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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



{3).

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



-

5y

WCTION 11T {continuned)

i, The purpose of the Ywperiment 19.
id. The materisal of the Experiment i%.

114, The mathod of the Experiment L8,

iv The resulis of the Experiment 25,

L N Disovseion of Pesuolis. 29 .

SECTION IV £9 .

ON
ie The purpose of the Ixperiment 29 o
ii. The materisl of the experiment 29
iii. The method of the Experiment 31,
iv. resulte of the Experiment 38 .
Ve Discussion on results 38

&5
©
&

I The purpose of the %9 .
iie The meterlial of the 59
iii. The method of the Experiment 40,
ive The resulis of the Experiment 41,
7 . on Repulis. 43 .

IHG A OF

D PROG
is The purpoge of the Experiment 45,
1i. The materisl of the Hxperiment 45
iii. The method of the Experiment 45,

ive Digeussion on the Txperiment 485



b %\Q”m

RIS

BECTION VI 47

is Conditions necessary for peed production 4%
ii. A penersl outline of sterility 47
iii. Pollewn sterility 4B
ive Sterility of the ovaer; 49

SUMMARY 51

LIST OF REFERENCE




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



{3).

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



(7).
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.



