cen be atrongly
advocated under New Zealsnd copditions. It hes been tried
put at Palmeraton North during 1935-6, but owing to the
very poor seeding senson, snd the fact thet the crossing
this yeer wes between plants of the second inbred generation,
70 compérisons could be drswn with methrod (1), which was

used during 1934-5.
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4 MEASURE OF 1088 OF VIGOUR ON
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SELFIRG

LUCERNE PLANTS

FPOR TRO GEH

’ig»“ﬁ ?)‘ ﬁ:@?ﬁ% “

1. The Purpose of the Txperiment.

Self fertilisation of lucerne plesnts resulis

in progeny which exhibit vreduced vegetative sctivity, vwhen

comparad with the perent plemt. (Hnodfleld & Csldey 1936 end

others).
investigated overseas,

from very

The extent of this reduction in vigour hsd been

but information supgested reductions

little to 40 - 50% in one generamtion of selfing.

The following experiment wes designed to gein information

&8 to the relstive importence of this loss in vigour when

ipbreeding.

Due to the veristion thet existes in luvcerne

types and their offepring, any figures produced could not be

statisticelly sppliiceble to 81l inbreeding with lucerne, but

wonuld heve 8 genernl applicebtion of the extent of the loss

in vigour one nmight ewxpect.

Ag mome doubt wes Telt s to

the chence of getting good results from this experiment, the

experiment on “Regeln in Vigour on Crossing”, was designed %o

inceinde mateyrinl whi

epked in this experiment.

ii. The Haterisl of the Experiment.

originelly from the Plent Hesesrch HStation,
The following is & list of plsonts tsken over from this

during August 19584.

The

These comprise

generation plants of the following 5

53/18, 91/10,
716, I

BHOWING

99/3,

111/21.

DIAGRAY OB PLAagy

ah of 1teeld would snswer the

Porents snd 1st.

questions

work was oarrled out opn meteriel which csme

Peaimayston NHorth.

Stetion
iubred

fomilies - 39/9,

IVED 1H OR

DER OF PLARTING

39/9/22

z8/9/21

z9/9/19
39/9/18
39/9/17
39/9/16
39/9/15

39/9/2%
91/10/»
91/10/2
91/10/®
91/10/p
g1/10/?
91/10/1

53/18/2
53/18/1
99/3/1%
99/3/16
99/3/15
99/3/14

99/3/13

55/18/6
53/18/7
53/18/8

53/18/9

111/21/20
111/21/18
111/81/17
111/21/16
111/21/15
111/21/13

111/21/182

111/21/21

111/21/z22



39/9/13
zofe/ie
39/9/10

39/9/4
s9/9/%
r39f9/1
wzafe/r
39fo/? -

91/10/2
91/10/3
51/10/4
91/10/5
91/10/8
g1/10/9

91/10/11

g1/10/12

91/10/15

¢1/10/186
91/10/17
1/10/18

91/10/19

99/3/11
99/3/9
99/3/8
99/a/7-
99/5/6
99/3/4
99/3/3

oa/ale

a9/a/p
91/10/22

91/10/21

53/18/10
s53/18/11
53/18/12
58/18/1%

53/18/19
53/18/20
111/21/®
111/21/®

111/21/11
111/21/10
111/81/9
111/81/8
111/21/7
111/21/8
&ﬁ&f&&fﬁ
111/21/:
aiifmmj@
111/21/1
111/21/®
111/21/%
111/21/P

% P mesns parent plant,

39/9.

t gimilexly 1, 2, 3 eta.,

Auguat 19

ot molld in

families were plunted alongside the

pre the

BeZa, 39/90/P & parent plemt in femily

L.1 plents of the femily.

The sbove pleuts were plemted on the

4, ampaced 276V aper

During November, plants of the

Weather Tine, dry.

good condition.

So0il Molst onderneath,

each way.

Hoother v

Lal snd perent plsnte.

28nd ., of

ather wet,

following L.2

surface dry.
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Figure 1. Diesgram of 1.2 plsnt femilies received during

ber 1934 in oxder of plauting.

111/21/8 nere refers to

the L.l family
50
111/21/8, %%Q\@@ﬁg the other famili

&

The aumbers 1-4 in circles srenlants

ﬁﬁ@ for outtl
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The plents received, did not include

a1l plente

necsgeery for the first yeesrs work, but uose was msde of plents

growing on the

outtings necosssry.

sxperiment to the two plsnt femilies 91/10 and 99/8.

FL.H, Btation srea to cooplete the peries for

It wos firally decided to restrict the

two families were chosen the following plants on which to work

g1/i0/e
“o1/10/7

Parente

ist. inbred gensrstion.
91/10/8
91/10/10

91/10/20

g9 /3/10
99/8/12
99/38/18

From these

91/10/7 (1)-(4)
g1/10/8 {(1)-(4}
91/10/10{1)={4)
91/10/20{1)-(4)

99/8/8 (1)-{4)
99/3/10(1)={4)
%9fﬁf&ﬁ%&3wé&§
99/3/15(1)-(4)

Znd. inbred generstion

(1)-{4) refers to plants in the previous figures. 211 the

inbred nlsnis were chomen ss representatives of their generstion.

iii. The Method of the Experiment.

Cuttings were taken from esch of the plents

sbove (P, R, Stetion meterisl hes to be utilised for seversl
lote)s It wes hoped by proper interspacing of the plants
from these cuttings to be eble %o compsre yields from rows of
each. The cuttings were planted on August 14%h., to 20th.,
1935, in boxes of sendy soll innoculsted with nodule
becteria, snd plsced in the green houge et Messey Agricultursl
College. The size of the boxes was 21" x 14%" snd 6" deep,
end cutiinges were planted in esch box.

The

totel plantings were ss follows:w

How Hoe
Plented, Beod,

Gensrae
tion

Plant ﬁww@w&,ﬁaw Ho. Plent
Title tion  Plepted.legd.Title

91/10/P
91/10/7
91/10/8

99/38/P Po 96 40

g

» ’ 1}3& ﬁ ‘“*gé(:}

T.1 48 20 o9/3/8 T.1 48 20

o

T.1 48 20 99/3/10 L.1i 48 20
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Plant Geners Wo, Ho. - Plant yeners No, No.

Title tion PlantedRegquired.litle tion plentedieqgrd:
91/10/10 Tel 48 20 99/3/12 L.l 48 20
91/10/20 L.l 44 20 99/3/16 L.l 48 20
91/10/7 (1) I.2 28 10 99/3/8 (1)I.2 28 10
n (2} L.2 28 10 " {g)lL.2 28 10
v (3} L.2 28 10 " (2)L.2 28 10
" {(4) 1.2 | 28 10 i (4)L.2 28 10
91/10#8 (1) T.2 28 10 99/3/10(1)L.2 28 10
" {2) T.2 28 10 i (2)L.2 28 10
” (3) T.2 28 10 " (3)L.2 28 10
N (4) L.2 28 10 " (4}L.2 28 10
91/10/10(1) L.2 30 10 99/3/12(1)L.2 £8 10
" (2) L.2 30 10 " (2)L.2 28 10
" (8) L.2 30 10 " {(3)L.2 28 10
" (4) L.2 30 10 " (4)L.2 28 10
91/10/20{1) L.z 30 10 99/5/16(1)L.2 28 10
" (2) IL.2 30 10 " (2)L.2 28 10
" (B) L.z 30 10 " (3)L.e 28 10
" (4) L.2 30 10 . (4)L.2 28 10

FPrevious experience at the P, H. Station
(unpublished) indicmted that rether more thsm 50% of the
cuttings grew. So far ag the psrent plants were concerned,
slightly more then 50% grew, but with the inbred progeny the
results were very variasble.

Byery posslble care was teken to select cuttings
which were similsr, snd slso representative of the plents and
generation concerned, and which also compered in stsge of
development with plants of different generations. It wes
imposeible however, to select perfectly even lines, firstly,
because the plents from which the cuttings were teken were of

different sges, =nd secondly, becsuse some of the 2nd. inbred

generation (L.2) plam%w? 5t growing sufficiently vigorously when
cuttings were taken, limiting the choice of cuttings.

Mortelity smong cuttings wae so high in someé csases



that the originel design of the experiment had to be
modified in seversl weays.
This mortelity mey be due to -
{1). the meason of the year nt which cuittinge were taken.
{2). the selfed plents lecked the vigour to estadblish well
from cuttings.
{3). other sccidentsl cmumes not known, sveh ss wrong soil,
wrong water content of soil, too much or too little heast in
greenhouss elo., If the experiment ig repeated it is
considersd sdvissble to pleant cuttings in the Auntumn, rather
then easrly spring, allowing onttings hetter chanoces of
esteblishment, snd slso gilving one the opportunity to replsce
dying plsnte befors the spring. Also, too, 8 grester number
of L.1 snd L.2 planits conld -be plented.

Sufficient plents were obtsined however, to allow
gn experiment to be conducted., These plants were plented on
November 20%th 1935 ma follows -

FIG, 3. Showing ovder of plenting of Cuttings.

Control ;ontrol
99/3/10 (1) I.2 9943/15 (1)
99 /3/10 09/3/15
99/3/10 (8) & (3) 99/3/15 (2)
99/3/® ve/s/P
99/3/10 (4) 99/8/1s (3)
99/38/8 (1) 99/3/158 (4)
g9/3/8 99/8/12 (1)
g99/5/8 $2) 99/3/18
99/3/p ve/afie (2)
g99/3/8 (3) 99/3/p
@Qf@i@' {4) 99/3/12 (3}
91/10¢8 (2) 99/8/1g
o1/10/8 9g/5/12 (4)
91/10/8 (38) g1/10/%®
91/10/8 91/10/10 (1)
91/10/8 (4) 91/10/10 (2)
91/10/7 91/10/P

a1 /a0y a1/10/10 (2)
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g1/10/> 91/10/10
91/10/7 g1/10/10 (4)

Control Control

There were 10 plants in. eech row, 21" sapart.

Rowa were 2'6" apart snd bloeks 3ft. spart. The "eontyol”
row was reslly an outside vrow, not being wuwsed for compsrison.

301l was moipt snd ssteblishment good.

& preliminery trimming was glven to the plantis
about one month after plenting. The stand wes cut end welghed
in rows on Februsry 10%h., 1936, Mayeh BBth, 1936, end

June 4th, 19386, three cuts in ell.

iv. The Regults of the Experiment.
The weights of the rows from the three cuts
are recorded in the following table under the column hesdinge,
1, £, =nd 3. The weight for the season is totalled =nd
compared for convenience with the sversge of the two parent
rowg on either side 0f the row concerned sg the bhege of 100.
Althovgh this bese is condemned by some atetistivisms; it hes
the adventage of practicel convenience., Here too,
differences nre expected to be large, snd couwssguently the
refinement of technigue ig not 80 imvortont se where suell
differences are to be observed. The figures in
parenthesnis sre the sversge of the parent row, sbout wrich

they occur, snd the next parent row below,
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TABLE V: L0288 OF VIGOUR ON SEIFING
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Summary of Teble 1.

Parent e 3 TeBoe

kversge hRE
Stondard devistion w 3Ea 18.1
Steanderd error - 185 el

Hesults become 100 2.5 4 12,8 66,0 3.7

Ve Discussion on Hesulis.
| The wé@mi%@ obteined in this ecxperiment

sre not sltogether what one would desire. It wos expected

and other experiments confirm the expesctetion, thet there wounld

be & drop in yield from parent to 1st., selfed generetion,

end & forther though smeller drop from lst., 1o Bnd.,

gselfed generstion. Resulte were however, very verisble

particularly in the L.l series, #s the stsnderd error shows.

This can be mainly stiributed to -

{1). The impossibility of sccurstely duplicating the

yielding cspacity of = plant by the use of clones,
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SYCTIOR 1V,
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DN CROSSING IHBRED PLANTS

i. The Purpose of the

vite in @ loss in vigour {es
messured by & reduction in yield), it becomes imperstive to kuow
whether or not this vigour cen be recovered on crogsing these
inbred plente. If the vigonr is not recovered, tren it is
exceedingly diffiocult to meke uee of the more uniform plente

resulting from inbreeding. If however, vigour cen be shown o

be recovered on subseguent crossing of inbred plants, then we

¥
csn copcentrete on producing uniform types of lucerne by
inbreeding, neglecting to some extent, the reduvcetion in vigour

oocessioned by sveh methode, knowing thet s later crossing of

St

inbred lines will result in & recombinstion of vigour fectors
to give plents & vigorocus as, or more vigorous tren the pavents.

This experiment wes designed to messure the yields of green
metter from rows of ¢ perent cress snd rows of crosses belween
the 1gt., inbred genseretion of esch perent, #nd rows of

crogses between the Ind., inbred pgeneration of ewsch perent.

The =im was to decide sther or not tre vigour logt on selfing
was recgvered on crossing. Ingluded in the @*@@?ﬁh@m% were rows
of lst., 8nd Zud., Inbred generations to set ss & check on the
previous experiment.

ii. The MHaterisl for the Experimeni.

The seme originel plents were received in this
exper iment as in tle previous experiment. For the origipel
plentings see Fige. 1 oud 2.

The two femilies 91/10 and 99/3, were sgain chosen
for this experiment, the following plsnts being chosen on which

Yo work,

Parents “g91/10/p 99/3/ P

ist. imbred generstion 91/10/7 99/3/12
91/10/8 99/3/8
91/10/10 99/3/10
91/10/80 99/3/15
2nd. inbred genersiion 91/10/7 (L)-(4)  99/3/12 {1)-(4)
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91/10/8 (11-14) 99/3/8 (1)-(4)
91/10/10 (1i={4) 99/3/10(1)-{4)
91/10/20 (1114} 99/3/16(1)-{4)
See Fig. 2 - for explenation of number (1)-14),
Ag 811 these plents were not svailsble
own eres, w@@@uw & had to be taken to materisl of the P. K.
Stetion, which wes kindly made sveilsble.
Um Jenuery 4th, 1935, the following crosas wes
mede - 91/10/Parent ® 1 99/3/Psrent &
On Januesry Bth
99/3/p ¥ w91 fiu/e &
99/3/10 ¢ oo91/10/10¢€
99/3/12% i 91/10/% &
99 /5/16 % L 91/10/20d

80 /8/8 ¢ X 91/10/8 & 1.1 cross.

P

el arosB.

P

T.1 oroas.

celd OTOBR.

On Jepusry Yth, 1935, repested the L.1 crosses -
{reciprocels)

On Jenuary 91th 1935, mede the following crosses
%@t§§%ﬁ plente of the Ind., inbred generstion (1.2) 7
99/3/10 (1) X 91/10/10 (1) %@fﬁjgé (1) ¥ 91/10f7 (1)
g99/3/10 (2)

e
€
bt
e,
Lyl

’%‘%
%&é
sl

9g9/af1e 1£Y X 91/10/7 (2
99/3/10 (3) X 91/10/10 (3) go/sf1e (8) X 91/10/% (3
99/3/10 (4) X $1/10/10 (4) 99 /af1g (4) X 91/10/v (4)

On Jenuery 10th 1935, thes following L.2 crosses

were maie,

99/8/15 {1) X 91/10/%0 91/10/8 (1)

gu;%,

99/3/8 |
99/3/156 (8} X 91/10/z0 91/10/8 (287 X 99/5/8 (
99/2/16 (8) X e1/10/20 g1/10/8 {8) X 99/3/8 (!
99/3/16 {4) X 91/10/20 91/10/8 (41 % w9/3/8 (4)

et

&
e

-,

The reciprooels of the crosses were made in esch
cegse, snd the resultent seed - from oross snd reciprocsl - mized.
In 811 the crosseg the pin snd brush method (See experiments on
technique of crossing), the other method of cutting the stsndard

not being developed st this time.
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1ii. The Method of the Experiment.
The inbred plent 91/10/8 hes proved to be »
very poor parent, snd in this experiment hsd to be left out owing
to the very few seed produced by the cross, In which it occourred.

Seed was planted on July 6th., snd 7th., se follows:-

TABLE VI Showing plenting of Lucerne seed.
Plsnt Degoription. No., HNo., Plasnt Description Ho. Mo,
pown. Heod. gown Heod,

99/3/P x 91/10/P P.x 101 80 99/3/12 x 91/10/7(1) 24 10

99/3/10 % 91/10/10 160 40 " (2)x "o {2) 85 10
{?MB. fﬁf)

99 /3/12 x 91/10/7 78 40 " {3)x " {3) 33 10
(L.l %)

99/3/15 x ?1/1ﬁ/§w 49 40 " {4)x " {4) 85 10
X%&‘:{ :ﬁg

99/3/10 x 91/10/20 12 10 99/3/16 x 91/10/20(1) 12 10
{1) {1) {L.2 x)

" x " 12 10 "g) x " (2) 13 10
{2) {2} (L.2 %)
" x " 20 10 "3 x " {3) 18 10

{@} fﬁ) {L.2 I’K}

Begides the sbove crosses the following seed from selfing wes

BLAD BOWH.

2lept Desoriotion Ho. BOwWn.
91/10 Tel 45
99/3 = 1.1 48
99/3/12 L.2 46
99/3/8  L.2 55
99/3/12 1.2 84
91/10/7 1.2 55
§1/10/20 L.2 55

Germination was good from seed which resulted from
crosses, but not good for seeds from inbreeding. The seedlings
were grown in the green-house, snd then hardened off outside
before plenting on November 19th. 1935, To mske the fullest
use of the meterisl thet grew, the plsnts were srranged in the

following order of planting:
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FPIG 4, Showing the srvmmgement of plsnts to sllow s messure
of regein in vigour on crossing.

10 plants per row.

42 91/10/2 x 99/3/» P. X
4 91/10/10  self L.8
40 91/10/10 = 99/3/10 P ¢
39 91/10 self Lol
38 91/10/10 x 99/3/10 (1) L.& X
a7 91/10/10 gelf Le2
36  91/10/P x 99/3/F P. X
36 . 91/10/10 self Lo2
34 91/10/10 x  99/3/10 {2) 1.2 X
33 91/10 gelf Tel
32 91/10/10 x  99/3/10 L.l X
31 91/10/10 gseif L.8
30 91/10/P x 99/3/p P. X
29 99/3/12 pelf Le2
28 g1/10/7 x 9%/3/18 (1) .2 X
29 91/10/7 self Te2
26 91/10/7 = 99/3/12 L.l X
25 99/3/12 gelf L.8
24 91/10/7 = 99/3/18 (2) L.2 X
23 g1f10/7 x 99/3/12 L.l X
22 91/10/7 sel1f T8
21 91/10/P =x 99/3/P P. X
£0 91/10/7 self L.2
19 g1/10/7 x 99/3/12 (3) Le8 X
18 91/10/7 =x <gelf L2
1% 91/10/7 = 99/3/12 L.1 X
16 91f10/% gelf Lo
15 91/10/7 x 99/3/12 (4) 1.8 X
14 91/10/7 = 99/3/12 L.l X
13 99/3/12 gelf Le2
12 91/10/p = 99/3/P P, X
11 91/10/20 self T.8
10 91/10/20 x 99/3/15 (1) 1.8 X
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9 91/10/20 x 99/5/15 . Ll X
8 91/10/20 = 99/3/18 (2) L.2 X
7 91/10/80  seif L.2

6 91/10/7 =x 99/s/P Pe X
5 91/10/20 x 99/3/15 (3) CT.E X
4 91/10/20 self . LeB
3 91/10/20 x 99/3/15 L.l X
2 91/10/20 self L.8

1

91/10/% =% 99/3/P P. X

P, X signifies the coross between the two parents, L.l X
the cross between plsnis of the 1st., inbred generstion,
spd L.2 X, the orosg between plamts of the End., inbred
poeneration.
A preliminery cutting wes given 1o the plants
sbout & weeks af ter plesnting to reduce 81l plents to the ssme
level. Weighed cute were taken from the areas on Februsry

10th., 1936, Merch B5th., 1986, end June 4th.,, 1936.

iv. The Results of the Experiment.

iy

he row weighte from these three cuts sre
given in the following teble, under 1, 2, snd 3, snd the
sesgon totsl in the next volumn. The sesson total for
each row ig then compsred to the parent totsl, using the
sversge of the two psrents on elither side of the row ss the
bage of 100,
The figures in parenthesis refer to the sversage

between the parent row concerned end the psrent row next below,
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TABLE ViI: Regain in Vigour on Croseing

” i tm: \/‘3
B w

No. Cross. 1 {ibs) 2 (1bs) % (1be) Totel 100

z v ~ 12,8 :
1 X 1.4 5.2 4.8 1l1.4 100
12 5.9 BB 8.4  65.6

I.l X 2.2 Bod Bo5  14.1  110.2

2o
et
E4

S

L.2 1.8 5.0 3.2 10,0  78.1

1.2 X 8.3 - 640 5.3  13.6 106.3
(12.6) -

P X 2.0 6.2 6.1  14.3 100

1.2 1.8 4.7 2.9 9.4  74.9

L.2 X 2.2 640 5.5  13.7  108.7

W el e

L.l X 2.3 6.1 4.9 13.3  105.5
b R L. X 2.1 661 5.5 13.7  108.7
1 L.2 .5 £.6 1.8 4.9 38.9
B P X 18 4.7 5.0 giijga 100
1B L. 1.3 3.9 2.6 7.8  68.4
14 Ll X 2.8 6.2 5.6  14.1 128.7
15 Lex 23 BT 5.1 14.1  123.7
16 1.2 .9 2.2 1.5 4,6  40.3
Car Tl X 1.7 6.1 5.9  13.7° 120.1
18 L 1 Bed B0 M5 ¢ 658
19 1.2 X 1.8 5.5 5.5  12.8 112.3

20 1.2 .6 1.9 1.1 3.6 3l.6
, ; \ {12.5}
21 S o e Tl 5,0 5.7 11.9 100
28 T.2 W85 8.4 2 O B 4.3 34,4
i X EREE I W S Y4 W X 9. A

4 ERN VP2 &£ ded IR T% S 4.8 0.2 o BleB

83 o DA

25 - L8 1 BaY 2.5 .6.3 - 50.8
26 L.1X 1.8 B4 5.6  12.5 100
g7 L.2 1.0 1.4 - 2,0 4.4  35.1
28 T8 X 2.4 B4 0 449 12,7 - 101.6
29 : TeE . 240 44l o Be& 9.3 7B.0

o ; (14.4)

t80 - PX Y 1.9 5.2 6¢1 13,8 100
31 L.2 1.0 2.7 2.8 6.0  41.7
32 T X 0 B B BT Y 6460 L1446 5101.4

CRFT LI N B0 T 458 Y EGR  i8L B 68.1
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PXa:
Hoo Uross 1 {1bs) 2 {1bs) 3 {(1bg) Yotel 100
34 L.2 X 2.8 5o 4.8 12.7 BH.2
35 L8 1.8 3.5 2.6 7.9  54.9
36 P X 2.6 6oB 6.3 15.4 100
3y Le2 1.8 .9 2.7 8.4 52,7
38 L.2 X 2.1 5.8 8.1 12.5 93.3
%9 Lol 2.2 5.5 4.2 11,9 88.8
40 Lol X 1o 4,6 4.8 10.8 80.6
%3, &aﬁ }«wﬁ ﬁwl gﬁa@ %b’@? é%**?m@
42 P X 1.5 4.4 5.5 11.4 100
STUMMARY
P X L.l L.1 X  L.2 Lo2 X
Aversge 100 78 .4 108 .5 54,1 102.7
Stendard 14 .56 16.6 16.0 18,0
deviastion
Btondnpd 10,8 B8 & 54 4.4
Error
: 54,1 % 108,97 &
Resulis 100 T8.4 £ 103 102.3 £5.9 4,0 4.4
boepone

v. THe Discussion on Results.

The repulies of the crosmes sre significently
different from the selfings, snd show a8 complete recewery in
%i@%mw when mmm@ﬁw@ﬁ with the perent cross. The yleld from L.2
progeny is significently lower then the yield from L.l progeny.

Tt is thus possible to group the results ss follows:-

Crosses between Parents 100 i
A " let. selfed generstions 102,53 * ﬁ@@% -
" " 2nd. selfed generetions 102.7 t 4.4)

1gt. Generstion of selfed plants TR.4 + 10,3

2nd., " = " " 54.1 * 4.0

It will be noticed that the L.l sud L.2 plents

sre significantly different in yield, differences being se

sxpected,
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(See discussion on lLoss of Vigor on Selfing)
Eers the L.1 plants sre significently lower then the psrent x,
on sn eversge £1.6% - snd the L.2 plonte significently lower
then the L.l plants - on sn aversge 24.3%. These differences
mey be tsken sBs & general indicetion of the reduction in
yield with melfings, being & better indicstion then the
asctual experiment on loss of vigor on selfing in which
cuttings were used, It is, of course, impossible to suggest
& percentage loss of vigor for sll plent femilies, es this
hes recently been shown to vary considersbly. Some plents
have been demonstrated which show very little loss of vigor
on selfing, end meny of these sre being used in future
selection snd breeding at the Plent Resesrch Bureeu,
Christchurch,

The most importent psrt of the sbove
experiment is the faet thet, plante which heve been selfed
to obtein eveness of line will fully recover vigor, as
meagured by yield, on subsequent crossing. ot only do plents
of the lst., inbred generation, when crossed, fully recover
in vigour, but plants of %%@ 2nd. inbred generstion slso
recover s fully. There is 2 slight ectusl, though not
gignificent, difference in favour of the crossed selfings,
g8 gompered to the parent cross. In meize breeding, the
more homozygous ﬁﬁ& plents ere mede by inbreeding, snd the
greater the yleld is from corosses between such inbred nmeterisl.
Whether such phenomens will serise in lucerne is & matter for
conjectore. At the present time it is diffiouvlt to inbreed
beyond two generations with the neterisl sveileble,

However, it is of great importence to know
when breeding lucerne, thet the loes of vigour occcesioned
on selfing is recovered on crossing. The knmowledge enebles
one to oconcentrete on purifying families by inbreeding,
Enowing thet Judicious crosses between selected selfings will
recover in vigour, snd yet be ressonsbly homozygous compsared
with the parent materisl. One method of breeding adopted
by the Plent Hesearch Buresu, is to test the selected parents

by progeny tests, then to use the best parents in elither mess
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crosseg, disllel crosses or individual eromses, to produce
improved rsces. It cen sagily be seen that the use of
inbred msterisl in c¢rosses, belng more homozygous will result
in greater improvement in uniformity of lines. In this
experiment the inbred plsmts selected for crossing were
not the best of the line, but representative of the
goenerstion they csme fw@mg Yet the plent grown from orosses
batween such inbred meteriel was es high yielding ss the
parent cross, which can be considered es the most vigorous
perent. Mey it not be logicsl to suggest that selection
of the better progeny - such being no pore m@%wwwﬁygmmw
then the poorer progeny - for crosmeing, should vesults in
offspring which surpase the psrent in yield. Whether
this is sotuslly so, or whether the better plents ere
setunlly move heterozygous than the poorer plants end on &r&m%img
not necessarily resulting in @ﬁﬂ?@ﬁ%@ﬁ vigour, needs further
experinentation to find out.

If it were possible to combine vigour fectors
from the best lucerne plants, with the fector for subogemy,
the production of & vigorous lucerne plant would be simplified.
Autogemouns lucerne has been propagated by Kirk in Csnsds, but
#s yet nothing seems to be known of what is being done with
sueh lucerne. At the present time, even when 8 good crossbred
lucerne is produced, successive generations tend to revert to
the originel sversge in yield, due to selfing snd segregstion
teking plece, The elimination of undersirable fectors by
inbreeding mey result in plante which do not deteriorete go
repidly. Prozeny tests are uvsed in the selection of psrents
to overcome this deteriorsation due to selfing. It might slso
be suggested thet 1f plants sre produvced which are high
yvielders, ond will stsy down more or lesg indefinitely in the
field, seed not being produced from sn sresz of this type,
but continuaelly being produced »t some cenitrel stetion,
then the problems of deteriorstion would not concern the
farmer, who would heve & high zrade plant which, more or less,
legted his lifetime. Much work still needs to be done on

e Gon gt i s e B R
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of inbreeding, snd also on such probleme ss the relation
betwean yield of green materisl, and seeding ocspscity,

fertility end @%@wiliﬁya
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SECTION IV.A,

A GENERAT, COMPARISON BETWEEN YIELD FROM CROSSBRED

AND INBRED LUCERNE PLANTS.

i The Purpose of the Experiment.
This experiment wes srrsnged 8s & g@ﬁ&mﬁk
smplification of the previous two experiments, end illustrstes
the application of some of the remulie to general practice.
A compsrison was made between the yields of green materisl,
from the first inbred genevstion of seversl perents snd the
Fs1 of the crose between each parent snd geveral other perents.
In this way it was hoped to show the importsnce of crossing
in meinteining yield under aversge conditions.
1i. The Meterisl of the Experiment.
Home surplue seed wes given to the writer by
the OFfficers of the Plant Hesearch Station, end comprised seed
from 8 different psrent plants when self pollinsted {lst.,
inbred generation), end seed from esch of the psrents.
when erossed with from one to five other parents. The seed
wss planted on July 16th, 19385, in bowes Iin the greenhouse.
A list of Plentings:
Plent Titls. Hoo. Sown. Plant Title Ho. Sown
7/25 Selfed 13. 75/24 Selfed 26
7/85 % 23]/2 26. 75/24 x 114/14/14 :
" x B6/83 20, 39/9 Selfed

&n
o

b

&

55
&

" x 53/18 26. 39/9 x 108/15 26,
" x 68/13 21, 111/21 Selfed 24.
" ox 74/11 £6. 111/21 x 125/11 24,
75/18 Selfed 26. | " % 1%2/186 24,
75/12 x 75/84 28, " x 120/14 24,
" x114/14/14 26.  8/4 Selfed 36.
26/24 Selfed 40, 8/4 x 26/84 24,
26/24 x 70/18 £6. " ox 70/13 £4.,

8
" % 189/9 24, "ox 129/9

3
&

% 87/85 24,
26/23 Selfed 24,
26/2% % 74/11 24,
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Plont Title, Hoe. Sown Plant Title
26/23 x 68/13 18
26723 x 53/18 23,

The seed from selfings did not grow very well
in moet cmses, but orossbred seed gernminsted freely. After
being hardened outeide for peversl weeks, the seedlings were
plented out on Fovember 2lest., 1935, ss follows:e
1ii. The Method of the Experiment.

FIG. B Showing srrengement of materisl in this experiment.

Block 2. Row Bloek 3.
Humber,
Outelde row 41,
26/24 x 70/3 40, Outside row
x 8/4 | 39 . 8/4 = 129/9
x 87/25 38. x  90/13
felfed 3% a Selfed
x 70/13 36. x  26/24
x 129/9 35, 111/21 x 120/14
39/9 x 108/5 B4, x 132718
Selfed 33, Selfed
75/24 x 114/14/14 88, % 120/14
Selfed 31. x 125/11
x 114/14/14 30. 26/2% x 74/11
7/85 x 53/18 29. ‘ x 553/18
x 74/11 28. Selfed
x 68/3 29. % 74/11
x B53/18 26, 73/12 x Selfed
x 26/28 £5. x 114/14/14
Selfed 24, Selfed
x 23/2 | £23. x 75/84
Ontelde row 28, Outside row.

Ten plents were planted per row in esch bloock,

plants 1'9" sapert, rows 2'6" epart, dlocks 3 ft. spari.
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& preliminary trimming wes given to the plants
sbout oxne mofath mf%ww*ml&m?&m@ﬂ‘ Three am%m were taken end
W%iﬁ%@@ on the f@klm@img ﬁ@@@& - %@%wmﬁwy 10th, smwmh ﬁ%h”w

end June 4th., 1936,

iv, @ﬁéé%@%mlﬁ@ of the Experiment.

o The row weights will be found in the following
%w%&m 5£%& three cuttings undey 1, £ snd 3, end these columns
%%%mﬁiw@ ﬁwﬂ compsred to the parent gelfed es the bese of 100.
Ko m%%wmyﬁ hes been mede to work out mw@%&%ﬁ% errors or
%%ﬁ%iﬁ?i@@l slgnificence, but the megnitude of the results end

@%mﬁw‘@mm@imt@mmy should indicete @ precticsl significsnce.

?ﬁﬁ%F Viii

',; Increase &m Vigour on %mﬁ@%iﬁg {w@mwr%}}

e 5ok -
Rg@ " @1%%% o . 1 ® e %a ?ﬁ’w fii‘?/w %ﬁl ' 8 ow :&i}@ }
Sl 1&3»‘ Mﬁ%iﬁ% EF . %ﬁ%%ﬁ 4,656, S
{2). | |
23 /85" 2.6 5.6 4.2 . 12.4 . 137.7.
CECES . S ) '
24 v/z2s 2.0 4.1 2.9 9.0 100
‘ &3@3.%@ ‘ -
26 /g5 2.8 5.8 3.9 12.5 138.8
\ GroBg « ’ S ‘ o
26 7/ 2.9 7.1 4.4 14.4 160 ,0
BLOBRE
27 7/2b .. . 3.4 69 4.9 - 1B.2 - 168.8
cross
£8 7/825 | 3.8 7.8 4.9 15.4 171.1
. Qrous.e - -
29 7/85 3.5 8.0 5.1 16.6 184 .4
CrOBH . o . N o
ﬂ’?ég} ﬂ?ﬁ/ﬁ*& ‘@aﬁ‘ ST g&g mm RN @m@ R :}w@ w@ : 3@@@&
BPOBE . ;
31 75/24 2.9 6ol 5.8 14.2 100
gelf o
32 95/24 T B4 7.7 5.8 16.4 115.5
33 8.4 Bod 3.8 1146 100
o LA B
34 39/9 © BB 7.8 5.1 1548 136.2
erons S :
35 26/24 4.0 6.8 3.9 14.%7 154.7
croas o - :
36 26/24 4,1 7eB 3.3 14,9 156.8
eross o , .
37 26/24 2.6 4.9 - 2.2 9.5 100
self : o o
38 26/24 4,8 Beb - 4.Y 17.8 187.4
Gross . ) o
39 26/24 6,677 A0 4,0 80.6" £16.8
Srosg
40 26/24 5.5 8.7 3.5 17.7 186.3

grose
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: tut
¥o . Plent le 2. 3, Total 8 = 300
10,2086 25,353,386  4.6.36

(B},

23  73f12 | 2.3 59 5.9 14,1 152.5
Broas

24 73/12 1.9 4,0 5.3 9.2 100
seld

25  v3/12 B0 543 3.9 12, 125.8
orosp

26  73/12 2.3 4.4 Bo5 10.8 100
groge

27 26/83 3.0 Bab 4,5 18.1 140.9
Lroen :

28  26/23 2.8 4,8 249 GeB 100
gelf

29 26/23 209 Heb BoB 11.8 126.9
SO R

20  26/23 2.8 5.5 3.6 1169 127 .9
Sroes

31 111/21 Fel Bo5 4,2 14,8 185.4
gyropg

32 111/21 4.6 6.6 4.8 16.0 135.6
Lrons

3%  111/21 2.1 640 Be% 11.8 100
gelld

34 111/21 5.2 5,9 4,8 15,7 118.7
orHss

35 111/21 3.8 7.3 5.8 16.3 138.1
Grops )

36 8/4 4,1 11.4 342 18.7 125.5
SToEs

37 8f4 3.3 9.3 2.3 14.9 100
pelf.

38 Bj4 5.0 1304 3.7 28.1 148 .4
[BEOSE :

39 84 4.7 12.9 3.8 20.8 139.6
Grosg

40

SUMMARY OF RESULES:

ﬁggﬁ% Femily. Self. Cross Aversge,
7/85 100 160,1
75/24 100 1278
39/9 100 136.2
26/24 100 180/4
73/12 100 139.1
26/2% . 100 131.6
111/21 100 127.9
8/4 100 _137.8

Genernl Average 148.6
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v, Disocussion on resulis.

I% will be seen thet in every case the psrant
cross is higher yielding %%@m;%kﬁ parent selfed. The crossed
plente esteblieh better, have & higher geymination rete, sre
not so much sffected by sdversezconditions snd continve growing
a8t & fair rate until late in the gesson, Tucerne msy be
e¢ither cross @%&li@ﬁ%@ﬁ or self pollinstéd in the field.
Literature suggests thsat matursl aress ewist whers selfing is
dominant or where crossing is domipsnt, depending on the
sgencies avellable for croesing. New Fesland experience
(Hadfield & Unlder, (1936)) would suggest that of the florets
thet set seed, sbout 44 per cent. results from crossing snd
56 per cent. from self fertilisstion. The effect on =&
subseguent erop grown from seed s & regult of open
poilination is sppearent. In-bred plente resulting from
gelf pollination are mlower to esteblish, sre emsily crowded
out by weed invesion, snd never reach the yield of the
aropg~bred plents. Fortunately, the very fset that erossed
plents sre more vigorous in yield, snd seed setting ebility
{See later) tends to ensure their suecession rather then .-
thet of the poorer selfed plents. If we allow, say, 6 seeds
per pod andey cross fertilisetion, snd £ sesds per pod under
self fertilisstion, using the figures for percentege crossing
sbove, we find thet 70 per cent. of the seed produced, would
be the result of crossing. In bred plspts would produce
fewer seeds then orossbred pleunts, resvlting in their gradual
elimination from the seed crop. It mey be possible to isolste
lines which aye continually self pollinsted, snd use thesge
in breeding work. Autogemous lucerne hag been isolated by
Kirk st Ottewn, Cenade, but as yet no informstion hes mppesved,
g8 to its compsrsitive ylelding abillity, compared with nowmal
lucerne, As, however, gelf-pollinstion hes slways bheen
ssgocinted with & decreangs in vigour in the offgpring, the
genersl tendency in breeding work hes been to retnin hybrid
vigour by crossing. Inbreeding hss been used, meinly ss s

"progeny test” of the originel parent plents. The parents
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giving the best offspring sre combined to give & bhetier
average meterisl. These psrents heve been selected from aressg
of lucerne grown from commercisl seed. It is indeed likely,
that many of these plants so selected sre the plants which
exhibit the most hybrid vigour in the field. . These @}ﬁm%%
may thue be very helerozygous, snd no better for breeding
work thsn the more sversge plent, which may be more
homozygous. However, in = variety in which nstursl crossing
is very high, 1t may be inferred that the best plsnts could
be the result of the combination of most of the vigour
fectors, snd other desirsble factors present in the population
of lucerns plonts from whick the seed wes taken. It mey not
be possidle to further improve such materisl by crose ling,
within the populstion from which it ceme, but it would be e very
ugseful type of plent for c¢rossing with other varieties. If,
of course, we could meke the plent homomygous for these vigour
fectors, we would hsve progressed s feir way in producing
& high yielding veriety.
Generelly spesking, even the best lucerne stande consist of
g mixture of types from the high producing prostrate types
to the rether loweyr producing tsll types. &mm%&gm&mﬁ&y@
gselection of the best individusle, snd concenirastion of their
best gualities within = new crossgbred line should give a
marked incresse in yield.
It mey #lso be mentioned, thet any sgency sssisting cross
fertiligetion in the field would grestly sssist the breeder
in preventing deteriorastion, which occurs in the offepring

when crossbred lines are gelf pollinsted.



{%ﬁ}

SECTION V.

A COMPARISON OF THE SEED SETTING ABILITY OF PARENT

PLANTS , MID THEIR INBRED PROGEHNY.

1. The Purpose of the Experiment.

Overgess litersture suggested that inbred plants
were poor geeds compered with the parent plents., FHadfield &
Calder (1936) report that self-fertilisetion gives plents which
produce fewer geeds. In order ftov confirm these resulis, and
to obtein some messure of thie reduced fertility in inbred

plents, the following experiment was designed

ii. The nmaterisal of the Ixperiment.

The Experiment was csrried out on plesnts of
the Plent Hesesrch Station, which were allowed to go to seed.
Bour femilies of plenis were chosen. In ench femily 8 - 5
parent plente were availeble, 3 ~ 5 plsnts from 4 of the L.1
progenies, and 4 plsnts from as meny of the L.2 progenies es

were svailable.

iii. The method of the TExperiment.

A gpeed crop wes harvested from the sbove four
plont femilies on April £28th., 1936, end the bundles of seed
gtelke allowed to dry to be threshed during the writer's spere
time. Unfortunstely, the materisl weg mixed by some outside

person, making it impossible to continue the experiment.

iv. Discussion.

Althongh the sctusel experiment was & fallure, some

general

observations moy be of interest. AIs afrule the parents set
most seed, the lst., inbred generstion (1.2} produced the
lesgt seed., There is however, vexry much varistion im the
m%@ﬁimg geapscity of inbred plents, perticulsrly in the "IL.2"
generation., Here plants were observed which set practicslly
no seed, while others approached the psrents in seeding cepacity.
The possibility of selection is thus epparent. In meny cases

the high seeders were poor yielders of green material and

vice verss, though this csnnot &s yet, be considered genersal.

g
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It is now reslised thet the experiment designed
es sbove would not have given e very asccurate indication of
the m@@&ﬁm@ cepacity of the plsnts. Given the opportunity
in the future it is hoped %o repest the experiment, but
rether on the following lines.

A ﬁmm%@w‘(ﬁ& large sg possible) of florets is selected on each
p%w&ﬁ% m1ﬁm% congidered, snd sls0 on o representative sample
of T.1 snd L.2 progeny. The percenisge 0f florets setting seed,
snd the number of seoeds par pod would give & better idesn of
m%@&img cappeity under open pollination conditions than the
measuTe mf the totel mesed set on the individusl plents or
&m@l& groups of plents. Allowance would here heve to be made
for differences in number of flowers produwced. This
m@tk&ﬁ:hm& been used in New Zealend by MHessrg. Hedfield %
Calder, - see "Investigetions relative to pollinstion

snd ‘see¢d production in Hew Zeslsnd". H.Z. Jour. Sc. & Techn.

V. XVII. 4. 1936.



(47)

SECTION VI,

PRELIMINARY OBSERVATIONS ON STERILITY

i, Conditions necesssry for Seed Production.

Zeed production in lucerne is dependent upon the
following (Armetrong & White, 1935)

(1}e Abundent vieble pollen must be shed st the
erect stenderd stege. {(They distinguish four steges in the
bud, prior to tripping, the streight bud stsee, pointed bad siepe,
hooded bud stepge, and evect stendsrd stage. For further
explenstion see 'friicle in Journsl of fgvic. Scisnce, 1935}

{£), The stsmensl column must be relessed from
the keel {i.e., flowers wuet be tripped).

{3)s In the set of tripping the column must
strike the stendsrd with sufficient force to rupture the
surface cells of the stigms. |

{4). After tripping occurs, the proper moisture
relationship for polilen germinetion end pollen tube growth
must be mainteined to effect fertilisstion

(5}, After fertilisstion the weter metsbolism

of the plsnt must be sveh s to prevent ovule sbortion.

i1 & Genersl outline of Sterility.
Tucerne is mnormall; (or perhaps ww@f@y&hﬁyﬁ
eross pollinsted, though much sell pollinetion cen occur
{Piper, 1914, Hayes & Garber 1981, Ysraeshevsky, 1931,
Jenking, 1931, Torssel, 1931, etce,). The progeny resulting
from self-fertilisation usnslly show & warked reduction in
gelf-fertility, snd often in cross-~fertility (¥illisms, E%%iém
Successive selfings cansge s greater decresse in fertility unitil
8 stage is often resched in the 2nd., or 3rd., inbred
generstion, where the plent is completely self sterile, and mf%@@
only slightly cross-fertile, |
Sterility mey be due to pollen sterility or
sterility of the overy, or some combinstion of both. It may
be due to some heritsble defect in the germ plasm {e.g., lethsel

factors), or to some structusl ddect in the pollinseting
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meghenism, resulting in incomplete fertilisation.

iii. Pollen Sterility.

Aymetrong & White, 1938, found thet in three

»
cages out of eight inveptigsted, pollen sterility conld be
suapected as the csuse of low pod setting. They consldered
thet 0% or more of visbhle nollen wes smple for complets
fertilisstion. They showed » definite correlstion in the
plentes studied bhetwesn the nroportion of good pollen snd

pod besring., Plants which hed & high percentege of sterile
pollen were shown to be deficlent in smount of pollen as well,
and had & high proportion of shrunken greins sssocieted with

ey

frulty debiscence of the suthers. Such defecis, frequently
result iﬁ the failure of the stigms to cepture wﬁw%%a pollen
graine between itselfl snd the stendsrd when tripped. They
found in compering perents with the 1st., end 2nd., inbred
generstion progeny, & definite correlstion between pollen
gsterility snd the number of meeds per pod, snd elso 2
definite segreguntion of & frotor or fectors for pollen
gterility in the @}ﬁﬁt% used .

“eversl lines of lucerne under observetion by the
P, He Btation, were tested by the writer for pollem sterility
in psrent snd lst., »nd 2nd., inbred generations. The method
uged wes to introduce pollen greims into e drop of 10% suger

golution on 8 cover slip, snd exsmine mg & ha

b

{Bower & CGwynne-Vanghan "Practisl Boteny for Beginners).

Xm 81l csges , serminstion occurred within 25-30 minntes, whatever
the gemerstion, snd in no cage was sny degres of sterility
noticesble. In one csse {femily 91/10/8)which is the 2nd inbred
generation showed grest sterility in orosses with other plants,
the inbred pollen seemed glightly more vigorous thsm the

perent plant. In 81l the families situdied, from 95 %o 100%

of the pollen grains germinsted snd produced pollen tubesunder
the conditions of the test. Sufficient pollen could gensrelly
be sald to be prssent to effect fertilisation, though
observetion wonld tend to suggest & reduction in smount of

polien in inbred plsnts compared with the originsl psrent.
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@h@wmwﬁk@ p§x@m$”@xaw% is & poor producer of pollen, the
inbred ﬁlﬁﬁ%%;ﬁﬁﬁkﬁiﬁﬁ pooy producers. It is %&p@éaﬁﬁyw@m%i%mw
@K@@wiw%m%@_mm,%wﬁ%imﬁ ﬁ%lﬁ@ﬁ,iWi@% observations on &ﬁﬁ%kﬁﬁﬁ
quelities of greins, end quentity of pollen produced during
thig coming sesson, Ewﬁ&ms* | \ | |
ive,. M%%wﬁ&i&y dn the %wma?% ﬁ%m@%%w o
it ~%&wﬁ3ﬁ%y cauged by some leck in t%m f@m%l@ m@w%
of the f&mww% or by . some p?ymim%&wi&%& disturbence im the floweyx
hag not h@%%_im@%ﬁtggﬁt@&;%& yet to ﬁ%ﬁ‘ﬁ@m@,%xi@m% a8 polien
steriiity. Seversl cases may ocour
- {1} The ovule faile to ﬁ@vwlww%‘@mﬁ the fiower r
drops esrly in &@V&&@@m%mﬁﬁ R
(2) %%m,myml@,ﬁ%gx%@”@w%%@%w&ﬁ%‘%w,f@m%imim@%iméw
Here immmmy%%ﬁ%&lﬁ%y’@w,%h@K§Wﬁﬁﬁm@@ of lethel fectors

concentx ﬁ%@@ during mw&fim& causge m@nmfww@iXiﬁwﬁﬁwm or

sbortion, . . e e ¥ _ wl
{3). Some physiologicel disturbsnce in the plent
nay

(8! prevent %wim@ﬁmgw

{b) not csuse the stigms to strike with sufficient force
sgeinst the stsnderd to rupture the stizma cells.

{a) not zive the vroper moisture reguirement for g@@mim@%i@m’
of the pollen, snd slso the water metabolism of the plant
after fertilisstion may not be such ss to sllow normal
development.

{4). 1% msy slso be supposed thet s leek of

vigour in both male end female plents mey ceunse the fsilure
of fertilisation, even where no incompstibility exists between

the male and femsle germ cells.

During Februsry snd Merch lsst, sn stiempt wes mede
to measure germinetion of pollen greins on the stigmes of psrents
end 1.1 snd L.2 generstions in femilies exhibiting sterility.
However, no germination wes obtsined on sny stigme, either due
to faulty techmique or to the generslly poor seeding sesson

during 1935-6. Cotton blue sitsin wes used to show up
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the poellen grsing, snd 8lso the pollen tubes through thre
stigma., The velue of the stsin could not be determined -due to

isck of germinstion of the pollen itudbes.

Armgtrong & hite, 1935, used 8 gisining

golution of lscto-phenol, conteining sn seld fuchsin light

green stein. The stain wes made up of & parte of lﬁ\%qmmmw%

acid fuchsin snd 2 pearte of 1% 1light green in 95
Bufficient stein sdded fto lscto-phenol to give it = deep
golour, Fhen the pistil wes flattened slightly the pollen
tubes eounld be treced through the stignms. Thig method
will be tried out next seeson, and if poseible while the
flowers are in bloom sbount Jemuary.

It ovn be suspected thet 1t iz either lethsl
factors, or skse that the plant ceunot provide sdequate
facilities for fertilisetion which eore mainly responsidble

for sterility in inbred lucerne st Pslmerston North.



{51)
SUMMARY :

1. Bxperiments on the technique of lucerne cross pollinstion.

Jeversl methods of emasculetion of lucerne flowers,
and theiy effect upon subsequent p@mlim%%ﬁmm ware compared,
Greetest efficliency was obtained by removing the standerd snd
%l@wimg awsy the gurplus pollen. It is likely that this
grester officlency is due to the less chences of rupture of
the stigme cells comparsd with florets in which the standarxrd
ig left. Vsshing the pollen off was imprscticeble snd
advergly affected pollinstion.
2e & messure of Joss of Vigour on Selfing.

The experiment using cuttings turned out
very unsatisfsctorily, snd demonsireted to the writer the
difficulty of securing representetive and comparstive
%ﬁm@l%@ of plsnts by this method. A loss of vigour occur
from parent to let., selfed gemeration, but no further loss
from Is8t., %0 2nd., selfed generstion.

Uging plants grown frowm seed in the next
experiment, there was =2 succesgive loss of vigour from
perent to lst., end £nd., selfed generstion, of the
order 21.6% from psrent to 1st., selfed generation, and
24,3% from ist., selfed to 2nd., selfed generstion.

3o A mespure of return in vigour snd crossing.

| Lkecovery of vigour {expressed by yield) on
crosging selfed progeny was complete when compered witk the
perent cross. It may be suggested that crossings between

gpeclielly selected plants of both lIst., end End., selfed

would give 8 higher yield than the psrent oross.
4. A Comparison of Seed Setting Ability.

Preliminsry observetion would svpport the belief
of a genersl reduction in seed yi@lﬁ on gelfing. Mg yet no
statisticsl resulis have been obtsnined.

5., B8Sterility in Inbdbred plants.

No cages of pollen sterility wewe recorded in

femilies of lucerne tested st Palmersion Horth during the

1935-6 sesson. Investigations sre vroceeding on other esspects
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