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In monetary terms, the value of tho hcro-od produetion in- tln
period 1974 to 1983 was estimated at $AS25 million (in 1983-84
dollers at a real intereat rate of 5 per cent), at an ennual aversge
of '9A52 million. On the basis of the pedigrees of Australien wheats,
sbout two—thirds of this valus can bc lttrtbutod to the lines fru
CINYT.

Australia has been t.orun( seni-dwarf -toriuvfru the wheat
breeding program at CIMMYT (end its procuroot m Rockefeller
Foundstion) in Mexico, since the early 1960s%" Although: few warieties ~
from CIMMYT bave been released directly in Australie, the lines. lnn A
"been used extensively in Australian wieat breeding programs. - v

CINNYT-based varieties derived from these introductions occupy

alnost one half of the total area sown to wheat in Australia. lrcl

trial results, CINMYT-based varieties were found to bave @ yield . -

edvantage of 7 per cent over other leading varieties, although there

- i® wide varistion between the different-States. Using an index of -
varietal improvement, CIMMYT-based varieties were estimated to have
incressed yields in Auwstralie by an average of 3.6 per cent by 1983,

- and ranging from 0.3 per cent in 'cltorn An-tulh to 7.2 por emt
h Ouo-l-ul
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PREFACE

This report wes prepared in conjunction with a major study being
carried out by Professor J.R. Anderson under the auspices of the -
Consultative Growp on International Agricultural .Research, - .
Washington D.C. on the b.ct of the. lntemtiml A(ricult\lnl
lunrch Centres. . ;

A mﬂor of colleagues in the Department of Agriculture New South .
Wales have contributed to this report. Cedric May, Rom Martin, Akram
Kbam, Gordon Murray, Barbara Ballantyne, Malcolm Glennie Holmes and
Helen Allen of the Agricultural Research Institute, Wagga Wagge, sll
msade comwents on drafts or assisted with valuable suggestions and
discusaion. In particular, Johm Fisher, Agricultural Reseerch
Institute, Wagge Yagge, nade detailed comments and suggestions, end
tolersted many interruptions in assisting me to understand the ./
issues involved. Albert Pugsley, formerly of Agricultural Ressarch -
Institute, Waggs Wagge, and University of Melbourne, mede a vnlud)le
contribution through discussions, suggestions and commonts. Col -  *
Wellings and Bod McIntosh of the National Rust Control Programme,-
Sydney University, provided valusble inforsstion. Michael Mackay,
Curator of the Australian Wheat Collection, Tamworth, provided -
valusble data on the wheat varieties in Auctralia, their pedigrees -
and their origine. Roger Fitzsimmons, Department of Agriculture New
South Weles, Syirey, assisted with dnta on the ares sown to wheat
varisties. Data for variety yields was obteained from reports of ihe
Intecstate Wheat Variety Trials. The comments of Jock Anderson,
Derek Bysrlee, Jim Syme, Jim Ryan, David Godden and Bodb Lindmer on
variouws drafts of this report were also valuable. Of course, none of
these bear responsibility for the interpretations or -:y
inaccurscies that remain. b
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1. IMTRODICTION
1.1 Semj-Dwerf? t

Varieties of dwerf wheats with very shorl stature were introduced
into the U.S.A. from Asia in the late 1940s. Most important among
these was Norin 10, a Japanese wheat with two dominant genes for
dwarfness (Rht] and Bht2). The history of this introduction is
outlined in Dalrymple (1980). Several crosses were made with these
wheats st Pullman in Washington State, U.S.A., with one cross, Norin
10/Brevor, being the foundstion of later semi-dwarf varieties
developed in the CIMMYT (Centro Internaciomal: de Mejoramiento de
Maiz y Trigo) program in Mexico. Virtually all current semi-dwarf
varieties of the Australian broodiu progr- are dtrind froa thu '
cross?.

lzlgL_LLm

The incorporation of the Rht genes from Norin 10/Brevor progeny into
commercial varieties has greatly modified the nature of Australisn
wheats. Earlier Australien wheats had carried the height-reducing
genes in the recessive state - rhtl end rht2. Although many
varieties were of reduced height, they had low levels of the plant
hormone gibberellin (and, therefore, were sensitive to epplications
of gibberellin). Plants carrying the dominent genes Rht) end Rht2 J
produce unusually high levels of endogenous ¢ibborollin (cad have e
mntivc response to gibberellin mlicnhm) - .

lvidoncc indicates a direct cffect of each Rht gene on yield per se,
which can be amssociated with the high levels of gibberellin (A.T.
Pugsley, personal communication). There are other sssociated
effects, such s reduced plant height (which is valusble in
controlling crop lodging), incrnnd ‘harvest index’ (the ratio of
grain to strew in the plant), and synchronous tillerxn( (Syme, 1983;
A.T. Pugsley, personal communication).

(1) For convenience, the lines with two Rht genes are called
‘dwarf’ wheats, and those with one l!ht gene are called,
‘sen’~dwarfs’.

(2) Australia has a prior connection with this material. Brevor
was developed from a cross between Brevon and Brevon’s
parents and Oro. Brevon had two of Farrer's wheats,
Federation and Florence, in its pedigree (Dalrymple, 1980),
and could be considered 50 per cent Australian from its
pedigree. Thus, Brevor could be considered 3/8 Australian,
and Norin 10/Brevor could be considered 3/16 Australian.

In addition, the Australian variety Gsbo wes amongst the
varieties used by Sorlaug early in the Mexican program, and
figured prominently in the pedigree of many lines from
Mexico (such as WW80).




1.3 -C - \ ] t § ustralj

In 1956, Dr A.T. Pugsiey introduced into Australia the dwarf wheat,
Norin 10/Brevor (selection 14). This line was unsuiteble for
commercial cultivation in Auetralis, but was used in a large mmber
of croeses, the first of wbieh were made in September, 1956
(Pugeley, 1974).

For some time prior to this, there had been a move towards shorter-
strawed wheats in Australia. Short-strawed wheats like Ghurke were
widely grown in Australia in the 1930s, and varieties such as
Insignia (1946) and Heron (1959) were considersbly shorter than meny
of their predecessors. However, the semi-dwarf wheats originating
from Norin crosses were 35-50 per cent shorter as a group than the
popular standard varieties (Pugsley, 1964).

Initially, emphasis in Australis was placed on exsmining the
usefulness of semi-dwarf lives under irrigation (Pugsley, 1964).
Further crossing end selection led to the naming and registration of
Australia’s first Norin 10 derivative, Wren, in 1968 (seven years
after the first semi-dwerf wheat was released in the U.5.A.).
Nowever, Wren failed to meet the milling quality standards required
in New South Weles and, despite its high yield potential, was- not
recommended for genersl cultivution (Pugsley, 1974).

The cultiver Kite, ro(iltond in 1973, wes produced with further
crossing from the original material by R.H. Martin. Kite is still a
popular wheat, especially in northern New South Wales, and has been -
used as a parent for several more recent varieties (such as hrrior
and Tekeri).

1.4 CIMMYT Materials in Australias. o

Since the initial introduction of semi-dwarfs, other sources of
seni-dwarf saterial (especially CIMMYT in Mexico and Chile, and more
recently from other overseas countries) have been used in Australian
wheat breeding programs.

In 1960, Pugsley introduced two lines from the Rockefeller
Foundntxon. Mexico 120 and Chile 1B. The former was a dwarf line
from the breeding program in Mexico, the precursor of CIMMYT, and’
the latter was a semi-dwarf line from the breeding program in Chile.
The evaluation of Mexico 120 revealed the dramatic yield potential
of the semi-dwarf varieties of spring habit (A.T. Puysley, personal
communication). Neither line was grown commercially, but both were
used in Australian breeding programs.

In 1963, Pugsley introduced into Australia several hundred spring
wheat lines from the Rockefeller Foundation breciing program
containing the semi-dwarf genes originally obtained from the
Washington State program. This was the same year that this materiasl
was first introduced into the U.S.A. (Dalrymple, 1980). Some of the
introductions were found to be well adapted to the dryleand
conditions of the Australian wheat belt.
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One of these accessions, named W15 by Dr J.R. Syme who selected it,
proved to be outstanding. It hed wide adsptebility, with higher:
yield under good conditions than all other verieties, and resistance
to most straine of stem rust then present in Australia. However,
W15 had red grain and was not scceptable to the Australian wheat
industry which bad a policy of producing only white wheats. The same
line was relessed in New Zealand as Keramu, in Cslifornia as Anza,
ond in the Sudan as Mexicani, but was rejected in Mexico because of
susceptibility to straine of rus! there (Syme and Pugsley, 1975).

In 1967, after its ocutstanding combination of characters wes
realised, Syme began developing white-grained derivatives of vms.
With so many excsllent qualities, it was considered an ideal |
recurrent perent in a program of ‘restricted bncl(-cronin(

(Pugsley, 1974). Among several parents used to donate white grain
colour in this back-crossing program were snother Mexican crossbred,
WWE0, and the Australian variety Ileron (Fisher and hrtin. 1974).

In subsequent selections, a number of nl\uble lines uer(ed. each
different from the others Imt all noted for good field
characteristics, high yield and excellent milling quality (Pugsley, :
1974). Single back-crosses of WW16 mede.by Syme, and selected for
white grain and Xq;roved quulxty. gave rise to the cultivars Condor
(hard), Egret (soft) and Ciley (hard) (Martin, 1982). The first
semi-dwarf cultivars released commercially in Australia (apart from .
the durua wheat Dursmba in 1970 - see below) wers Condor, Egret:aend
Kite in 1973 and Oxley in 1974. Of these, Condor, Bgret and Oxley -
were derived from CIMMYT material. These varieties outyielded all
previous Australien wheats, with the exception of Halberd in some

sreas and Gamenya in others (mainly Western Australia), and were S

rapidly accepted by farmers, especially those in the more fertile .

red-brown earth areas (Wrigley and hth.icn. 1981). Many other semi-
dwarf varieties have since been releued to Austr.lun growers.

WW15 has been used as a parent in a number m\-\bnquent wheat
varieties, and Condor has also been used extensively in Australian
wheat breeding programs. The progeny of WW15 are shown in Figure 1.

Between 1973 and 1984, 58 new varieties were released for commercial
cultivation in Australia. Of these, 45 (or 78 per cent) were based
on CIMMYT material, 7 (12 per cent) were semi—dwarf of other origin,
and 6 (10 per cent) were non-semi-dwarfs. A list of the semi-dwarf
varieties released for ccmmercial production in Austrslia is given
in Table 1, and their pedigrees are shown in Teble 2.

A total of 14 CIMYT lines have appeared in pedigrees of co-ercxal
Australian varieties (Table 2). Apart from WW15 (which appears in 20
pedigrees) and W80 (15 pedigrees), the CIMMYT lines most used in
Australian breeding programs have been Sonora 64, Siete Cerros (also
known as Kalyansona, 8156 or Mexico 22A), Cisno and Mexican Dwarf
Durum. Thousands of other lines from CIMMYT have since been tested
in Australia, including material from the International Bread Wheat
Murseries., Up to 1984, only three (Millewa, Hartog and Cranbrook)
were released for commercial cultivation without further crossing.




Figure 1: Progany of the Semi-Dwerf Wheat WW15 Developed in Australie.
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Source: Adapted from Syme (1983), with assistance from J. Fisher.
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Verjety

_Pedigree

(a) CIMMYT-Beped

Durambs
Condor
Bgret
Oxley
Jabiru
Songlen
Timson
Warisba
Shortis
Cook
Durati
Warigal
Avocet
Banks
Miling
Jeacup
Millewa
Bindawarra
Mybrid Titen

Aroona
Sunkota
Bodallin
Canna
Eradu
Flinders
Kamilaroi
Harteg
Suneca
Matong
Hyden
King
Bass
Torres
Onprey
Quarrion
Sunstar
Spear
Dagger
Bayonet
Cocamba
Wyuna
Meering
Skua
Corella

Sundor
Cranbrook

Mexican Dwarf Durum/3% Durul

WWB0/20W15

Heron/2vWW16

WWB0/20W15

Pinnacle/3/Pinnacle®2/Mexico lZO//Pimcle/N'nl
Lerma Rojo 64/Sonora 64A/2/Timgalen sidb.

Lerma Rojo 64/Sonora 64A/2/Tingalen sib.
Mengavi/Mexico 22A

., Sonora 64/P41603//3%Tingalen sib.
Timgalen/Condor aib.//Condor

Zenati louteillo/'.lh//llexxcln lnarf Durum

W15/Raven .

W119/ W15/ /Bgret

PWTH/Condor sib,.//2%Condor
Bencubbin/3/Charter//Sword/Kenya C8041/4/Mexico/5/Gamenya
Bencubbin/3/Charter//Sword/Renya C6041/4/Mesico/5/Cemanys
Sonora 64/Yaqui 50B//Geboto/Mexico B166

Mexico 120/Koda//Baven '

F1 hybrid between: Male sterile triticw’ tiloplnwi
derivative/3/Gabo backcross/Gamut//Somora G4A end
Fertility lentom/@nnu//lorin §3/3/Kite 8ib.
W15/Raven
Timson/IRNG7-451
Bokel/Siete Cerros
Gamenya/Siete corro-
Ciano/Gemenys .
PWTH/Condor ub //2‘Condor ,
Durati aib./Leeds

Vicam 71//Ciano ‘'S’ /70/3/lalymlma/llueb:rd
Ciano/2/Spica/Sonora 64A

Kelyansona/Olympic , O
Gamenya/Inia :
PWTH/2%Condor sib.

Flirders sib./2%Cook

3Ag3/3%Condor

Condors2/WW33B

Condor/TASPNB3P/ /WMW33G/3/Condor /MM33B
Condor/4/WN15/3/Steinwedel /WC356//La Prevision
Sabre/MEC3//Imignia <.
Sebre/MRC3//Insignia

Pitic sib./Glaive

AUS10894/4%Condor

DX3-134/01ympic

Condor selection

3Agl4/4xCondor

i

. Huelquen/4/Mayo/Norin 10/2/Yaktane

54/3/Kenya/Lincoyan/5/2¢ Bgret
3“14/4‘Condor
Wren//Ciano s} /Noroe-te 66/3/Zmmbezi




“V‘arihtin {Contjnued)

_Verjety _Pedigree

1P
(b) Noo~CIMMYT-Baged
Wren Norin 10/Brevor (Seln 14)//Jevelin 48‘2/3/Iurded
Derivative of Javelin 48 )
Kite Norin 10/Brevor (Selm 14)//4‘Inroh 2/3/‘!'-A/3t
. Falcon/4/7T-A/4%Felcon/5/T-A/5¢ Falcon
.. Timcurrin Gluclub/3/Chile 1B//Insignia/Falcon
" Lance Collafen/Raven
Harrier Norin 10/Brevor (Seln 14)/Kite ub //Kite
Gutha G.nn//cd)otallhmtoiu/ﬂhlcont!!/chile 1B ~
Takari’ lito/S/Irocor/lcntn//Ztlntim
Sunelg - Agl4/4Kite sib./

Note: PWTH = Thatcher/Agropyron trmloc.twa//‘tlloron :

‘l

§ource: Derived from Ferns et gJ. (1975. 1978) and Au-tnlim Wheut :

Collection ewsletter (various: ‘issues).
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Semi-dwarf durum wheats fros the Rockefeller Foundation program in
Mexico were introduced into Australia in 1961 (Pugsley, 18964). After
croum( with a local variety Dural, the semi-dwerf variety Durasba
was released in 1970. This was the first commercial release of a
semi-dwarf-based variety ia Australie, although the very small size
of the Australian durum industry mede its impact of minor importance
on a pational scale. However, Abbott (1972) attributed a large
increase in durum wheat production in 1971-72 to the new variety.
Mexican Dwerf Durum was also used to produce another durum variety
Durati, and in turn Durati wes wed to produce Kemilaroi. Durum

wheat remaina a very small part of Australia’s totll uhut
Aproduction.

There were two -in reuon- that Au-tnlinn breeders -de such
extensive use of the CIMMYT semi-dwarf material in' preference to
material from the U.S.A. and other sources (J. Fisher, personal
‘communication). First, CIMMYT rocotnind at an early stage the
benefits of semi—dwarfs and the emphasis on adaptability and
‘earliness resulted in many CIMMYT lines perforaing’ well in
Australis. Second, the CIMMYT international’ nunerin made it my
for breeders to obtain this utorinl. ' ,

{4

1.5 Ain of This Study

The aim of this study was to exmmine the udoption of the CM'I‘
based varieties and other semi-dwarfs in Australia and to detouine '
the impact that these varieties have had on the Australisn wheat
industry. In particuler the aim was to quantify the impact of these
verieties on the value of wheat production in Australia. Sufficient -
data sre available to examine the impact of CIMMYT material on
Australian wheat production up to 1983.

lﬁgta_t_l_x.ns_ot’_t.hgét_'m

In Section 2, the ndoptlon of CIMYT-based: and other semi-dwarf
varieties in Australia is exemined. In:Section 3, the advantages of
these wheats in terms of yield, quality and dileue reactions are
discussed, and in Section 4 an examination is made of changes in
other inputs. An analysis of the impact of CIMMYT-based varieties in
Australia is carried out in Section 5, and un attempt is made to
partition the contribution made to these varieties in Section 6.




. ADOPTION OF CIMMYT-BASED AND smx-mmg vmsnas ;ﬂ AUS‘I'RALIA
2.1 Delay in Adogtxon '

In comparison with other countries, the initial release and adoption
of semi—dwarf wheats was delayed in Australia, partly.by the o
industry’s requirements that the wheats be white and of good milling
quality, and partly because some local varieties were aslready
relatively short and high-yielding (Syme and Pugsley, 1975). Not
until 1974 did limited seed lupplieo of semi-dwarf varieties become
available to commercial growers in Australia. In 1975. Condor, =
"Bgret, Oxley and Kite became significant varieties in: the mtem
lnd southern Australian wheat-growing areas.

~ In the period 1963-1981, no original CIMMYT line- were released ;|
“directly for commercial production in Australia. The variety
Millewa, registered in 1979, was the first direct selection from .
.CIMMYT lines to be released for commercial production.::All other
introductions had to be crossed (or back-crossed).with other wheltl :
(often other CIMMYT lines) before commercial varieties.were = = =
"produced. This need to undertake further crossing with the cmm
material delayed the release of this material to Austrslian farmers.
The release of Hartog in 1982 was the first instance of a line from:
the CIMMYT program being directly released for commercial
cultivation in Australia without further selection. Cranbrook
(released 1984) is the second CI!NYT line to. be-so nlcued.

This general need for further cronin( nakes . thu -tudy e little
embiguous in that other improvements were often nde at the .same
time. In this study, all varieties with CIMMYT lines in their
parentage are considered as CIMYT-based varieties (CBVs), even if
the CIMMYT input was small. The relative contributions of CIMMYT and
other breeding prograns to these varieties is quantified in| LSect.ion
6. N

2.2 Total Semi-Dwarf Area

The adoption of semi-dwarf wheats in Australia is shown in Table 3.
From the time of release in 1373, the adoption of the semi-dwarf
varieties was rapid. By 1976, over 1.5 million hectares were sown to
semi-dwarfs, over 1.2 million hectares of which were CBVs. By 1983
the area of semi—dwarfs had reached over 6.8 million hectares, or 53
per cent of total Australian wheat area. Of these semi-dwarf wheats,
5.8 million hectares (45 per cent of total wheat area) were CBVs,

2.3 Adoption by Variety

The adoption of individual semi-dwarf varieties is shown in Table 4.
The initial rapid adoption of Condor and Oxley is evident, as is the
later rapid adoption of Egret (which was initially released as an
irrigated wheat, but subsequently recommended for dryland as well as
for irrigation). Songlen, the first premium—quality semi-dwarf
wheat, was adopted rapidly after its release in 1975. lLater releases
have been adopted more slowly, with the notable exception of Banks.




Table 3: Ares Son to Semi-Dwarf and Standard Wheats, Australia

Season i-Dwarfs Other(a) Total
CIMMYT-based __Other ~ __Total  Varieties  Wheat Ares
000ba X O000ha X O000ha %X 000 he 000 ha

1974-756 9]
1975-76 481
1976-77 1,287
1977-78 2,539
1978-719 3,122
1979-80 - 4,237
1980-81 4,607
198]-82 5,096
1982-83 ° 5,069
l”3-84(p) 5,892

28 119

584 -
1,565
2,928
3,621
4,752
5,231
5,812
5,767

8,288 8,407
8,050 8,634
7,489 9,054
6,442 9,370
6,800 10,321
6,497 11,249
6,205 11,436
6,183 11,995
5,99 11,766
6,133 13,017

389
393

624
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a: Includes un-pociﬂod varieties.
p: Preliminary :

Source: Australian Bureau of Statistics to 1978-79. Later fx(uru
estimated from date provided by the Australian Bureau of Statistics for
New South Wales, Grain Elevators Board of Victoria, State Wheat Board
(Queensland), South Australian Co—Operative Bulk Handling and Western
Australian Co-Operative Bulk Handling.




B ralia

vi -
(000 hectares)

Veriety 1974 1975 1976 1977 1978 1979 1990 1961 1962 . 1963

Condor 84 371 930 1335 1276 1296 1258 1189 926
Egret .27 63 17T 573 7186 1348 1523 1191 485
Oxley 2 41 158 2 281 276 295 287 348
Jabiru 3 8 6 6 2 1

Songlen 13 38 605 600 523 668

Timson - 19 81 ] 43 28

Warimba 2 10 87 88

Shortim - 38 196 157

Cook 2 £ 513 1737

Warigel - 82 103

Avocet - : -7 62

Banks §9 257

Miling 1T 96

Jacup ‘ T
Millewa : .14 7194
Bindawarra : ' : 1 13
Hybrid Titen o ' -
Aroona

Sunkota

Bodellin

Canna

Eradu

Flinders

Hartog

Durums

TOTAL CIMMYT
BASED 91

Kite 28
Tincurrin

Lance

Harrier

TOTAL OTHER

TOTAL SEMI-
DWARF 119 584 1565

- not recorded separately

Source: Australian Bureau of Statistics to 1978-79. Later figures
estimated from data provided by the Australian Bureau of Statistics
for New South Wales, Grain Elevators Board of Victoria, State Wheat
Board (Queensland), South Australian Co~Operative Bulk Handling and
Western Australian Co-Operative Bulk Handling.




2.4 Adoption e .

The adoption of semi-dwarfs by Stete and varicty is shown in Tublens
5 to 9 and illustrated in Figure 2. Semi-dwarfs have been most
rapidly sdopted in New South Wales and Queensland (Tables & and 7)
where, by 1963, ebout 75 per cent of the wheal urea was sown to CBVs
and over 8% per cent to all semi-dwarfs. Adoplion was siower in
Victoria and South Australia (Tables 6 and 8), due largely to the
apparent superiority of Olympic and Halberd in many regions of these
States. Nevertheless, by 1963, semi-dwarfs occupied 65 per cent of
the wheatl ares in Victoria (virtually all CBVs) and 52 per cent in
South Australia (mostly CBVs).

While semi-dwarfs made a large and rapid impuct in eastern and
southern Australis, their contribution in Western Australia has been
smull, reaching only 14 per cent of total wheat ares by 1983 (Tuble
9). Of this, only 9 per cent were CBVs. Syme (1983) could find no
precisc explanation why Western Australia’'s was such an exception,
although presumably it is related to the combination of soils and
climate in the Western Australian wheat belt, and possibly to the
breeding strategies of Western Australien breeders. Byerlee (1983)
pointed out that a lurge part of the vuriation in adoption of semi-
dwarfs followed rainfall patterns. The use of semi-dwarfs was
favoured in arcas with a higher rainfall and/or longer growing
season. Byerlee noted that Western Australia is a drier Stute, where
even in the better rainfull areas the growing season is shorter than
in the eastern States. In all States except Victoria, significant
areus were sown to semi-dwarfs of non-CIMMYT ongmn. notably Kite

2.5 Adoption by Whest Type

Ausiralian wheats are predominantly spring wheats and all wsre white-
grained. Of the 38 hard wheats released in Australia between 1973

and 1984, 36 (or 95 per cent) were scmi-—-dwarfs. Of the 15 soft wheat
released over the same period, 11 (or 73 per cent) were semi-dwarfs.
The 3 wheats classified as winter wheats over this period were
CIMMYT-based semi-dwarfs, as were the two durum wheats (M. Mackay,
Austrulian Wheat Collection, personal comsmunication).

2.6 Adoption by Wheat Class and Grade

There are no direct data which allow a clear picture to be given of
the adoption of CBVs by wheat class and grade. Although separaste
data are not collected for individual durum wheats, Duramsba and
Durati became the dominant varieties for the Australian Durums class
shorily after their release in 1970 and 1977, respectively. More
recently, Kamilaroi has become the dominant variety.

For the premium wheat types, Australian Prime Hard and Australian
Hard, Songlen (released in 1975) was rapidly adopted. Whilst most
Prime Hard and Hard wheat varieties are semi-dwarfs, u large
proportion are Kite or Kite derivatives, and these are based on the
original U.S.A. muterial.




Figure 2: Percent of Totl Whest Ares Sown 30 Semi-Dwarf Varieties.
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(Percentage of area sown to wheat)
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Dwarf
Kite 1.0
Rarrier

Total .4 .3

TOTAL SEMI-
DWARF 4.3 17.3 33.7 55.7 66.7 76.2 81.2 83.6 85.2 85.5

- Not recorded separately
.. Less than 0.05 per cent

Source: Australian Bureau of Statistics, and Grain Handling Authority of
New South Wales.




H ~Dwar orj
(Percentage of area sown to whest) -

1974 1976 1976 1977 1976 1979 1990 196] 1962 1983
Varjety

CIMNMYT-based
Condor
Egret
Oxley
Avocet
Banks
Millewa
‘Bindearra
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B8
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e o -
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L]
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Total CIMMYT 1.4 14.6 31.2 34.9 43.3 56.0 62.1 64.9 64.9

Qtber Semi-
Kite - - - - - o.‘ 003 001 o.l v: e

Total Other - - - - - 040.3 01 01°

DMARF 1.4 14.6 31.2 34.9 43.3 56.4 62.4 65.0-65.0

= Not recorded separately
«+ less than 0.05 per cent

Soyrce: Australian Bureau of Statistics and Grain Elevators Board of
Victoria. : '




Teble 7; Adoption of Semi-Pwarf Whests, Queensland
(Percentage of area sown to wheat)

lg4 1915 1976 1977 1978 1979 1960 1981 /1962 1983

Variety

Oxley 0.4 7.0 25.4 33.1
sm‘lm - ’ - JV 3.3
Timson - - -
Shortim v

Cook : 0.4
Banks : s

Flinders

Hartog

Totel CIMMYT 0.4 7.0 25.4

.
e
Qe

‘e wve

N W
OMANGT
@O e

R
®
4

0.4 2.9

- 0.4 2.9 8.1 85 12.4 14.2 12.6 3115

0.4 7.4 28.3 4.9 55.2 76.6 83.9 88.4 §9.8 #9.6

- Not recorded separately
«. Less than 0.05 per cent

(Queensland).




Teble 8 M of §a1-pw!rf Uhentl.__SontlL ,Alu_t_[gl_\_u
(Percentage of area sown to wheat )

‘MML&GMMIQ@ML&!M&ME

riet
CIMMYT-besed
Condor
Bgret
Oxley
Jebiru
Warimba
Cook
Warigel
Avocet
Millewa

Bindawarra
Arooba

-
D
ox®® -

wwn. WA .

o

- IO K
s 20O ‘oN®
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POrEITP0F

Total CIMMYT - 18.9 28.1\}334.% 36.7a

Other i | il

Dearf 9 :
Kite 11.3a 12.1n 12.0a
Lance 0.2 2.3a 3.2a

Totsl Qther . 11.0 11.5a 14.4a 15.2a 12.5a 11.8a

TOTAL SEMI- e e
DWARF 0.1 4.2 20.3 25.6 29.9 39.6a 48.84 51.Ba 56.5a4 51.5a

a Percentage of deliveries to South Auitrahan Co-Operative Bulk
Handling Limited, rather than of area sown.
- Nol recorded separately
. Less than 0.05 per cent

Source: Australian Bureau of Statistics and South Australian Co-
Operatwe Bulk Handling Limited.




te He-t
(Percentage of area sown to wheat)

1974 }975 1976 1917 1978 1979 1980 1981

OOOO?-Oﬂﬂ
A WIND

Total CIMMYT

Other Semi-
Dwarf
Kite

Tincurrin
Lance

Total Other

TOTAL_SEMI-
DWARF : 8.1 10.0 12.1 14.3 13.6

- Not recorded separately
. Less than 0.05 per cent

Source: Australisn Bureau of Statistics, Cor-Opentwe Bulk Handling of
Western Australia.




Australien Soft is predominantly semi-dwarf. The most important soft
wheats in the period since 1974 have been the CBVs, Egret and
Avocet, and the non-CIMMYT semi-dwarf, Tincurrin.

For Australian Standard White (ASW), the predominant class of
Australian whest, the picture is mixed. In eastern and southern
Australia, edoption of semi-dwarfs was rapid, and a large majority
of ASW wheat from these areas is from CBVs. Only the lack of
suitable competitor for the early-sown variety Olympic, and the
superiority in some districts of the South Australian-bred Nalberd, .
prevented ASW wheat from being slmost :totally from semi-dwerfs in -
these States. Nowever, VWestern Australia, the largest producer of
ASW wheat, has defied the trend and, in many aress, semi-dwarfs are
generally inferior to varieties such as Gasenya. On a national :
basis, therefore, ASW wheat would have the lowest proportion of CIVs
becasuse of the very low .doption in Western Auﬂnlil. '

2.7 m&mQ_o_m.m A

There are no dats available at & mtionnl level on wbo-t production
by variety. The only data relate to area sown or to deliveries to
" the Australiam Wheat Board. To the extent that semi-dwarfs are

higher yielding than other varieties, it would be expected that :
their contribution to production would be grester than tbeir o
contribution to area planted’ (D.lrmlo. 11980) . -

Data on dehvoriu to the Au-tr-lun Wheat Board by v-riety may not o
accurately reflect the mix of wheats in production, since some 5-10
per cent of production is normelly retained on farms for feed and

Also, there may be mis-statement of varieties on delivery,
e-peci.lly since some dockages end premiums are determined on a-
varietal bui-. :

As a result, no specific estimates of the contribution of CBVs and
seai-dwarf whutl to Australian production ere attempted here.
However, the analysis of the economic iwpact of these wheata
(Section 5) is carried out on the b-il of the gross value of
production.

W



3. ADV s - VARIETIES

3.1 Yields of CIMNT-Desed Varjetjes (CBVs)

Syme and Pugsley (1975) indicated that the yield sdvantage of W15
over the best commercial varieties then available in Queensland was
of the order of 10-30 per cent. They suggested that, since the grain
size of W15 was not large, the high yield potential came from its
ability to set larger numbers of grains per unit area. Syme (1969,
1970) found that under Australian conditions the yield sdvantage of
W15 and other semi-dwarfs resulted from incressed efficiency of
grain production relative to vegetative growth rather than
resistance to lodging or day-length insensitivity. The reduced .,
lodging (through reduced plant height) was less importent. since’
lodging is not & widespreed probles in Australia.

It is necessary to eastimate the iwpact of semi-dwerf . \unetu- with
some caution. Although virtually all semi-dwarfs relessed
commercially in Australia have involved selection from, or further
crossing with, CIMYT material, other facets of progress in breeding
have been incorporated at the same time. Thus, ideally, the study
should meke & comparison between the progress (in yield and quality)
which has sctually occurred in the presence of CIMMYT materisl, and
that which would bave occurred without the CIMMYT material.

'l‘be nature of the impact of new v.netxu is iwc"t-n’ to the forms
of analysis to be used. The variety can lead to a permanent shift to
8 higher yield potential trend lime, with the same slope, or the
gein can be a ‘one-off’ increase that is eroded over time (Figure
3). Breeders appear to have made regular, though varisble, progress
with yields throughout the past 80-100 years (0’Brien, 1982; Reeves,
Perry and Johnston, 1984). Thus the yield advance as a result of the
use of CIMYT lines should be discounted for the progress that could
have been expected in the absence of this material. The question is
whether the CIMMYT material allowed merely a once-and-for—all jump
in yields that will be eroded over time, or whether it allowed a
quantum leap from which progress can be expected to continue. While
the latter would be wost likely, it appears that in the decade since
the release of Condor, Egret and Oxley, only slow progress has been
made with yields, although there has been improved disease
resistance. There may be a case for discounting some of the yield
progress over time because of the erosion of that advantage. The
theory of cycles in research productivity (Evenson and Kislev, 1975)
would, if correct, have considerable bearing on the likely rate of
progress with and without the new material from the CIMMYT program.

Nevertheless, the analysis used here is based on the proposition
that the semi—dwarf varieties have led to a permanent upward shift
in yield potential (that is, A rather than B in Figure 3). Given
that this is the case, the important question is the size of that
upward shift. :

Relative yields will vary with different environmental conditions.
An ideal study of this kind would be disaggregated into relatively




N
2=
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small geographical areas, to allow for differences within States,
However, for simplicity, this study disaggregates only on a State
basis, and the results are qQualified to this extent.

As there are no reliable data on yields of individual varieties at
the farm level, the.only method of estimating the relative yields of
CBVs is to use trial results. Many yield trials have been conducted
in which semi~dwarfs have been compared with atandard varieties. For
example, Martin (198]1) demonstrated the yield advantage of senmi-
dwarf wheats in central and southern New South Wales (see Figure 4).
From these data, an approximate yield sdvantage of 10 per cent could
be deduced for the CBVs over the leading non-CIMMYT varieties, Kite
and Hialberd. In a series of trials at Wagga Wagga (G. Murray,
personal communication), the semi~dwarfs were shown to have clear
yield advantages over standard cultivars. However, the sdvantage of
CBVs over Kite was less evident, since the yield of Kite was found
to be not significantly below Condor and Egret in these trials. An
eatimate of the yield advantages of CBVs in Victoria ca' be obtained
from 0’Brien (1982), vhere a yield advantage of approxisately 10 per
cent was agai= cvident. Reeves, Perry and Johnston (1984) have
provided some information on yields in Western Australia, where
varieties with CIMMYT backgrounds (Egret, Warisba and Miling)
appeared to have no overall yield advantage. Only with the release
of \Bodallin in 1982 did CIMMYT-derived material produce a generally
hmher—yxeldmx variety, and even then it was still below the yield
level of the non-CIMMYT semi-dwarf Tincurrin. No similar data have
been)}located for other parts of the Australian wheat belt.

The use of these results for each State requires the compilation of
results from trisls in all parts of the wheat belt over 8 number of
years. The greatest difficulty with this approach is that the
varieties included in the trisls vary from site to site, as well as
from year to year. Although a procedure such as modified joint ,
regreasion (Digby, 1979) could be useful, the results would still be
subject to variation due to the differences in the varieties grom
in the trials in each State or region.

One set of trials which overcomes some of these difficulties is the
Interstate Wheat Variety Trials. Groups of approximately 20 advanced
lines are grown, with several check verieties, in each of the
mainland States in two successive years; the first generally at one
site in each State, and the second at several sites in each State.
Thus, in each year two sets of trials are conducted: a new group of
lines (‘year 1’ of the trials), and further, more extensive, trials
with the previous year's group (‘year 2'). As well as the
consistency of the cultivars included at each site, the Interstate
Wheat Variety Trials have the advantage that the results are readily
available. B

of
However, there are a number of difficulties associated with using
these results to draw inferences about the contribution of new
varieties to improved yields on farms. Trial yields are measured at
limited locations and, because they are drawn from a small
geographical area, the results may not be widely applicable. Also,
where they are aggregated over a wide range of environsents they may
understate the gains; for exemple, one variety may have a yield
_advantage of up to 10 per cent in northern N.S.W. but be inferior to
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pany varieties in southern N.5.W.; another may be similarly superior

i “in the south and inferior in the north. I1f these varieties are

R tnclnded in trials over all of N.S.W., the net result may be a yield
gein of less than 5 per cent for each, whereas the true impact may
be that each in its optimum region has & yield advantage of 10 per
cent. Thus averaging across sites leads to a likely underestimate of
the yield superiority of the new varieties. The data from O’Brien
(1982) and Reeves, Perry and Johnston (1984) also -uffer in this
way.

In addition, these yields are based, necessarily, on experiments.
Davidson and Martin (1965) have shown that yields on faras do not
equal yields in experiments. The present anslysis implies that a

given percentage increase in experisental yields is reflected by the
sme percentage increase in farm yields. :

The yield comparison required between CBVs and other varieties'is
not between the CBVs released since the mid-1970s and the earlier
non—CIMMYT wheats, but between CBVs and what would have been the
yields if CBVs had not been available. Interstate Wheat Variety .
Trials allow & comparison to be made between the yields of the most
advanced lines of CBVs, other semi-dwarf and stendard lines. Thus
the overall yield advantage of CBVs can be estimated for each State.
It is sssumed that the yield advantage revealed in these trials is
the same inherent sdvantage which CIMMYT-based material released to
growers could expect to have over the non-CIMYT material which
would have been released if the CIMYT-based material had not been
evailable. This involves the assumption that, had the CIMMYT
material not been available, and thus resources devoted to breeding
CIMMYT material released.for use in breeding standard lines, there
would have been no increuod rate of xnprovelent in the standard
lines.

The results are, of course, also dependent on the lines chosen for
the trials and the check varieties which are included. It is assumed
that the varieties chosen as checks represent the standard in each
State, and that the lines being compared are representative of the
new wheats in the process of being released.

The procedure for estimating the yield advantage for CBVs is
detailed in Appendix A. The pedigree of each line was examined and,
from its parentege, it was classified as ‘CIMMYT-based’, ‘other
semi—dwarf’' or ‘standard’ variety. Where the origin was unknown or
unclear, the line was omitted. The mean yields for each group were
then calculated for each site. This was repeated for the years 1975
to 1982. The overall average of each group was estimated for each
State. In total, data covered 176 site-years, with an average of 25
lines at each site and an average of 4 sites per State per year.

An alternative approach would have been to compare the best

varieties of each group, rather than the average of the groups. This

was not used because the aim was to identify the benefits of the \}\‘ .
- CIMMYT-based and semi-dwarf varieties as a group rather the possible

advantages of one particular variety, since farmers in any State

grow a mix of varieties and do not rely on only one variety.




The overall yield sdvantages were calculated as a weighted average
of these annual figures (Table 10). The sdvantsge of CIMMYT-based
varieties over non-CIMMYT ones was 7.1 per cent?. There was wide
varisbility between States: the advantage of CBVs was 9.0 per cent
for New South Wales, 9.2 per cent for Queensland, 8.1 per cent for
Victoria, 6.1 per cent for South Australia and 2.7 per cent for
Western Australia. The ranking of these mean yield increases by -
State is generally in line with the rate of edoption of CBVs in each

. State.

As mntioned:sarlier, this study is somevhat ssbiguous, as there
were other sources of semi—dwarf genes besides those obtained from
CIMMT material, and the need for crossing with better-adepted lines
moant that other characteristics were also incorporated at the same
time. In order to exmine the ispact of semi-dwarfs as a group, the
analysis was repeated comparing all semi-dwarfs (that is CBVs and
other semi-dwarfs) with standard varieties. The weighted average of

- CIMMYT-based and other semi-dwarf lines was compared with the yield
of standard varieties from the Interstate Wheat Variety Trials. The
results are shown in Teble 10. The overall yield sdvantage of semi-
dwarfs was 8.6 per cent. In all States the yield advantages are
higher than for CIMMYT-based lines alone: 12.9 per cent for
Queensland, 10.2 per cent for Victoria, 9.4 per cent for New South }
w.xu.la.o per cent for South Australia and 5.5 per ccnt for mtcm.
Australia.

3.2 Area _Changes Dye to CBVs

It is possible that the wide adaptability of the lﬁi-dprf-. o
especially the WW15 derivatives, has been a contributing fector in -

the rapid increase in the area sown to wheat in Australia in recent
years. There is no direct evidence on this question, although it is
likely that any gemeral yield increase would have made wheat s
relstively more profitable enterprise for farmsers, compared to
alternative enterprises. However, while the wheat area has incressed.
in ell States, the greatest increases since the early 1970s have
taken place in Western Australia, where semi-dwarfs have had a
mivimal effect. Thus, it is unlikely that any major contribution to
the changes in area, over and sbove the yield increases, can be
identified and quantified in a study such as this.

3.3 Quality of CBVs

Because of the insistence of the Australian wheat industry on white
wheats, the major defect of W15 for comercial use was its red
grain colour. However, Syme and Pugsley (1975) indicated that it was
aleo of poor quality for both bread and biscuit production. For
bread, the protein level was low and loaf texture was uneven, and
being a hard wheat W15 was unsuitable for biscuits. However, it had
a very high milling yield and test weight.

3. In year 1 (or series A) of the trials, a CBV was the overall
leading variety in each year of trials from 1975 to 1882. In
year 2 (or series B), the overall leadxng variety was a CBV in
all years except 1977 and 1979, when an ‘other semi-dwarf' line
was highest-yielding.
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i s(a)

1975 to 1987

—torcontage yield sdvantege of:

CIMMYT-based lines over Semi-dwarf lines(b)

-pon-CIMMYT-baned lines  over non-semi-dwerfs :
X x :

New South Wales 9.0 9.4
Victoria 8.1 10.2
Queensland . 9.2 12.9
South Australie 6.1 ' 8.0
Western Australie 2.7 , _ | 5.5.

AUSTRALIA 7.1 8.6

a: Results from Interstate Wheat Variety Trials, series A end B, fros
‘1975 to 1962. Results shown are weighted averages of A and B series
results, weighted by the nmmber of entries.

b: Includes CIMNYT-bDased lines. -

Source: Calculated from anslysis described in tﬁct.




Marshall, Bllison end Mares (1964) indicated that & major reason for
the improvement in milling quality in Australian wheats in recent years -
can be traced to W15, which geve a high flour yield when milled. WW15
peassed this characteristic on to derivatives such as Cook, Condor and
Banks. Marshsll, Ellison and Meres attributed such of this improvement .
io milling yield to improvement in the ease of separation in milling '
rather than sny increase in the proportion of endospers in the grain.
Syme, Law and Reea (1960, p.42) had previously noted the out-nndxu
milling quality of Cook:

“The combination of high flour yield with low flour colour

suggests that it has better milling quality than all other

Australian varieties.”

With respect to dough quality, some of the progeny of W15 have been
the subject of some controversy. While varieties such as Cook have some
outstanding dough properties, other CBVs have had only marginal dough
properties for Australian Standard White. Higher yields were often
associated with lower levels of protein on the iofertile Australian
soile, and the dough was then found to be of inadequate quality for
many end-uses at low protein levels. Curtis (1962, p. 16) stated that
‘sany researchers have reported an spparent link between dwarfing (enes
and a reduction in protein content’.

Of the original Australian CBVs, Condor was moat acceptable as a
modecately hard wheat with high milling extraction, excellent baking
quality and good protein content (Syse and Pugsley, 1975). On the other
hand, the quality of the soft milling wheat Egret caused considerable
concern for bakers as dough made from this variety lacks moutbility
(Wrigley and Rathjen, 1981). Bgret was initially released as a soft
biscuit-wheat for the relatively small irrigated arces of southern New
South Wales. It was later recommended for dryland cultivation following
evidence of its yield potential and in order to maintain a balance of
wheat types in the ASW class in southern N.5.W. Following this change
in recommendation, Egret has since been regarded as of inferior quality
for ASW, and the Australian Wheat Board has applied a dockage to it
since 1982 (that is, growers delivering Egret have received a price
lower than ASW). Oxley was accepted as Prime Hard in Queensland, but
was initially considered to be too hard at lower protein levels for
ASW, causing difficulties for some end-uses. However, as the markets
have changed and the overall hardness of ASW has increased in recent
years, Oxley is now considered an acceptable ASW-type for Victoria and
southern New South Wales.

Another WW15 derivative was the line with winter habit, W33G,
developed by Dr Pugsley. It was rejected for commercial release on the
grounds of inferior dough qualities (it has since been released in
California as Phoenix). After a delay of about eight years, suitable

- quality wheats with winter habit became available to growers in
Australia, with the release of Quarrion, Osprey and King, in 1983,

Thus, the overall impact of CBVs on the quality of Australian wheat has
been mixed. While many lines have led to quality improvements, others
have caused difficulties because their dough properties were judged to
be unsuitable for the ASW category.




3.4 Iwact of ChVs on Diseese Besistance
3.4.1 ftem rupt and leaf rust

Because of the importance of the wheat diseases stem rust (Puccinja
gremipiy) and leaf rust (Puccinis recopdite) in Australis, all present
Australian varieties have been selected in the presence of these
diseases. All emstern Stete verieties need some resistance to these
diseases. However, many varieties grown in southern and Western
Australis do not have a high level of resistance to tlLese diseases,
While the breeding of stem rust resistant cultivars is not technicelly"
difficult, the problem is made complex by the constant changes and
mutations that take place in the rust pathogena. Many cultivars
originally resistant to known straine of the dissase have since become
susceptible to newer strains.

Much of the semi~dwarf materisl introduced from the CIMYT program has
resistance to Australian reces of stems and leaf rust. For example, W15
had resistance to most Austrelian races of stems rust, and had mixed
reaction to leaf rust (Syme and Pugsley, 1975). It eppears that the
CIMMYT material has contributed s broeder background of durable
resistance genes to Auwstralian varieties (R.A. Mcilntosh, personal
communication).

3.4.2 Stripe rust

Since stripe (or yellow) rust of wheat (Puccinja striiforpis) was first
recorded in Australia only in 1979, current commercial Australian
varieties have been selected in the sbsence of this disease. The
introduction from CIMMYT of semi-dwarf material which had been

selected for stripe rust resistance led to the fortuitous incorporation
of atripe ruat resistance in many verieties (C. Wellings, personal
communication). This bad particular ispact in Queensland and N.S.W.
where, due to the heavier reliance of these States on CBVs, the
resistance of cultivars to this disease is greatest.

However, research is now showing that the major genes for stripe rust
resistance found in CIMMYT material are relatively few and can be
quickly overcome by mutation in the pathogen. Overseas workers have
suggested that some CIMMYT lines such as Anza (that is, W15) have
durable resistance (Johnson, 1983), end this character may have been
transferred to Australian varieties such as Condor, Cook and Banks.

The introduction of dwarfing genes through CIMMYT germplasm has thus
resulted in the chance introduction of stripe rust resistances, sose of
which may be more useful and long-lasting than others (C. Wellings,
personal communication).

3.4.3 Septoria djgenses

There are two septoria diseases of agricultural significance in
Australia: septorie tritici blotch (58TB) (Mycosphaerella graminicola),
which is most important in the south-eastern States; and septoria

nodorum blotch (SNB) (Leptogphaerja nodorum), which has been important
in Western Australia.




Shorter-strawed wheats are wore prone to demage from these diseases
because of wetter comditions in the demser crop canopy (B. Ballantyme,
persomal commmication). However, certain of the semi-dwarf wheets,
such as Oxley, Cook, Banks, Millewa, Aroons and Rartog, have partial
8T8 resistance. Therefore, many of the Australian semi-dwarf varieties
have had better 8T8 resistence than the varieties they bave replaced.
No very susceptible wheat varieties bave besn relessed in the ssstern
States since the semi-dwarfs came into prominence (B. Ballantyne,
persomal caommication). Thus, the level of resistance to STB has
increased, despite the shorter—strawed wheats beiang inherently smore
prone to the disease.

There has 00 far been um. impect on S8 through the CIMMYT material,
since this disease is only important in Western Australia where the

CBVs have sade the smallest Mt. m. lines nuh 4] mi-tuce
are being evaluated. _
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cnom' 1ines such as W15 provided a .cful source of resistance to
Sarley Yellow Dwarf Virus, e disease of potentisl isportence’in ‘ .
southern parts of Awstralia. Similerly, CINNYT materiale cen introduce
uwseful resistamce to other diseases not at preseat in Austrelie, oileo
the linmes are: lihly to have been uloctd is thir presence.
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4. CHANGES IN OTHER INPUTS

There are many other inputs in wheat production apart from the
varieties grown. Ideally, the spproach used should take account of the
effects of changes in inputs such as reinfall, fertilisers, herbicides
and tillage methods, and the effects of interactions bLetween these
inputs and the varieties used. This is discussed more fully in Imnan
(1984) where it is argued that a cosplete evsluation of the
contribution of new varieties should involve some account of changes in
other inputs, perhaps by using a regional production functiom.

The aggregated nature of this study mekes this approach difficult. It
requires the development of a rainfall measure for eech State, end the
large geogrephical differences within States mean that such a mssesure -
may not be sufficiently precise to be useful. Also, the production

/7 fTunction approach requires detailed data on the use of inputs such as

fertilisers and herbicides on wheat farms in each State. Such detailed
data are not generally availeble for wheat farms.

There are some data specific to wheat crops on the fertilisers epplied
and the area of whest fertilised (see Tables 11 and 12). Since 1973-74,
even though there bas been an increase in the area of wheat fertilised
(Table 11), the proportion of the crop that has been fertilised has
changed little. Similerly, aslthough the amount of nocrphooplnto -od
on wheat crops has increased since 1976-77, the average rate 'per
hectare has changed little over that period (except for a sharp decline
in 1984). The mmount of other (including mixed and pitrogenous)
fertilisers applied to wheat has increased rapidly since the early
1970s. This may reflect the rapid increase in the area sown to wheat in
Western Australia, since about three-quarters of these other
fertilisers are used in that State. The figures may also reflect a
shift from single superphosphate to double and triple super and to
compound fertilisers. Thus, there may have been no overall incresse in
the rate of fertilisers applied to wheat crops. As there has been
little change in the fertiliser input per hectare in the States in
which semi-dwarfs have made a significant impact since the m»id-1970s,
this suggests that little would be lost in this analysis by ignoring
the interaction between fertiliser and varieties at the aggregated
level.

Data are not available to enable a similar examination to be made of
changes in herbicides used on wheat over the same period. Similarly,
statistics are inadequate to enable an assessment of changes in tillage
practices and rotations to be made, although in some Stateas there have
been rapid changes towards the replacement of traditional methods of
cultivation with methods based on the use of herbicides (Pretley and
Cornish, 1985). At the moment, there is no firm evidence of an
interaction between these methods and the varieties grown.




1973-74 Ny
1974-75 C A .
1975-76 6,276 i 73
1976-77 6,746 . . 15
1977-78 7,827 . S 79
1976-79 10,249 €,004 o - 78
1976-80 11,153 8,607 . T om
1980-81 11,263 8,723 o . 4
1981-82 11,885 9,361 . 79
1982-83 11,546 9,299 : . 8
1983-84 12,931 9,672 v ; .75

Ry N

Source: Industries Assistance Commission (1982), and Australien
Buresu of Statistics 7411.0 (1985), and previous issues.




Isblo 12: Use of Fertiliser op Wheat, Auatralie

Season _Quantity used (000 t.) __Mxmhe_c_tne_mim
mmm_e Qther Fertilisers(b)_ Superphosphate Other Total

1973-74 804(a) 88 a) . 10
1974-75 728(a) 106 12
1975-76 665(a) 120 | 4
1976-17 615 161 18
1977-18 635 213 23
1978-19 634 213 21
1979-80 716 258 23
1980-81 156 238 21
1981-82 801 254 21 .
1982-83 7 305 %6
. 1983-84 721 333 26

88832828

- i o
a: All superphosphate reduced to ’single super equivalent’. In later
years, double and triple superphosphate are not converted to nnglo
super oquivulcnt. N

B

b: Includes compounds and mixtures eontninin( pbo-phon-

: Industries Assistamce Commission (1982), Australien Bureau of
Statistics 7411.0 (1984).




6. ANALYSIS OF IMPACT OF CIMMYT-BASED VARIETIRS
S.1 Iptroductjon

The measuresent of the impact of whest variety changes on farm yields
is discussed in Brennan (1964) and the analysis below is based molely
on varistal improvement and the proportion of total sowings accounted
for by ChVs. Ideally, the impact on farm yields would be determined in
~ conjunction with the iwpact of other input changes, using regional
production functions. A measure such as an index of varietal
improvesent could be used to incorporate varietal change in the
production function. In practice, the lack of data (especially on
inputs such as rotations and machinery) end the limited resources of
“this study do not allow the use of detailed production functions.

6.2 Index of Varjectal Improvepent

Given the average yield advantages for eech State, and the data on
adoption of the verieties, it is possible to calculate a simplified
relative yield index or 'index of verietsl improvement’ (Silvey 1981,
Brennan 1984). This index combines the yields obtained in trisls with
data on the varieties being grown by farmers, to provide a msasure of
the contribution that new varieties make to incressing whest yields.

‘A modified index of varietal improvement is calculated as follows:
Lie = 100 + (Vi.pir)/100,

where lit is the index in State i in year t; Vi is the yield percentage
sdvantage of CIMMYT-based varieties in State i; and pit is the
proportion of the sres sown to CIMMYT-based varieties in State i in
year t. Note that Vi remains constent over time. Thus in New South
Wales, with a yield advantage of 9.0 percent (Vi = 9.0), and 71.0
percent of the area sown to CIMMYT-based varieties in 1979 (pit+ =
0.710), the index for 1979 is 106.39. The index has a base value of 100
for all yesrs in which these varieties were not grown in the State.

These indicies have been calculated for each State for each yesr from
1974 to 1983 (Tables 13 to 17), and are summarised in Table 18. The
"index increases steadily for each State with the increasing adoption of
these varieties. For CBVs, the index increased between 1873 and 1983 by
6.6 percent for New South Wales, 5.3 percent for Victoria, 7.2 percent
for Queensland, 2.4 percent for South Australia and 0.3 percent for
Western Australia. The overall increase over this period for Australia
was 3.6 percent.

A similar index was calculated the semi--dwarfs as a group for each
State (Tables 13 to 18). For this group, there were larger increases in
the index, ranging from 11.6 per cent for Queensland to 0.8 per cent
-for Western Australia. These were greater than the index for CBVs
alone, since both the yield advantage and the adoption rate were

lu(her For Australia as a whole, the index increased by 5.0 per cent
over the period 1973 to 1983.




e }3. i- 8, New South Wales

Yield % of Index of Production Groes Estimeted benefit
Year advantage area varistal increase value of Current Constant

— broductiopn _value _ value
(%) (%) ] (%) * (SAm) (SAm) (6Am)b

|

3.3 100.30
101.31
102.51
104.44
105.53
106.38
106.76
106.90
106.69
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TOTAL(c) -
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a: Base 1973 = 100.0
b: 1983-84 values; deflated by Consumer Price Index.
c: Compounded at real rate of interest of 5 per cent per annum.

Source: Column 1, Table 10; columm 2, Table 5; column 3, calculated
from columns 1 and 2; column 4, derived from column 3; column 5,
Australian Bureau of Statistics; column 6, derived from columns 4 and 5;
column 7, derived from column 6.




4. €l - i- tp, Victori

Yield & of Index of Production Groes [Estimeted benefit

Year advantage area varieteal incresse value of Current Constent
improvement v Vajye

(%) (%) (] (%) ($Am) ($Am) (%Am)d
CIMMYT-DASED
1974 8.1 - 100.00 0.00 232 - -
1975 8.1 1.4 100.11 0.11 163 0.2 0.4
1976 8.1 14.6 101.18 1.18 158 1.9 3.5
1977 8.1 31.2 102.63 2.53 160 3.7 = 6.4
1978 8.1 Mu.9 1 02.83 2.83 I 10.8 17.2
1979 8.1 43.3 103.51 3.51 501 17.0 24.4
19680 8.1 56.0 104.54 4.54 409 17.7 23.4
1981 8.1 62.1 105.03 5.03 392 18.8 22.4
1982 8.1 64.9 105.26 5.26 68 3.4 3.6
1983 8.1 64.9 105.26 5.26 649 32.4 32.4
10TAL(c) - = - = = = 163.8___
ALL_SIMI-DWARTS
1974 10.2 - 100.00 0.00 232 - -
1976 10.2 1.4 100.14 0.14 163 0.2 0.5
1976 10.2 14.6 101.49 1.49 158 2.3 4.4
1977 10.2 31.2 103.18 3.18 160 4.6 8.0
1978 10.2 4.9 103.56 3.56 394 " 13.86 21.5
1979 10.2 43.3 104.42 4.42 501 21.2 30.5
1980 10.2 56.4 105.75 5.7 409 22.3 29.3
1981 10.2 62.4 106.36 6.36 K+ 7] 23.5 28.0
1982 10.2 656.0 106.63 6.63 68 4.2 4.5
1983 10.2 66.0 106.63 6.63 649 40.4 40.4
TOTAL(c) - - - - = = 192.0

"a:  Base 1973 = 100.0

b:

1983-84 values; deflated by Consumer Price Index.
c: Compounded at real rate of interest of 5 per cent per annum.

Source: Column 1, Teble 10; column 2, Table 6; column 3, calculated from
columns 1 and 2; column 4, derived from column 3; column 5, Australian
Buresu of Statistics; column 6, derived from coluans 4 and 5; column 7,

derived from column 6.
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Yield % of Index of Production Gross  Estipated benefit
Year eodvantage area varietal increase ‘value of Current Constant

isprovesent _________ production _valye _valye
(%) %) o (%) (¢Am) ($Am) (6Am)b

CIMMYT-BASED.

) 1974 9.2 o.‘ 100.04 0.04 ’ 79 °o° "'001'
1975 9.2 7.0 100.64 0.64 o4 0.6 1.3
1976 9.2 25.4 102.34 2.34 73 1.7 3.1
1977 9.2 36.8 103.39 3.39 59 1.9 3.3
1978 9.2 43.7 104.02 4.02 252 9.7 16.5
1979 9.2 64.2 105.91 6.91 134 7.5 10.8
1980 9.2 69.7 106.41 6.41 m 4,6 6.1 ¢,
1981 9.2 75.8 106.97  6.97 236 15.4 18.4
1982 9.2 75.6 106.95 , 6.9 134 8.7 9.3
1963 9.2 78.1 107.19 7.19 3 21.1 21.1

:
F

ALL SEMI-DWARFS
1974 12.9 0.4 100.05 0.05 79 0.0 6.1
1975 12.9 7.4 100.85 0.95 84 0.9 1.9
1976 12.9 28.3 103.66 3.656 73 2.6 4.8
1977 12.9 4.9 105.79 5.79 59 3.2 5.6
- 1978 12.9 62.2 106.73 6.73 252 16.9 25.2
1979 12.9 76.6 109.88 9.88 134 12.1 17.3
1980 12.9 83.9 110.62 10.82 m 7.8 9.9
1981 12.9 88.4 111.40 11.40 236 4.2 28.8
1982 12.9 89.8 111.58 11.58 . 134 13.9. 14.9
1983 12.9 89.6 111.56 11.56 314 32.6° 32.5
ml&(C) = bt = - .- - 15109

a: Base 1973 = 100.0 e
. b: 1983-84 values; deflated by Consumer Pnce Index.
;/ c: Compounded at real rate of interest of 5 per cent per annum.

Source: Column 1, Table 10; column 2, Teble 7; column 3, calculated from
colm 1 and 2; column 4, derived from column 3; column 5, Australian
Bureau of Statistics; column 6, derived from columns 4 and 5; column 7,
derived from colusn 6.
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. -Based i—Dwar out alia

Yield % of Index of Production Gross st ipat fit
Year advantage area verietal . increase value of Current Constant
- oV t i

production _value _value
(%) %) a %) ($Am) ($Am) (SAm)b

|

100.00
100.12
lm.w
100.93
101.16
101.71
102.10
102.24
102.68
102.42
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1974
1975
1976
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1978
1979
1960
1961
1982
1983
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a: Base 1973 = 100.0
b: 1983-84 values; deflated by Consuwer Price Index.
c: Compounded at real rate of interest of 5 per cent per annm.
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Source: Column 1, Table 10; column 2, Table B; column 3, calculated from
coluans 1 and 2; column 4, derived from column 3; column 5, Australian
Bureau of Stati-tzcl,\\colun 6, derived from columns 4 and 5; column 7,
derived from column €.
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ALL SEMI-DWARFS

1974
1975
1976
1877
1978
1979

t

100.00
100.00
100.00
100.10
100.24
100.456
100.55
100.67
100.79
100.75
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a: Base 1973 100.0
b: 1983-84 values; deflated by COnnler Price Index.
c: Compounded at real rate of mterelt of 5 per cent per annum.

Scurce: Column 1, Table 10; column 2, Teble 9; column 3, calculated from
columns 1 and 2; column 4, derived from column 3; column 5, Australian

Buresu of Statistics; column 6, derived from col\-u 4 and 5; column 7,
derived from column 6.




: snd Semi-Dwarf Wheats(s) :
Yoar m Victoria - Quesslend J.A. __u__ An!_&ul_l(b)
GIMNYT-BASKD

1974 100.30 100.00 100.04 '100.00 100.00 100.10
1976 102.61 101.18 102.34 100.68 100.00 101.24
1977 104.44 102.53. 103.39 100.83 100.05 102.16
1978 105.53 102.83 104.02 101.16 100.10 102.55
1979 106.39  103.51 105.91 101.71  100.17 © 103.09
1980 106.76  104.54 106.41 102.10 100.20 103.33 - -
1981 106.90 106.03 106.97 102.24 100.26°  103.57
1882 106.96 105.26 106.95 ©  102.68 100.29 103.42
1983 106.859 105.26 107.19 - 102.42 .100.25 . 103.64

1974 100.40.  100.00 -
1975 101.63. 100.14 -
1976 103.17  101.49
1977 105.24 103.18
1978 106.27 103.56
1879 107.16  104.42
1960 107.63 106.75
1981 107.86 106.36
1982 108.01 . 106.63
1963 108.04 106.63

a: Dase 1973 = 100.00
b: Weighted average, weighted by area sown.

Source: Tebles 13-17.




Godden (1985, 1986) pointed out that relative yield indexes are a
bisned estimator of genetic improvesent unless there is no interaction
between the varieties and the level of inputs used. While this is so, o
brief examination of input levels in Australia (Brennan 1986) showed
that there was scant evidence of any ln.)or changes in input levels for
wheat production for Austrelian wheat in the period since the early
19708, except in Western Australia (where CBVs were only of minor
uporunco) Thus the extent of the possible bims in this otudy. while
unknown, is likely to be relatively small.

On the other hand, if the CBVs were adopted mainly in the aress where:
their superiority over other varieties was greatest, then the index of
varietal improvesent would understate the true contribution of these .
CBVs. Given the other limitations on the precision of this index, it u
not appropriate to attempt to estimate the size of this bias.
Nevertheless, it is a possible further source of bias in the results of
this study.

5.3 Impact of CBVe on Gross Velue of Productjon

If it is assumed that the new varieties do not interact with changes in
other inputs (see section 4), the contribution of CBVs to incresses in
the gross value of production (GVP) can be estimated from these
indexes. The estimates are also based on the assumption that
proportional increases in farm and experimental yields are the same.

On this basis, the percentage increase in the index of varietal
improvement can be taken as the percentage increase in the GVP
attributable to CBVs. Thus an increase of 10 per cent in the index
seans that the GVP was 10 per cent higher than it would have been
~without CBVs, so that 9.1 per cent (10/110) of the GVP in that year can
- be attributed to CBVs.

The estimated benefits from CBVs are shown in Tables 13 to 17. These
are deflated by the Consumer Price Index to give estimated benefits in
constant 1983-84 dollars, and are summarised in Table 19. After the
initial ssall benefits during the early adoption phase, the annual
benefits reached $124 million in 1979, fell to $37 million in the
drought-affected season of 1982, and incredised to $157 million in 1983.
In the period 1974 to 1983, total benefits in 1963-84 dollers
(compounded at a real interest rate of 5 per cent per annum) were $825
million, or an average of $82 million per year. Approximately half of
the total benefits were received in New South Wales (average $51
million per year), with Victoria ($15 million per year) the next
biggest beneficiary. Benefits were smaller but still substantial in
Queensland ($10 million per year) and South Australia ($5 million per
year). In Western Australia, the benefits averaged only about $1
million per year.

The benefits from all semi-dwarfs are also shown in Table 19. The total
benefits in 1983-84 dollars (compounded at s real interest rate of 5
per cent per annum) were $1071 million between 1974 and 1983, or an
average of $107 million per year. Again, New South Wales accounted for
over half of the total benefits from semi-dwarf wheats.




(sAn) (1983-84 values)

CIMIYT-RASRD

197‘ 2.9 - o-l - - 3.0 |
1976 12.4 0.4 1.3 0.3 - 14.4
1976 20.8 3.5 . 3.1 0.9 - 28.3
1977 27.8 6.4 3.3 0.8 0.2 38.5
1978 69.6 17.2 15.5 14,8 0.9 108.0
1979 7.0 4.4 10.8 8.7 1.4 124.3
1980 36.4 23.4 6.1 6.9 2.0 74.8
1981 72.3 22.4 18.4 7.1 2.2 122.4
1882 18.1 - . 3.6 9.3 3.4 3.0 37.4
1983 9.1 32.4 21.1 - 11.0 1.7 167.3
T0TAL(a)606.1 _ 163.8 102.1 49.9 12.7 024.6
lg" 4.0 - o-l 0.0 - ‘ol
1976 15.4 0.6 1.9 9.9 - 18.7
l"s 28.3 ‘o‘ 408 : 202 - 31.7
19M 32.6 8.0 5.6 1.7 0.5 48.4
1978 78.4 1.5 25.2 16.2 2.1 143.4
1979 - 87.9 3.5 - 17.3 15.8 3.6 165.1
1980 40.7 28.3 9.9 12.6 3.7 96.2
1981 81.5 28.0- 28.8 . 12.8 6.0 157.1
1982 20.8 4.5 14.9 - 5.6 8.2 - 54.0
1963  109.7 0.4 - 325 18.4 5.2 ‘\\zos 2
TOTAL(a)665.1 192.0 ]61.9 9.6 32,5  109.1
a: Compounded at real rate of interest of § per cent per anmm.

m Tebles 13-17.




6.4 Effect of ChVs on Costs

There in no evidence that costs of wheat production per hectare have
changed with the introduction of CBVa. Apart from the purchuse of Lhe
initial seed of the new varieties, there need be no increase in
production costs. Seed for subsequent years is generally retsined on
furms from the previous harvest. Although semi-dwarf lines ure
generally at their best in the more fertile environments, the
uncertainty of adequate rainfall over most of the Australisn wheat belt
sakes the adoption of high-input strategien uneconomic.

There is, however, a potentisl for increased fertiliser requirements,
because the higher yields mean that incressed amounts of soil nutrients
per huctare are harvested in the grain, and need to be repluced, at
least in the long run. The optisum level of inputs such as fertilisera
muy also be higher with the higher-yielding wheats. Nevertheless, there
does not appear Lo have heen any change in cost per hectare as a direct
resull. of the introduction of CBVs or other semi-dwarf suteriusl. Of
course, with higher yields, costs per tonne would be lower if there was
no change in costs per hectare.

5.5 Rffect of CBVs on Prices

Although individual varieties may have suffered some quality defecis
(Section 3.3) and therefore lower prices, other quality aspects of CBVs
were positive. Thus there appeurs to be no resson for sssuming thet
CBVa have caused any change in the prices received for Australian wheat
on the export market through quality changes. Prices have been
administered on the domestic market over this period, so it would
appeur that there was no price effect on the domestic market. ‘

It is possible that the increased production resulting from the semi-
dwarfs has affected the prices received for Australia’s wheat cxportis.
If the export market is perfectly elastic (that is, Australia is a
price-taker on the world wheat market), the increased production would
not have influenced world prices. However, there is some debate as to
whether Australia faces a perfectly elastic demand for its export wheat
(for example, see Alaouze, Sturgess and Watson, 1978a, 1978b, 1979;
Grennes and Johnson 1979; Longworth and Knopke, 1980). The present
analysis was based on the assumption that the export demand is
perfectly elastic, as argued by Alaouze, Sturgess and Watson (1978a,b)
and Longworth and Knopke (1980). To the extent that the market is less
than perfectly elustic, the increased production would have reduced the
price, If the estimated export elasticity suggested by Longworth and
Knopke (1980) of -10 were accepted, then the overall 5 per cent
increase in Australian production would have led to a fall in export
prices of 0.5 per cent. Thus the gains indicated by this analysis would
be overstated by approximately 0.5/5.0 = 10 per cent.

From the above discussion, yields have increased but prices and costs
are assumed not to have changed with the introduction of CHVs.




Therefere profitebility has incressed by a greater proportion than the
gress valwe of production. The extent of this imcrease depends on the
lovel of profite without ChVs, and would vary widely between differeat

wheat-preducing regioms.




6. PARTITIONING OF CONTRIBUTIONS

The benefits of the CBVs cannot all be attributed to CIMYT, since many
of these varieties have large inputs of gersplasms and breeding,
evaluation and testing resources from Austrslian progrems. It is of

interest to sxemine the reletive contribution of the CINMYT and -
Australian programs to these gaine.

A simplified partitioning of CIMMYT and non-CIMMYT benefits uses the
pedigree of each variety (see Table 2) and allocates the benefits for
each variety sccording to the origine of its parents. Thus e variety

such as Aroona, which is a direct cross between WW15 and the Australian _

variety Raven, has 50 per cent of its benefit attributed to CIMMYT. A
variety such as Condor, the product of & cross between two CIMMYT
lines, is allocated 100 per cent to CIMMYT, even though the crossing,
selection, svaluation and testing were all carried out in 'Autnl,in.

For the purposes of this amalysis, a distinction is made between the
‘first generation’ and ‘second generation’ pedigree. In the ‘first
goneration’, the country of origin of the direct parent lines is used.
In the ‘second generation’, rather than the country of origin of the
parent lines, the °‘bloodlines’ (and the contribution of CIMMYT to those
lines) are used. In the first generation, a variety such as Osprey (a
cross betvesn Condor and WW33B) used all Australian material in its
parentuge and is considered wholly Australisn. In the second
goneration, the fact that Condor and W33 have 100 per cent CIMMYT
blood* denotes Osprey as 100 per cent CIMMYT. In this amalysis, no
sccount is taken of the earlier contribution that has been made to the
CIMMYT material by Australian varieties (see footnote 2).

It is evident that such an sllocation will be arbitrary, and can be no
more than indicative. This sllocation is likely to understate the
contribution of Australian breeders to the development of many
varieties, and overstate their comtribution to others. Nevertheless,
calculations have been carried out on this basis to provide an
indication of the contribution of CIMMYT to the impact of CBVs in
Australia.

The percentage contribution of CIMMYT to each variety's pedigree is
shown in Table 20. In the first generation, the contribution of CIMMYT
ranges from 0 per cent in varieties such as Cook, Banks and Osprey to
100 per cent for varieties such as Condor, Oxley, Millewa and Hartog.
In the second generation, the contribution of CIMMYT is equal to or
greater than that in the first generation. The contribution is greater
than gzero in every variety in the second generation since the list has
been restricted to those with some CIMMYT material in their pedigrees.

4. The term ‘blood’ is used for convenience. It is used rather than
‘genes’ since there is no direct knowledge of the genetic
constitution of these varieties.
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By using the percentage area sown to esch variety in each State, it is
possible to cbtain a measure of the contribution of CIMMYT to the ares
sown in each State in each year (Table 21). This messure of the
coutribuhon of CMT in the ﬁnt generstion, W, is cnlculnted as
follows: . :

W =5 i(X.Pin),

where Xi is the proportional contribution of CIMMYT to the pedigree of
veriety i, and Pit is the percentage of the area sown to variety i in
year t. Compared with the incrcuin( importance of CIMMYT-based
varielios in Australia shown in Table 3, the actual CIMMYT contribution
in the first generation peaked at 27 per cent in 1980 .nd hun declined
since. This is illustrated in Figure 5 end Table 21. - - -

The nnnlysis of munetary benefits was re-worked in order to identify
the CIMMYT contribution to these benefits. This was achieved by using
this messure of the contribution to srea (Table 21) rather than the
total proportion of area sown to CBVs in the calculetion of the index
of varietal improvement and the estimates of monetury benefite. The
results are shown in Teble 22. The nonot.ry value of the CIMMYT
contribution peaked at $88 million in 1979 (in 1983-84 dollars), snd

" averaged approximately 66 per cent of the total benefi‘s attributable
Lo CBVs over the period 1974 to'1983. The totul benefits (compounded at

a real interest rate of 5 per cent per sonum) attributeble to CM‘I‘
werc $554 million over this period.

Although this sisplified analysis is no more than indicstive, the
CIMMYT prougram appears to have made a substantial direct and indirect
contribution to Australian wheat production, mainly throuh the use of
CIMMYT lines es parents. Subsequently, the new varieties have been used

as parents in further Australian-developed varieties. = .
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7. SUMMARY AND CONCLUSIONS

The CIMMYT wheat breeding program in Mexico has led to large increases
in wheat yields in many countries throughout the world. Australia hn
been importing material from this program and its precursor, the
Rockefeller Foundation progras, since the 1960s. Several important
Australian varieties have been based on the material isported from o
these programs. Their major festure is their semi-dwarf nature, blsed
on the dominant semi-dwarfing gemes Rht]l or Rht2.

The sajority of varieties relessed since 1973 hw. been semi-dwarfs. -
Although not sll of these bave obtained their semi—dwarf habit through
the Mexican program, the contribution of the Mexican program to the
Australian wheat industry has been -ﬂntntill.

CIMMYT-based varieties occupy slmost half of the total area som to
wheat in Australia. All eastern States have a mjority of their sres
devoted to CIMMYT-based varieties, and South Awstralia bas over 40 pe
cent of its srea. These varisties have sade only a small eontﬂbntion
in Western Awstralia.

. B C AL
An exemination of Interstate Vheat Variety ‘l'riol’yiﬁld data II-‘
revealed that CIMMYT-based varietiea have a yield advanteage over non-
CIMMIT-based varieties of 7 per cent in the period 1975 to 1982, The
yield advantege was found to vary from 3 per cent in Western Awtralia
to 9 per cent in Quesnsland and New South Wales.

Using these data and data on vheat varieties grown by farmers in each
State, an ‘index of varietal improvement’ was constructed to indicate .
the contribution of the CIMMYT-based varieties to incressed production
in Australia. The contribution averaged 3.6 per cent in 1983, and
varied from 0.3 per cent in Westernm Australia to 7.2 per cent in
Queensland.

Based on the gross value of wheat production in each State, the yield
gains from CIMMYT-based varieties are estimated to have contributed
$825 million (in 1983-84 values, at a real interest rate of 5 per cent
per annum) in the period 1974 to 1983, at an annual average of $82
million. While these figures are based on a nusber of sssumptioos, they
indicate that the contribution of these varieties to the Australian
wheat industry has been large.

An sttempt has been made to ypportion the contribution of the CIMYT

and Australian wheat breeding programs to these CIMMYT-based varieties,
almost all of which had further crossing, selection and evaluation in
Australia. On the basis of pedigrees, sbout two-thirds of the genetic
make-up of these varieties was CIMMYT uaterial. From these estimates,
the importance of tbe CIMMYT program is evident.

The CIMMYT wheat breedmg program in Mexico has made an outstanding
contribution to the Australian wheat industry. While there have been
few varieties imported directly for commercial production in Autraln.
material from this program hes made a vital contribution to Autralian




-wheat bresding. The valu of internationel ew-oponti;n in egricultural o
research is clearly demcostrated by this analysis of the ispact of o
CIMMYT vheats oo Austrelian production.
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APPENDIX A
v VARIE

Results of the Interstate Wheat Variety Trials from 1975 to 1962 (Series
6 to 12, year 1, and Series 5§ to 11, year 2) were examined. The pedigree
of each line in these trials was examined, and the lines were classified
("}

(a) CIMMYT-based lines,

(b) Non~-CIMMYT semi-dwarf lines, or

(c) Non-semi-dwarf lines.

Mesn vieclds for eech cetegory

The yield of CIMMYT-based line j at site i in year t is deoimted as
yeist. Similarly, the yield of other semi-dwarf line j at site § in year
t is y314¢, and tho yield of non-semi-dwarf line j at site i in yesr ¢
is yum .

If it is the mmber of CIMMYT-based lines at site i in year t, then the
msean yield of the CIMMYT-based lines at th.t site in that yeer (YCi:)
was calculated as

Yoi: = (s, ycut)/ln

~
(‘h

Similarly, the mean yield of the sit other --i—dnrf lines (YSic) and
of the nit non-semi~-dwarf lines (YNi¢) were calculated as

Y8itc

(S3.y8130) /81, ond

YNie (= 3.ywi3t)/nic.

The total number of lines at site i in year t, piv, is given by:
Pit = Wit 4+ Sit 4+ Njr,

For some purposes, the mean yield of all non-CIMMYT lines (YQit) was
required, while for other purposes the mean yield of all semi-dwerf
lines (YRit) was required, where Q is used to designate ‘non-CIMMYT’
and R is used to designate ‘semi-dwarf of any origin’. These were
q,llculuted as follows

YQit = (®it.¥YSict + nie.YNie)/(siv +nic), and

YRie = (mit.YCiv + 2it.YSic)/(mit +8ir).

1 pjte yie]ld advantage for each group of lines

The yield advantage at each site for each year was then calculated from
these mean yields. Thus, for example, the yield advantage of CIMMYT-
based lines over non-CIMMYT-based lines at site i in year t (Ac/ait) was
calculated as

Acsest = (YCir - YOn)/YOn..t"
y

Similarly, the yield advantage of all semi-dwarf over non-semi-dwarf
lines (An/wic¢) was calculated ss ,i

i

Av/wir = (YRit - YNio)/YNie.



The overall yield sdvantage at each site for sll years in which the
trisls were held at that site was calculated from these annual yield
sdvantages: The overall yield advantages at site i were c-lculntod s

Akrser = [& t(pn.knu)] su(pin), and
Asui = [ze(pic.Ansnin)]/3e(pin).

State yield edvantage

The State yield advantage was calculated by averaging the site ,
sdvantages over the sites in that State. A weighted average was used,
with the advantages being weighted by the mmber of years in which =
trials were held at each site. Thua, the State average yield advantege
of CINMYT-based lines over non-CIMMYT-based lines over all sites in that
State (SAc/o1) wes calculated as

SBAc/ei = [=i(ki.Ac/sei))/ (5 (ki)), _
where ki is the mmber of years the trials were hcld at lih i.

Similarly, the State average yield advantage of all mn-&nrf over nop- v
semi-dwarf lines over all sites in a State (SAx/ni) wes calculeted s

SAn/wi = (Za(ki.Ansui)]/ (0 (i),

This is the yield advantage shown in Teble 10, and used in th
calculations.




