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LUCERNE.

BRE: DING METHODS.

R. A. Calder, Plant Research Station, Palnerston North,

. i e W

A Dbreeding project directed towards the type inprove-
ment of |ucerne was commcnced at the Plant Research Station
in 1931, Such a ?roposition demanded a prelimnary trial
of nunerous regional strains. Before proceeding, thereforc,

to discuss actual breeding nethods. | should like to. give. a
brief outline ofa the orlan, distribution and pecu?lgrltles

of these various forns,

Lucerne is supposedly a "native of the tenperate
regions of Western Asia, the countries south east of the
Caucasi an range and the north western part of nodern pcrsia."
It was apparently confined to this grea for a considerable
period since, according to chronological records, itu
mgration did not comrence until about 500 B,C.  Subsequent
o this period, its distribution was influcnced by the spread

of civilization. It penetrated us far east as China, clong
the old caravan routes; it followed in the wake of the
victorious Persian, Geek and Romun armes; it was transport-

cd to licxico and South Anerica by the Spaniards; and it was
introduced into the nore recently coloniscd countries by tic
early pioneers. To-day its dispersal is practically world-
wide and is cven yct being extended.

_ This universal distribution has been effected zlmost
entirely by human agency, a fact which nust constitutc concrete
cvidence as to its extrene value as a forage crop,

Despite this acknow edged worth, though, the culti-
vation of luccrne could not have becone so w dely adopted h:ud
It not been for its great adaptability. Transported to
-regions where conditions differed considerably from those of
its original source, it was able to survive but in many in-
stances this survival was acconpanied bY a change in type.
Forms were c¢volved which werc better able to thrive in thess
foreign environnents than those originally 'introduced. This
presupposes that the original ancestor nust have possessed
a .genetic conplex with o wWde range of potential charactcrs
and, when envir,_?mnepkt“a}”-@f%g&%“;nof_different intensities wero
i nposed upon ity the rcquircd variations nore in harmony wi th
the different conditions, wcre produced,

There exists, therefore., to-day a nunmber of different;
types of |lucerne, Thesc have recently been classified in

some detail but nmay bc grouped roughly into the follow ng
closses:-

1. Prostrate forms: the se are winter dormant and are ablc
to survive cold contincntal winters or ¥igorous nountain
condi tions. The Ladak varicty and sonme Turkestan strain:;
arc included in this group.




< 2

0200991

2. Semi-erect forms: These arec less hardy and are grown
nmore extensively in temperate zones. They are _probably
the nost widely-cultivated types, exanples of which are

Mar | borough, South African, Hunter River, Provence, various

strains of Ginmm Baltic Cossack., some Canadian and
Anerican variegated strains and many others.

ﬁ, Erect forms: are non-hardy, are rapid growers, and
ave h-preference for high tenperatures,  Arabian and
Peruvian varieties are typical representatives.

According_ to Bordakov. a Russian scientist who
has been responsible for a recent classification of
Lucerene, Medicago falcata, or the yellow flowered species
may be grouped simlarly,

Such information is directly relevant whenever
it is proposed to effect an inprovenent in type by breed.-
ing or selection, it enables the investigator to choose
that nmaterial which is likely to be the nost suitable fo:
his project.

MATERI AL. Through the¢ courtesy of the Principal of
VarTborough Col |l ege, New Zcaland, the Plant Rescarch Station
was fortunate in being able to obtain a collection of _
types introduced from America by the late Wm. Purdie. This
series included such varicties as Gimm Canadian and
Anerican variegated forns, Ladak, Baltic, Cossack,
Trkestan, Arabran, Peruvian and others. Together with g
nunber, of Marlborough strains secured direct from Blen-
heim these formed the bulk of the original breeding
material and represented fairly typically the diffcrent
growth habits of the lucerne species.

This collection was propagated as single plants
and during establishnent and at full devel opnent observat-
ions were nade in an attenpt not only to determne the
most suitable varieties but also to select from within
these varieties those plants show ng superior qualitins,

The behaviour of the different types was of
interest in that each maintained its own distinct charact-
eristics. The prostrate and sem-erect forms, devcloped
in zones which expericnce severe winter conditions, wcre
inclined to be spreading in habit and gave good summer
yields but, being winter dormant, had g linmited grow ng;
season; _the erect types, originattiing from warmer climates,
were upright in growth, quick 1n mecovery amd Heal am ex-
tended season of productivity but their permancey was
limted and the vicldas of the iimdli vidual cuts were not
exceptionally high, whilec the Marlborough variety a
regional strain of the scmi erect type, developed natural -
ly-by long sojourn in the province from which it takes its
nane , was Sem-erect to erect in habit, was fairly rapid
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in recovery, had a prol onged grow ng scason, gavc good
yields and was in fact supecrior to all other” forms under
| ocal conditions. Recent trials indicate that the
Hunter River «nd South African types are gomewhat similar
to the Marlborough form in their behaviour and may serve
equally as well as sources for breceding material,

The acconpanying graph indicates the relative
seasonal productivity of w nunper of varieties during the
period April 1932 to iarch 1933,

The performances of the various typos nay be
sunmarised as follows: -

1, A lucerne strain evolved to meet the demands of a
particular environment wll, if transferred to z region
differing from its former habitat, strive to retain those
special characterigtics through the development of which
it had been able to adapt itsclf to its original surround-
ings. The period neccssary for any change to occur woulg
depend principally u»non the degree of contrast between the
exchanged environnents and consequently between the type
of plant essential to each and upon the variability
potentiality of the species.

The liarlborough varicty originating from a type.some-
what simlar to itself has taken only from 4050 years to
express upon itself characteristic features. It is
obvious that, wunder simlar conditions, such a form as
Ladak would take a much longer period to become transform-
cd into g Larlborough type.

2. A lucernc strain introduced from « vegion where
external influences are somewhat simlar to its own

woul d probably be of nmore value in the new environmocnt
than any which may have been inported from localitics
subject to nmore extreme conditions, A wintcr dormant foro
renoved to o nore tenperate zone will during the wnter
remain dormant; thus its season of -productivity is rathcr
limted. 4 non-hardy type, on the other hand, may under
simlar conditions, continue to develop even after czpor-
iencing a few degrees of frost but is disposed not 3o bo
permanent and does not yield particularly well, Regarded
general ly, wvaricties such as Ifunter River, South Africon
and Provence more necrly approach the superiority shown

by the iarlborough type for New zealand conditions than do
the winter dormant or non-hardy fornmns,

3, A lucerne gtrain devel oped naturally is not absolutely
honbgeneous. Anong the numerous lines planted out there
were varying degrees of unifor_rrit?/. Al though each wvaricts
was characteriscd by somc particular features the individ-
unls within a variety varied considerably, Some plants
possessed broad |ecvcs, sone narrow; Some had open folinge
ot hers dense; the stems of sone were coarse, those of

\
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others fine; although adhering to a definite type the
plants differed extensively anong thenselves.,

From these preliminary investigations then it
was evident not only that it mght be possible to effect

an inmprovement in type but, also that the Marlhorough strains
were nore swta\)Py;byac?apted to New Zeai and con |t|oﬂs t}]an
any inported variety,

sel ected férS %hgppsel%ucﬁnvcleduta © plea}rf E%Srrtiamgregloov(/etrleoncr?gs. r!aPrE)rSn
this variety. Prior to their selection, though, the
question arose as to what constituted an ideal type. Tt was
decided finally that whether for hay or for grazing the chic?
aim should be a high yield to which should be coupled if
possible leaf density, rapid recovery, disease resistance
and permanency; a rathcr anbitious standard perhaps but

one to which it gseecmecd possible to adhere, Only those
plants approximating this ideal were retained for bro.ding
purposes; the rest werc di scardeg. i

~ But tnc apparent performance Of a plant is no meas-
ure of its .brccdingppot.enugrlues, ~ Consi depred as an
individual it may bg emnent but, until bred from, the _
probable nature "of 1ts offs»ring cannot be predicted. Tt is
concei vable that if tese untcsteg Etl@f:ted Dl}'ants WO
bulkcd together and a ‘sced crop taken from them ~the fivet
%‘nerat&og nag be an im ro¥%mgnt or} gormerm al ?tra| ns but

£ viourd "be ver unllkcfy al In tuture generafions thig
superiority would be maintaincd. Before any solccted olant
is utilised for further brecding work someg indication has

t? be ascertained as to its genetic constitution. Thid i
effected by inbrceding.

INBREEDING., In a sc¢lf fertilised plant generations of in--

brgcdim have brought about a-state of conplete homozygosity
arng exc%ﬁg wher e mutati%ﬁs arise thc form of the progcn% i
uniform and simlar to’ t of 1ts parent. ¥h|s I'Ss”not, the
case in a cross fertilized plant. Hore the formation of
the zygote is dependent upon tho union. of two ganetes.

whose ™ genetic :onstitution will invarirably be unlike in gomc
respect, This induccs heterozygosity, a condition which

afford opoortunity for the accunulation of vigour factors
and for “the masking of wundesirable characters, usually

recessives, by the action of dom nance. Thus the true
constitution of a cross fertilized plant cannot be ascecrtain-
ed fromits appearance..

Self fertilization. or inbreeding of »lants,
normal Iy cross fertilized , vawver, hus the effect of cxpos-
|Hg to sone extent %he nake-up and 1§ used extensively in
tt .breedlngto such 1 ndivi dl*alﬁ. e p¥ocess itsel tonda

0 increase -the proportion 0 onobzygous factor pairs and to
decrease  heterozygosity.... 'These c¢ffects are reflected in
the inbred progény in the follow ng ways:-
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1 . Undesirable characters arec cxposed; inbreeding rcsults
in their segregation in a hompbzygous condition and al |l ows
themto be expressed,

2 Uniformty of type amongst the separate segrcgation is
secured. Continued inbrecding increacses the proportion of
honozygotes which remain as such and {end therefore to
establish uniformty.

P Vigowe 1S reduced unong the inbred |ines, This is
due oroktahly to the 0SS euch may sustain, through the
segregation of gome of the factors on which nmaxi mum vigour
denends.,

b The degree of gelf sterility is generally increased
with each succeeding inbred gencration,

The character and degrce of the variation of the
inbred progeny IS a representation of the constitution of
the parent and serve to evaluate its breeding possibilitics.
Thus some cross fertilized plants on selfing may give rise
to a conparatively uniform progeny; in such a casec if the
type be good the plant itself or somec of the offspring may
serve as uscful parents for futher breeding work. Convers: -
ly other »nlants may oxhibit extreme variability; these
should be elimnated.

In lucerme, fertilization is brought abowt as a
result both of cross and of self pallination For broeding
purposes, then, selected individuals should pe subjeccted to
an inbred progeny test.

From our original material about 250 plants had been
selected for sone particular qualit)é. Lach o1 these wero
forced to undergo self pollination by being enclosed within o
careuse cloth cover , The resulting famlies were grown togethor
In grouns for comparison. Some: closely resenbled their
parents and showed little variability; others exhibited
much inconsistency in tho habit and tform of the sgenarate
nlants; while a few were conposed of nothing but dwarfed or
subnor mal ' i ndi vi dual s, During .thdés conparative study of' the
L+ material, outstanding individuals anong the nost satisfact-~
ory fanmlies were noted,; these were gelfed and al though +the
increase in the degree of self sterility was very marked,

sufficient seed wssobtained fromnost plants.  This
provided the second inbred generation which is now under
observati on. In both generations there was in nmost familiecs

an obvious reduction in vigour relative to that of the »arent
slant and none of the famlies inbred to the second generation.
have this season outyielded their contiguous controls, Anl
outstanding feature in this second inbred generation was the
remar kabl e degree of uniformty anong many of the famlies,
some certainly varied to quite an extent but the larger “ro-
sortion was extrenely uniform
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_ The utilization of this material for type inprovenent
wi Il now be discussed.

As breeding work with »lants is necessarily rather a
slow »rocess it 1S perhans advisable to attempt to »roduce
Dartially inproved strains during the progression towards
the devel opment of that product which should represent the
consunmation of the breeder's efforts. Such a system has
been adopted at the Plant Lesearch Station. The work is ad-
vancing by stages and'it is poposed to introduce in succession
a series of improved types of which the later ones should be
superior to the earlier forns. It may be jpmpossible to
produce a strain where each individual plant is able to
mai ntain an enhanced superiority over any appearing in
comrercial lines but it is nore probable that a formmay be
raised which will contain a greater oroportion of satisfactory
plants than is exhibited in nost varieties at present on the
mar ket .

This is being attempted by the follow ng methods;:-

1. Interyollination of those originally selected plants
whi ch produced satisractory L1 Progeny. -

awrlacrmar -

It has been mentioned above that about 250 selected
Pl ants of the original material were selfed and their
amlies studied and conpared. From the behaviour of these
L4 progenies it was possible to elimnate all those selected
plants whose constitution had proved to be unsatidghctory,

Of the remainder about 30 of the best, regardless of type,
were transplanted together in ablock and allowed to inter-
pollinate.  The secd was harvested and |ater used to form z
second seeding area. This second crop on establishment
consisted of rather a mxed population of plants, a condition
which had been anticipated, however, as the parents concerncd
were thenselves so different in type and had undergone no
test as to their breeding behaviour when crossed one wth

anot her . Despite the presence of a few poor plants the crow
was quite satisfactory judging from the performance of o normal
lucerne stand. Strict roguing has becen and wll ¢till be

carried out to elinnate undesirable plants. The remai nder
will be left to seed together and should provide the first
slightly inproved naterial.

2. Conbi nation of the original parents and their offspring
subsequent to tecsting by selfing and controlled crossing.

About 4514 families werc retained after having boen
under observation for tw seasons. During that period,
as has been nentioned previously, the best plants, about
200, within these famlies had been noted and were wultimately
selfed, The seed from these produced the second inbred
generati on, Agai n gfter g studied comparison it was possiblec
to discard a nunber of famlies leaving only conparatively
few with which to continue the breeding work.

]
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o The methods of procecding with these were somewhat
limted fLor the rcasons thats:-

Qe None of the familice inbred to the second gencration
gxeelled Iin vigour that of the 1arlborough con{grols. Thi s
can be seen from {hc following figures which indicate the
average weight per plant within 10 Mrlborough control 9plots
conpared with that within 20 inbred lines taken at random,

Ma: lborough Inbred lines ~  Best Inbred
Control Line
cuts Av. wt. of plant. Av. wt. of plant. Av. wt. orf plant.
1st cut. 1.12 1bs. 0078 | bs. 1,52
2nd cut. 1.16 1bs. 0.77 1bs. 1.0%
jrd cut. 1,1y Ibs, 0.82 1lbs. 1.20

Loss of vigour has reduced the uverage Weight of plants
originating from selected matcerial to below that of even an
ordinary commercial line. It seemed futile, therefore, to
attenpt to develop an inmproved strain from merely an inbred
l'ine.

b, It has becn suggested by other workers that, though
synthesis of sclccted inbred plants Wil restore vigour to
sone extent, certain valuable characters may have been |ost'
through being associated Wth the discarded segregates.

To avoid these difficulties the original parents

t hensel ves whi ch had produced favourable L4 and L2 »rogeny
are at this stage being utilised in preference to the inbred
matcrial, They are to be conbined, according to type, for
the formation of conposite strains, but before this is
roceeded with the interaction of one upon the other has to
e determ ned. This is being done by the process rceforred
to as diallel Crossing. The selected parents, depending
on whether the type has been erecct, sem-erect or prostrate
have been divided into three groups each of which includcs

i ndi vi dual s. yithin each group the plants have been
crossed one with the other; their progenies have yet to be
studied and comparedgdrepresentative individuals again
selfed or intercrossed, From the behaviour of the famili.s
of both generations it should be possible to ascertain, in
each particular group, which of the selected individuals or
which of their progeny should form the nuclci for further
improved composite Strains. These should be guperior to
the first endeavour as the parents included will have been
subjected to stricter exam nation.

3. The USe of inbred material for strain buildins purposes,

_ By inbreeding, undesirable characters are umasked
during segregation and are able to be elimnated by sclcction,

Thus, theoretically it could be assumed that in & few gencrat-

ions a uniformline or good plants suitable to form the
foundation of an inproved strain could be evolved; »ractic.lly
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this is not so. |f after the first one or two generations
the degrece of gelf sterility has not increased to such an

exfent as t0 .revent the production of further gencrations,
it is alnost certain that vigour reduction wll alrcady have

bgen expressed,, There is 1little chance of raising an improvod .

strain nmerely irom an inbred Iine,

If we assume that vigour reduction has bien due toO
the expression of dclctcrious recessive factors in 2 homo-
zygous condition and to the segregation of Factors for vigour,
then, by elimnating the poorest familiecs, those that arc ro-
tained should possess the morgc desirable characters., 1yg to
an incomplctc complemecnt Of vigour factors though, none of’
these famlies are as productive gs the original »arent dog-
nite the fact that they have been rid of sone yndesirable
traits, The followng figures indicate the average yicld
per plant of some 1,2 families from three cuts taken during
the past season.'

39/9/2 = 1.09 1bs. $59/3/8 = 0.86
39/9/5 = 0.64 " 59/%/10 = 0. 73
39/9/11 = 0.70 v 99/%/12 = 8' 38
39/9/1h = 0.67 59/%/1% = 0.
39/9/20 = 0.55 " 99/%/15 = 0.78
55/18/2 = 0959 leo 111/21/1 e lall}-o
5%12;? = 0% y 1.11/21/1?3 = 1,19
18/11= 0,38 1 111/21/18 = 0,91
22/18/18: 0. Z?(() i 111?,21;21 - i
55/18/18= 1.23 11151722 = 1.0K
A1osh = ook
0 = 0,0l
81;10;10.—_ 0. 621r
91/10/1h= 0,6%
91,/10/20= 0,89

The yields under simlar conditions, of' the
respective parents ofthese famlies were not ob tainable bus
that of the iarlborough comercial controls = 1,14 1bs,

There has evidently been a segregution for vigour accomponicd
by a consequent reduction in Yyi eFd. If the poorest of thene
famlies are discarded it nmay be possible by a synthetic
building up of the remaining lines %o reconbine nost of +the
characters necessary for full vigour but three wogeibilitics
nilitate againgt the chances of ever securing a maximum

per manent | nprovenent.

1. Some desirable factors may be linked with those resvong-
ible Tor the rejection of the discarded famlies; they are ,
therefore, for al1 practical purposes, unattainable.

2., Yyhen two unrelated inbred strains are crossed, any i-.
creased vigour which may be observed in the progeny is duc

to a greater accumulation of genes, influencing size und
vigour  favourably than was present in either of the parent:z,

_‘/'“_



s

®

-~

...9..

The probable linkage of such genes to others that influence
vigour adversely, minimises thc possibility of securing =
maxi num conpl ement of desirable vigour factors. only.

3. Dven if it were possible to establish a germplasm con-
taining & large proportion of the nost beneficial vigour
factors they still mght be in o heterozygous condition and
the initial imorovement would be merely a tenporary one,

7ith due regard to these fucts it is proposed,
nevertheless, tO combine nmenbers oi the best of <the in-
bred famlies first ih pairs to test their nutual rcaction
and then, %Stematically, in order to reconbine if opossivlc
a 13;03@ nunber of favourable Vigour ractors iN a homozygzous
condi ti on.

These are the methods then which have been adopted

O{}{)Q{EEE’

in the endeavour to secure an inprovenment of type in lucerne.

Should they be successful to the extent that forms are

produced which in the trial plots exhibit a superiority over

comercial lines strict comparisons under field conditions

will still be necessary; not until they are proved definite-

ly to be superior will they be released into commercial
channel s.

—
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