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WORKING WITH THE WORLD FOR PLANT IMPROVEMENT

FARRER ORATION 1983

J. R. Syme

_Department of Primagy Induétries

Queensland Wheat Research Instituté, Toowoomba .

Wiiliam James Farrer was a man of vision. He was one of the first
to recognise the potehtial of hybridigétion for the improvement of
agricultural plants. He also saw the value of attributes to be found in
plant va;iéﬁiés groﬁing in far distant countrieg; mérom these ideas he
conceived the goal of producing varieties of whoat which were productive,
resistant to disease and of good grain quality, and also the means of
achieving this goal by hybridising varieties of diverse geographic origin.

Farrer's work provided, indeed, an excellent example £for the

theme of the 1983 Oration, the value of international germplasm exchange in

‘the improvemant of agricultural plants in Australia.

Plant Introducticns

‘The native flora of Australia supported a low density gopulation
ior many thousands 05 years prior to-the wave of new settlers thgt started
to arrive in 1788. Tﬁe‘na£ive grasses also p;ovided fodder for the
animals whiéh the settlers introduced, and their value as a foundation

for the grazing industries continues to the present day. Apart from this,



however, the éontributionto the agricultural requirements of modefn
.civilization has been relatively minor. Australia has given no important
agéicultural plant to the worid, and although we have many species‘or
sub-species related to important crops, the only example of these being
successfully used as a pafént i; hybfidisatibn'is the proaqction of 3
"tobacco varieties with ephaﬁééd-diséése resi;ﬁance.(Marshall and Broue 1981)
(Table 1). B { : | .

Australian agriculturé has-therefore always been heavily reliant
on pilant intreoductions. Introductions can be of many different types.
They may be accidental or deliberate, free or traded, legal or illegal,

for use as a cultivar unchanged or as a breeding parent, obtained by

posting a letter or the result of a hazardous collection expedition.

Germplasm Flow Models

dne of the most important introductions subterranean clover
(T"rifolium subterranean) was an accidental one. This species was probably
introduced on many occasions during last century (Cocks et al. 1980),
and until recently it spread and evolved in australia in relative isolation
from the rest of the world. If these early introductions are considered
as a single event, then this can be il%ustrated by the "Hive-cff"® model
of Figure 1. In this model a sampling of the world gene pool leads to
separéte evélution of local vgrietiés. The situation has however, changed
a little in the last 20 yea%s with the release of 2 cultivars incorporating
genes from a Greek line of Trifolium yanninicum,

In contrast, a new species in Australian agriculture, triticale

{(Triticum x Secale), can be used as an example of the *Umbilical” model

of Pigure 2. In this model the world's germplasm is repeatedly sampled
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to provide varieties directly for Australian agriculture. Commencing

-in 1979, eight varieties of triticale have been registered in Auétralia
(Tagle'Z). All ﬁave been derived, with various degrees of local seléction{
from genetic material obtained directly from the International Maize.and

Wheat-Improvement Céntre (CIMMYT) in Mexico.

) A ﬁore ébﬁmon model for important épecies.for which there ére
well;éstablished breeding programs both in Australia and overseas is the
"Booster" model of Figure 3. This involves a local breeding effort of
intercrossing, selection and release, with introduced germplasm providing
a periodié boost through the infusion of genes influencing desirable

attributes.

Wheat
An example-of this model is wheat. A significanﬁ improvement
of Australian wheat varieties, which were initially based on those of
Furope, occurred as the result of the introduction of Du Toit parental
lines from South Africa in the 1880s (Table 3). These and later introductions
of Indian varieties provided earlier maturity, thus allowing crops to
mature before the onset of extreme summef heat and drought (Macindoe and
Walkden Brown 1968).
Farrer was very interested in wheat quality and attempted to
combine the earliness of Indian varieties, the baking quality of Fife
wheats from Canada and the productivity of existing Australian material,.
e only part;ally realised this objective as his most popular variety,
Federation, was not of good quality and’the moest popular of his goqd
quality varieties, Florence, was not widely grown. However, it was his

visionary concept, and his varieties which were later used as parents,
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which paved the way for others to realise this goal, for example in the

variety Gabo released in 1945. Wrigley and Shepherd (1977} concluded

thét Gular, derived in part from Farrer's wheats, was probably the
recurrenﬁ parent used in the.breeding of Gabo.

The priméfy viéidn which drove Farrer on in his pioneering work
was, hoﬁeQer, the prospect of controlling the scourge of stem rust by
breeding (Farrer 1898). .In this he again forged the concept which others
were to realise. It was the infrodudtion, ia the 1930s and later, of
resistant parent lines from East Africa, North America and eléewhere that’
provided the raw material for men such as Waterhouse, Macindoe and Watson
to use so successfuliy to control this disease.

The next major inﬁusion of gemplasm commenced in the 1950s with
tﬁe introductioﬁ of semidwar£ wheats from USA and Mexico. These brought
with them the genes for reduced height derived froﬁ the Japanese variety
Norin 10, which were to be so valuable in eastern Australia and elsewhere
in the world in controlling crop lodging and in increasing grain yield
through raising the ratic of grain to straw in the plant. The flow of
germplaém relating to semidwarf wheats in Australia is shown in Figure 4
and represents an outstanding example of the benefits derived from open
international genetic exchange. .

The increased yield achieved in some of the semidwarf Australian
varieties has been documented in a previous Farrer Oration (Martin 1981).
Figure 5 illustrates how these varieties were rapidly adoped by farm;rs
in the eastern States. The reason why Wesfern Australia should be such

an exception remains unexplained. The most important of the semidwarf

intreductions was (LR64—NIOB)AnE3, numberaed WW15 (Syme ahd Pugsley 1975},
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from which a suite of varieties with grain gquality and disease resistance
suited to Austraiéin regquirements and a wide range of maturities have
been darived by various workers (Figure 6}. Many of thesg varieties are
currently grown widely and many are being used intensively as parents

for varieties of the future.

Barley . | : -  ' . ' .

A major improvement in Australian barley caﬁe with the selection
i tha vériety Prior at the turn of the century (Table 4), although the
geographic origin of this liﬁe is uncertain (Sparrow and Doolette 1975).
Its main ad&antage iay in earlier maturity, and it was so successful with
Eqrﬁcrs th;t_%?_?pwipated thgﬂAUst;g;;an chg.fof-many decades.

Good malting quality from English introductions was utilised‘
©o prcduce the variety Research and, later, the high successful variety
c1ippcr. Other significant attributes introduced in overseas germplasm
have been extra yield from Scandinavia and very early maturity, strong

straw and increased yield from North Africa. Resistance to powdery mildew

has been obtained recently from the Netherlands.

Sugar Cane

L

Collection expeditions to New Guinea late last century resulted
in o siznificant improvement in yield with the importation of Noble cahes
and szlaciion of the variety Badila (Table 5). Gumming disease became
Sarions at this time and resistance was found in varieties from West Indies

wd, tater, Inﬁonesia. Another serious problem, Fiji disease, has been
counered with introduced variepies from India and USA in the 1930s, and
il f;ﬁm UsA in the 19%0s. India has also been an important source
ebio material for'increased yield, high sugar content and resistance

ol lweei 2oald.



Sorghum
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A major improvement in Australian grain sorghums came from the
D ) reduced height of lines imported f£rom USA in.thé 1930s. Varieties such

~as Wheatland, Alpha and Kalo resulted (Table 6)."This_was followed by -

‘thé highér yiélding-hybrids based on'cytqplasmic genetic male sterility
introduced in'thé71950's.: Since then véluable disease'and peét'
resistance has been found in material from India;‘Ethidpia and ﬁatal and

better standability in lines from Nigeria and USA.

Cotton‘
The cotton story is relatively simple. The modern industry
S e —mn-R @ g—-Deen- based- on-the—-Deltapine-Smooth-beaf-variety,; introduced -from-USA

in the 1960s, followed by two later Deltapine introductions with increased

vield potential (Table 7).

Rice

The rice industry of New South Wales was based for many vyears
on the variety Caloro.introduced from USA (Table 8). In the 1950s material
with improved quality was introduced in medium and long grain types.
This was used both directly and as paréntal germplasm in the breeding
of local long grain varieties. More recently a semidwarf variety from
UsA, M7, has become important in NSW. 1In Opeensland the industry has -

been based on two varieties from USA, Blusbonnet, and, since the 1960s,

Starbonnet.
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Tobacco

Introductions from US& have also been the foundation of the
tobacco industry (Table 9). The Qariety Standard Hicks was grown for
many years beg;use of its quality aﬁd'general disease tolerance. More
recently, mateiia; with higher yield aqd'with resistance to black shank

and bactériél wilt has been important in improving this crop.

Sunflower

Sunflower introduced from Russia in the 1960s caused a revolution
in this industry (Table 10). Varieties produced from this material were

aot only superior agronomically because they were shorter and matured:

'“enrrierr“theyﬂaisofhadwgreatly-increasedmoil.content.

In the 1970s a second major change came with the production
of hybrids from a combination of male sterile lines introduced from France
apnd those with genes for fertility restoration from USA. The USA lines

also provided useful resistance to rust.

gganutg

The origin of the early varieties of peanut grown in Australia
is 6hscure, put they were of the Red Spanish type. A major shift occurred
in the 1920s when 4 high quality variety knogn as Virginia Bunch was
introduced, probably fﬁom USA {Table 11) and this still forﬁs the basis
or this inﬁustry. A minor infusion of lings with improved kernel size
disrribution occurred in the 1960s. A White Spanish line originating

©,am Israel has recently gained a small share of the market.
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Maize

Hybrid maize varieties‘were ﬁirst introduced to Australia from
VUSA in fhe 19465 (Table.12). Improved ﬁybfids followed, such as XL#é
‘in ﬁhe 19e60s, wi#h earlier maturity,,disease.rgsistance, shorte; stature:
énd¥h}gh§r yieid;: Mofe‘réceqtlyq Qa?iefiesfsuch as XLBl with bgttgri
tesiéﬁahqe £$ iQGéing ﬁéve beeﬁ Qidélyiérowﬁ. |

I; Qdeensiaﬁdlthe iocal breédiﬁé Qork has successfull; utilised
resistance to tropical rust and improved adaptation to the tropics obtained

from material originating in Mexico and Columbia. Without this work the

viability of maize production in North Queensland would have been in doubt. -

Soybeans

The early soybean industry was based on the variety Semstar
developed from the introduction of.Chinese germplasm from USA (Table 13).
Further material introduced im the 1950s provided a maturity type mére
suited to the tropics and more erect growth. A big change occurredlwith
the intreoduction of determinate flcowering from the USA in the 1960s.
Together with improved yield and resistance to disease this has led, directly

and through inter-crossing,to the current suite of varieties.

L

This brief review highlights only a few examples of the
contribution of imported germplasm to agricultural production in.this
country. However; from the value of the crops covered, which approximates
$4.5 billion annually, the importance of such germplasm to the Australian

farming community and to the national economy is readily apparent.



Looking to the future, there is evéry reason to believe that
Aﬁstraliaﬁ breeders will continue to exploit valuable material from
‘6veréea§:' As a single'éxémple,'wheat breeders in éueensland aré currently
7 faciﬁg'three hew_or gewly;recognised disease and pest problems. . -
_ Ro;ttigéionrnéma£qdex(Pr§tyi¢nchus.thornei) causes major yielq_;éss on
: gﬁé'53;1;55795w§§ ffﬁéﬁééénie£‘;i;:1933) and has forced hany ﬁré&ﬁcers
out éf‘inteﬁsiﬁe wheat-érdﬁing. Yellow spot (Pyrenophora tfitidi-repentis).
is a serious obstacle to the adoption of stubble retention for the control
of s0il erosion as the disease is carried on stubble and current varieties
‘are all susceptib;e (Rees and Platz 1983). Lastly, stripe ruét (Puccinia
strfiformis)'appeared in Queénsland crops for the first time in 1983.
.uw”".m"lts_rapidwspreadﬁthrnughout_ﬁasiern_Australiagandﬁits”noted capacity“fo;J
race mutation suggests it is potentially one of the most damaging diseases
to have been introduced to Australia in recent times. For each of these

problems useful genetic resistance is being found in imported germplasm.

Exports of Australian Genetic Material

S50 far only one side of the story has been presented, the value
of introduced material. If attention is now turned to exports of ggrmplasm.
some'interestiﬁg examples of ways in which Australia has contributed to
agricultural development in other countries are revealed.

Some of the best examples are in pasture species, where Austéélians
have often recognised the potential of a species, popularised its production
and then exported it successfully. Subterranean clover is a temperate
species which has been wide;y grown for many years in areas of USA following
introduction from Australia (Knight et al. 1982). AmoSg the sub-tropical

species a good example is the grass Brachiaria decumbens, a native of

Uganda, which is now widely grown in Brazil as a result of Australian

L T T T e e T T 1 e
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seed exports (Hopkinson, J. pers. comm.)}. Another is the legume Verano

style (Stylosanthes hamata) originally from Venezuela, which through

'@;AUStraliah efforts is now groﬁh in péfté”ofﬁThailand (Topark-Ngarm -1981)
i and southern  India. A case of lqcal;braeqiné_and dissemination is the

- 1éguﬁe=$iratro_(Macfopfiliuﬁ atrdpu:bdrehm)fwhich_is grown in Eastern

:In"the crop épgdies, both ﬁ:ivafg_éhdJState breeding piogramhes 

have had an impact in other countries. With maize, private companies

_have exported to Thailand and the Phillipines and hybrids from the State

.' 9;0g;amme‘in North‘Queénsland have been the foundation of the industries

developiﬁg in New Guinea and elsewhere in tﬁe‘Pacific. Sunflower hybrids

have been exported successfully to Burma, Pa

torThailaﬁd, Phillipines, Argentina.and Brazil._

Australian barley varieties have been important overseas both
direétly, as ﬁith tﬁe variety Clipper,-which has been grown in at least
4 other countries, and indirectly as a source of early maturity in the
European and Canadian breéding programmes. William Farrer's wheat varisties
such as Federation and Bunyip, and otherg from Australia, played a major
part in the developing wheat industry on the Pacific Coast of USA earlier
thjé.century {Suneson and Briggs 1941).9 Other varieties have been
important in the CIMMYT program, mainly through their contribution of
photoperiod insensitivity, but alsc as éources of high quality, white
grain. Lately, Australian de;ivatives of CIMMYT wheats have been

successfully grown in countries of the Middle LFast.

L=

kistan and Brazil and 59r9h99§,mH"
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Interdependence Among Breeding Centres

There is therefore a further way in which the interdependence

of plant improvement work in Australia and overseas can be described,

the “Symblotlc“ model of Flgure 7. This diagram represents a continuing

programe of breedlng and.selectlon in Australia, boosted occa51onally

.

community; Plant breeders u31ng thlS model are truly working w&th the
world for plant improvement, in a way which is beneficial to all parties.

We live in a highly competitive world which imposes its own

- pressures to restrict the interchange of germplasm. The recent expansion

of commercial interests in the field of biotechnology has resulted in

_intense interest in the patentlng of biocleogical organisms and 1n many

Certres it is inhibiting the free flow of material and information.
Legislation for Plant Variety Rights operates in many éountries to

restrict the exchange of material and information. Natioralism is a factor
inhibiting exchange in some countries and others would prefer to receive
rather than to give.

A further factor retarding exchange is the imposition of
quarantine’restrictions; These may be necessary to exclude unwanted
organisms, however it is importént to realise the negative effect which
excessive restrictions may have, and to develop efficient procedures for
allewing breeders to have adequate accéss to germplasm from the rest of
the world.

On the other hand, there are aliso forces oéeraﬁing to promote

etic exchange. One example is the creation of the International Centres,

such as CIMMYT, which have taken on a responsibility to disseminate
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nurserjies of selected breeding germplasm on & world-wide basis. The newly

A
fromed Australian Council for International Agricultural Research (ACIAR)
is concerned to promote co-operation and exchange between Australia and

- the developing countries of the Region. National and international

germplasm banks are now receiving more support as their vital role in

" ‘the collection, Storage'add'distriﬁuﬁion of  genetic material has become

more Qidely rééognised;_ Thé Austra;ian-Wheét Collecfion has, fér example,
played a key role in this area for wheat breeders in Australia in recent
years. Finally, the lower cost and greater ease of international travel
Prqmoted-gontact between peoplg qf different countries, and cénsequently

encourades plant genetic exchange.

Germplasm introduction has piayed and will continue to play
a vital role in the continuing improvement of agricultural plant species

in Australia. It follows from this that those activities which have been

mantioned as promoting genetic exchange should be supported. The enlightened

policies of employers and other organisations, such as the Farrer Trust,

which previde financial encouragement for students to study overseas should

be applauded. TFor plant introduction to be successful, not onl§ must
the right source be identified, the receiver must also be receptive and
able to recognise superior germplasm. Study touré and attendénce at
International Cbnferences aEE‘ways,of increasing the likalihood of this
fruitful "croSsing—over“. Personal contact is particularly important
in a field such as plant breeding where many advances are made without

written documentation. -
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”:cqnéeqdénce_ﬁhe-“Symbiotic“ model is the most appfopriate, a model in

Careful consideration must be given to the most appropriate
breeding model for each agricultural species. For some which are less

impbrtaht, and in which another country is able to supply Australia's

needs, the "Umbilical” model may be used. However, for most species of

- ‘which Australian agriculture can receive, develop and give'in return.

" Agriculture has a proud tradition of open exchange betweeﬁ those
concernad with plant improvement. This depends in part on continued public

support for Government-funded breeding, but under any system it eventually

éomes\dowp to the attitude of the individual scientist.

For inspiration in this regard one can return to William Farrer
and guote from his letter written in 1886 to Mr. W. Lowrie of Roseworthy
Agricultural College. Farrer had received small samples of seed from

Professor Blount of Colorado, USA, and he wrote "I have very little myself,

and what I have I have shared with vou" (Russell 1949),
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Table 1
. Use of Aﬁsffalién:natife:floré in the

' i@p;ovéme@tfoﬁ'égriqu}fufal plants.

Related Species or. Varieties
crop sub-specias developed

Tobacco e 21 0 L '~ Sirone
7 ; .Sirogo

CSIRO 40T
Soybean .  .m | . S e
~ Cotton ' o 11 . ' -
Rice 2 -

Sorghum 10 ’ -




Table 2

Triticale varieties in Australia

. Year

of release

Name

Genetic source '

1977

1979

1989

1981

1983

Gro~Quick

Dua
Satu

Tyalla
Coorong

Ninghadu
Venus

Towan

Currency

U.5.a. .

Mexico
Mexico

Mexico

Mexico

Mexico

Mexico

Mexico

Mexico

(CIMMYT)

(CIMMYT)

C(ciMMyT)

(CIMMYT)

(CIMMYT)

(CIMMYT)

(CIMMYT)

(CIMMYT)
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"Gerﬁplasm infusion. - Wheat
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¥ 'Introduced ‘ﬁ bedrceiﬁ

1'_At£ribute‘:lkf

Resulting variety

1880s

1890s

1910s

1930s -
1960s

1960s -~

Sth Africa

India”

e Canada_. . _._.

India

Kenya

Palestine

Mexico

(CIMMYT)

Early maturity

Early maturity‘

Baking.quality .. ... ..

Early maturity

Resistance to

stem rust

£

Semidwarf

features

Resistance to
stem, leaf and

stripe rusts

"

Gluyas Early

Nabawa

- Steinwedel

Federation

Florence-——. -

Ranee

Ghurka

Eureka
Gabo
Timgalen

Eagle

Condor
Egret

Songlen

Millewa etec.,..

S

Indicates

useful progeny arising from this variety.

PR o
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Tabie 4,

" Germplasm infusion - Barley., . -

Introduced . -

T

-Source .G

“1900s

1920s

1950s

1960s

.England

S U'scandinavia

Nth Africa

England . - Malting quality

England .

Earlier maturity
Straw strength

Yield

Netherlands Resistance to

powdery mildew

Malting quality .

Research

_ Clipper =~

:Bu35e113'=;”

Lara

Corvette

Schooner

Grimmett




Table 5.
. Germplasm infusion -~ Sugar cane
Introduced Source Attribute Resulting variety’
1830s = " New Guinea Yield | Badila - R
West Indies Resistance to D.1135

13305

1940s

1150s

", Indonesia -

India via

Sth Africa

India

U.5.A.

gumming disease

- Resistance to

gumming disease

Resistance to

Fiji disease

Yielﬁ, high sugar

High sugar, vigour,
resistance to

leaf scald.

Resistance to

Fiji disease.

P.0.J.2878

Co0.290 ——

C.P.29-116 ——

N.Co.310 ——

Ca.475 A

C.P.44-101  —m—




Table 6.

Germplasm infusion -~ Grain sorghum

GEITEVEILL L IR R R T T TR I

Introduced‘

Source :-Attribute;fH" Resu;ting“Variéty
1930s " U.S.A. . " Reduced. height*:  * = Wheatland3=Alpha’
¢ warf) Kalo®Early Kalo
Caprock, Martin
1950s.. : U.S.A,_;Z' Cytoplasmic. - Texaéiﬁio
SR " genetic male
sterility.
1960s India ' Resistance to: QL 1, Ot 21
sugar cane QL 22
mosiac virus
so;ghum
downy mildew
Nigeria Better standing QLG6, QL1Z2
U.S.A. Better standing, E37
yield
1970s Ethiopia Resistance to: SCL70, S5C120,

Natal head smut, downy
mildew, midge
)
U.S.A. Better standing,
yield
Better standing,
early maturity

QL23

Pride
Goldrush
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Table 7.

Germplasm infusion —_CottonQ;;

B Iﬁtfoducea'i[»'” Source Attribute - Resulting Variety

1960s U.5.A. Adaptation and Deltapine

quality. o - Smooth Leat

1970s . U.S.A. Yieid . Deltapine 16

TUTaeBesTT T USSR T T Uyiela ' Deltapine 61
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t! Germplasm infusion - Rice..

¥

1920s U.S.A. . - Adaptation Caloro- . -

Yield, medium. Calrose —

:igréih quality . {E'Bluebonnéﬁ S50 ——

Eong grain ~ Kulu, Inga Pelde

quality

S =L

1960s 7 U.S.A. . . 7 . Resistance to Starbonnet

' lodging (Nth Q1d)

1970s . U.S.A, o Semidwarf habit M7




Table 9.

Germplasm infusion -. Tobacco.
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Iﬂtfbdﬁée&fﬁ"”'f Source

Attribute.

I'Resuitihg‘Variéﬁ§ ;'

1940s U.S.A. Quality

Disease
tolerance

vield -

Resistance to:

Black shank

Bacterial wiilt

T 22100

R

Standard Hicks

" Hicks Q46 - ive

NC2326
NC95




T LT L G T I PRiews s EPCIS ol sttt R S

K Attribute -fRééﬁliinﬁ farietyff

L

éﬁnfola-GB"

Short
Earlier maturiﬁy‘

High oil content

- Male sterility . ‘Hysun 31
onleemioy:
{cytop asmlc)_ Sunking,
.,/ b.5.A.  Fertility _  Suncross 52

restoration” - - etc ...

Rust resistance -

M



Table 11.

- Germplasm infusion - Peanuts.

Attribute. - 'Resulting variety

Basic adapﬁétioﬁ"f "RédJébanigh.:.“"

1320s ' U.S.A.7 Superior quality Virginia Bunch

Better kérnel:f fF?;f‘Iﬁfﬁééd inde?f

size distribution _Virginia Bunch

1970s” 7 777 Istael T 7 High yield White Spanish

via India
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Table 12.

P . .. - R
)
.
- ~
e
B .
-

Germplasm infusion - Maize.

% Introduced ¥

Attribute . ..

Resulting variety

~Mexico
Columbia

U.S.A.

-and . e

Earlier maturity

Resistance to
various diseases

Shorter stature

‘vield -

Resistance to

troPigal‘;u§t

Tropical
adaption

Resistance to
lodging

D528, etc...

XL45, eteo...

QK lines,

ew L. NthoQld .

XL81l, etc...




Table 13. °

‘Gérmplasm_infusiqh 4;S¢yb§a§,ﬂ'; fﬁ

.'Intrqduced _ Sodrée_f";. - Aﬁtﬁibuﬁe;f;fiﬁ;;'fwgLﬁ?suiting—vaxiéﬁy

F

1930s China, Maturity suited to Semstar = e
the sub-tropics -

19505 - China,. . ...’ “Maturity suited ;
1930¢ s.a. 770 to the tropics

" U.S.ALC . -
Erect growth : Ross

1960s  U.S.A. Determinate  Davis - e -
floweriqg Bragg = '~y

Lee ——

Fitzroy ‘

C Yield
Resistance to:

Ph '
ytophthera Forrest
root rot
. Dodds
Bacterial ©

pustule disease Dickie

19705 Brazil Tropical Canapolis
adaptation
vield
2
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FIGURES
FIGURE 1. . The fH;vejoff“ model. fAfter a single introduction period
? .?id¢dlﬂ§&rfe£iés9are:devéldpedtih isolation from the world
FIGURE 2. " The "Umbilical® ‘model. Repeated introductions from the
world gene-pool are usedldirectly to provide new local
.va;igties
FIGURE 3. The “Booster® model. The development of varieties from

local intercrossing and selection is supplemented by the
occasional injection of an introduction with desirable

.attributes.

FIGURE 4. - Germplasm flow relating to Australian semidwarf wheats.
- The expléitation of the semidwarf habit has been Facilitated
by the free exchange of germplasm between Japan, Washington

State, Mexico, Australia and New Zealand.

&

Froyge 5. Semidwarf wheat varieties have been rapidly adopted by
farmers in most States of Australia.
FLUURE 6. Progeny of the semidward wheat WWLS developed in Australia.

Other parents used in developingffﬁesé varieties are shown

‘in lowar case.



FIGURE 7. © " The "Symbiotic" model. In addition to the processes of

Qﬁhe_“Bodste; model"” (Figure 3),’elité ge

rmplasm is
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