
O' s's

:^i-

Agricultural Economics C
_____K Bulletin O
Impact of Wheat Varieties 
from CIMMYT on Australian 9 
Wheat Production

.John P.Brennan

0

Department of Agriculture New South Wales



Agricultural Economics 
___ Bulletin
Impact of Wheat Varieties 
from CIMMYT on Australian 
Wheat Production -V

September 1986
John P. Brennan , 
Senior Economist // 
Department^ Agriculture NSW %^^. 
Agricultural Research Institute 
PMB Wagga Wagga 2650 Australia

Division of Marketing and Economic Services 
Department of Agriculture New South Wales



r
ABSTRACT:

Australia baa bean iaporting Mi-dwarf aatarialifraa tha whaat 
breeding prograa at CDMYT (and ita pracuraoittJw Rockefeller 
Foundation) in Mexico, aiaca tha aarly I960*: Although fan vnrietiea 
froB CDtffT have ban relaaaed directly in Australia, tha linea.bave 

uaad eKtenaivelr in Australian «hatt braadinf profraai.

CDtfrT-aaaad variatiaa derived from these introduction* occupy 
alsnat ana half ef tha total araa BOMB to wheat in Australia. Pros 
trial results, CHMYT-basad varieties were found to have a yield 
advantage of 7 par cent over other leading varieties, although there 
ia wide variation between the different States. Using an index of 
varietal iaprovanant, COMVT-baaad variatiaa ware aatiaatad to hava 
increased yields in Australia by an average of 3.6 par cant by 1983, 
and ranging froa 0.3 par cant in Western Australia to 7.2 par cant 
in Puisne land. '

•.)>•' ^ • ...•-.*

In Bonetary tarns, tha .value of tha increased production in the 
period 1974 to 1983 was eat lasted at IA825 Billion (in 1983-84 
dollars at a real interest rate of 5 per cant), at an annual average 
of IA82 Billion. On the baaia of the pedigrees of Australian wheate. 
about two-thirds of this value can be attributed, to the line* fros 
CDMTT.  '

\k -^/IF = ' .^*->-'v. ...:. :
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PRiTACB

Taia report was prepared in conjunction with   aajor study being 
carried out by Profeaabr J.R. Anderson under the auspices of the 
Consultative Group oa International Agricultural Research, 
Washington D.C. OB th* iapect of the Interactional Agricultural 

Canti

A nuaber of colleagues in the Depertaent of Agriculture New South . 
N*laa hive contributed to this report. Cadric Nay, Ron Martin, Akrea 
Khan. Cordon Hurray, Barbara Ballantyne, Helcola Olennie Holaes and 
 elan Allan of the agricultural Besearch Institute, Magga Wagga. all 
aada cosaent* on draft* or assisted with valuable suggaation* and 
diacuMion. In particular, John Fisher, Agricultural Research 
Institute, Nagga Magga. aade detailed coaaent* and suggest lone, and 
tolarated aany interruptions in assist inf ae to understand the ^> 
i*a«as involved. Albert Pugsley, foraerly of Agricultural Research 
Institute, Wagga Magga, and University of Melbourne, aade a valuable 
contribution through discussions, suggestions and naas inli Col 
Welling* and Bob Nclntosh of th* National Rust Control Profraaaa, 
Sydney University, provided valuable infonation. Michael Mackay, 
Curator of the Australian Wheat Collection, Taaworth. provided 
valuable data oa the wheat varieties in Australia, their pedigrees 
and their origins. Boger Fitzsiaaora, Departaant of Agriculture New 
South Wales, Sydney, assisted with data on the area sown to wheat 
varieties. Data for variety yields was obtained froa reports of Cat 
Interstate Wheat Variety Trials. The consents of Jock Andersen, 
Dsrek lyerlee, Jia Syae, Jia Ryan, David Oodden and Bob Lindner on 
various drafts of this report were also valuable. Of course, none of 
thaae bear responsibility for the interpretations or any  ' 
inaccuracies that raaain. It
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1.

1.1 Besri-Dwarf* Wbests

Varieties of dwarf wheats with very short stature were introduced 
into the U.S.A. froa Aaia in the late 1940s. Most important aaong 
these was Norin 10, a Japanese wheat with two dominant genes for 
dwarf ness (Rhtl and jht2). The history of this introduction is 
outlined in Dalryaple (I960). Several croeses were aede with these 
wheats at Pullaan in Neehington State, U.S.A., with one croaa, Norin 
10/Brevor, being the foundstion of later aeai-dwarf varieties 
developed in the CDMVT (Ceatro laternecional de Nejoraaiento de 
Naic y Trigo) prograa in Nncico. Virtually all current seni-dwerf 
varieties of the Australian breedinf progress are derived froa this 
cross*.

1.2 Bole of Rht Penes

The incorporation of the jfrt genes fro* Norin 10/Brevor progeny into 
commercial varieties has greatly nodified the nature of Australian 
wheate. Earlier Australian wheate had carried the height-reducing 
genes in the recessive atate - rhtl and rht2. Although nany 
varieties were of reduced height, they had low levels of the plant 
horaone gibberellin (and, therefore, were sensitive to applications 
of gibberellin). Planta carrying the dominant genes Rhtl and Rht2 
produce unusually high levels of endogenous gibberellin (and have a :. 
negative response to gibberellin applications). ; '

Evidence indicates a direct effect of each Rht gene on yield per se. 
which can be aaaocisted with the high levels of gibberellin (A.T. 
Pugsley, personal conaunication). There are other associated 
effects, such as reduced plant height (which is valuable in 
controlling crop lodging), increased 'harvest index' (the ratio of 
grain to straw in the plant), and synchronous tillering (Syne, 1983; 
A.T. Pugsley, personal coaaunication).

(1) For convenience, the lines with two Rht genes ere called 
'dwarf* wheats, and those with one Rht gene are called 
'sea: -dwarfs'.

(2) Australia has a prior connection with this Material. Brevor 
was developed froa a croas between Brevon and Brevon's 
parenta and Oro. Brevon had two of Ferrer's wheats, 
Federation and Florence, in its pedigree (Delryaple, 1980), 
and could be considered 50 per cent Australian froa) 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 Qabo wes aaongst the 
varieties used by Borlaug early in the Mexican prograa, and 
figured proainently in the pedigree of aany lines froa 
Mexico (such ae MN80).



1.3 Non-CI

In 1956, Dr A.T. Pugaiey introduced into Auatralia the dwarf wheat, 
Norin 10/arevor (aelection 14). Thia line waa unsuitable for 
coaaercial cultivation in Australia, but waa uaed in a Urge number 
of croaaea, the first of which ware aade in Saptaaber, 1956 
(Pugsley. 1974).

For some time prior to thia, there had been a move towards ehortar- 
atrawed wheats in Australia. Short-atrawed wheats like Ohurka were 
widely grown in Auatralia in the 1930s, and varieties such as 
Insignia (1946) and Heron (1959) were considerably ahorter than many 
of their predecessors. However, the aemi-dwarf wheats originating 
froa Norin croaaaa were 35-50 per cent shorter as a group than the 
popular standard varieties (Pugsley, 1964).

Initially, eaphaaia in Australia waa placed on examining the 
usefulness of semi-dwarf lines under irrigation (Pugsley, 1964). 
Further crossing and aelection led to the naming and registration of 
Australia's first Norin 10 derivative, Wren, in 1968 (seven years 
after the first semi-dwarf wheat was released in the U.S.A.). 
However, Wren failed to meet the milling quality standards required 
in New South Walea and, despite ita high yield potential, was not 
recommended for general cultivation (Pugsley, 1974).

The cultivar Eite. registered in 1973, waa produced with further 
crossing froa the original material by R.H. Martin, fits ia still a 
popular wheat, especially in northern New South Walea, and has been 
uaed as a parent for several more recent varieties (such as farrier 
andTakari).

1.4 CIMMYT Materials in Auatralia. ,,-,

Since the initial introduction of seai-dwarfs, other sources of 
aeai-dwarf material (especially CIMMYT in Mexico and Chile, and more 
recently froa other overaeas countries) have been uaed in Australian 
wheat breeding progiaas.

In 1960. Pugsley introduced two lines from the Rockefeller 
Foundation. Mexico 120 and Chile IB. The former waa a dwsrf line 
from the breeding program in Mexico, the precursor of CIMMYT, and 
the latter waa a aeai-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. Putfsley, personal 
communication). Neither line waa grown commercially, but both were 
uaed in Australian breeding programs.

In 1963, Pugsley introduced into Australia several hundred apring 
wheat lines from the Rockefeller Foundation breeding program) 
containing the semi-dwarf genes originally obtained from the 
Washington State program. This waa the same year that this materiel 
was first introduced into the U.S.A. (Dalrymple, 1980). Some of the 
introductions were found to be well adapted to the dryland 
conditions of the Australian wheat belt.



One of these acceaaiona, naaed NN15 by Dr J.R. Syae who aelected it, 
proved to be outstanding. It had wide adaptability, with higher 
yiald under good condition* than all other varietiea, and reaiatance 
to Boat atraina of ataai mat then present in Australia. However, 
WN15 had red grain and waa not acceptable to the Auatralian wheat 
induatry which bad a policy of producing only white wheata. The aaae 
line waa relaaaed in New Zealand aa Karaau, in California aa Anze, 
and in the Sudan aa Mexicani, but waa rejected in Mexico because of 
auacaptibility to atraina of ru»l »here (Syae and Pugsley, 1975).

In 1967, aftar ita outatanding coabiaation of charactera waa 
raaliaad, Sysw began developing white-grained derivativaa of NH15. 
With ao aany excellent qualitiea, it waa considered an .ideal . 
recurrent parent in a prograa of 'restricted back-crossing' 
(Pugaley, 1974). Aaong aeveral parenta used to donate white grain 
colour in thia back-creasing prograa were another Mexican crossbred, 

), aad the Australian variety Heron (Fisher and Martin, 1974).

In subsequent selections, a nuaber of valuable lines eamrged, each 
different froaj the others but all noted for good field 
characteristics, high yield and excellent Billing quality (Pugaley, 
1974). Single back-creases of MN15 Bade.by Syae, and aelected for 
white grain and improved quality, gave fiae to the cultivara Condor 
(hard), Igret (soft) and Cxley (hard) (Martin, 1982). The firet 
•eari-dHarf cultivara released coaaercially in Auatralia (apart froa 
the dura wheat Duraaba in 1970 - aae below) war* Condor, Egret and 
lite in 1973 and Oxley in 1974. Of theee, Condor, Igret and Oxley 
ware derived froa CIMMYT aatarial. Thaae varietiea outyielded all 
previous Auatralian wheata, with the exception of Halberd in aoae 
areas and Oaawnya in others (aainly western Auatralia), and were . 
rapidly accepted by faraera, aapecially those in the ajore fertile 
red-brown earth areaa (Wrigley and Rathjcn, 1981). Many other eeai- 
dwarf varietiea have aince been releeaed to Auatralian growers.

NN15 has been used aa a parent in a nuaber oi' subsequent wheat 
varieties, and Condor has also been used extensively in Australian 
wheat breeding program. The progeny of NN15 are shown in Figure 1.

Between 1973 and 1984, SB new varieties were released for coaaercial 
cultivation in Australia. Of these, 45 (or 78 per cent) were baaed 
on CIMMYT aaterial, 7 (12 per cent) were seai-dwarf of other origin, 
and 6 (10 per cent) were non-aeau-dwarfa. A list of the seal-dwarf 
varieties released for ccaaercial production in Australia is given 
in Table 1, and their pedigrees are shown in Table 2.

A total of 14 CIMMYT lines have appeared in pedigrees of coaaercial 
Australian varieties (Table 2). Apart froa WW15 (which appears in 20 
pedigrees) and WW80 (15 pedigrees), the CIMMYT lines aost used in 
Australian breeding prograas have been Sonora 64, Siete Cerros (also 
known as Kalyansona, 8156 or Mexico 22A), Ciano and Mexican Dwarf 
Durua. Thousands of other lines froa CIMMYT have aince been tested 
in Australia, including aaterial froa the International Bread Wheat 
Nurseries. Up to 1984, only three (Millewa, Hartog and Cranbrook) 
were released for cosatercial cultivation without further crossing.



Fipiitl: ftopnyofthe»tm>-Dw«rf mmi *W1SD«*lop»dinAurtrtH*.

PMOiNIX IOMIT WAMK2AL ANOONA
1M1

KINO AVOCIT COMILLA 
IM3 1t» 1H«

 UNSTAN 
1M3

SUNOOH SKUA COOK 
IN* IN* 1*77

1M3

Sourct: Adapted from Syme (1983), with awitunct from J. Fiihtr.



Variety Vaar of Realatration State of Oritin

cntnrr-BASip
Duraaba (d), 1 
Condor 1 
Igret ] 
OKlay 1 
Jabiru 
Soaflan 
Tiaaon 
Wariaba ' 
Sbortia 
Cook 
Durati (d) 
Nariial 1 
Avocat ] 
Bank* 
Milinf 
Jacup 
Nillawa 
Bindawarra 

Hybrid Titan 1 
Aroona • 
Sunkota 
Bodallin 
Canna 
Iradu >. 
Flindara 
Eaailaroi (d) 
Hartof 
Sunaca 
Natonc
Uml»nnyacn 
Sing 
Bass 
Torraa 
Osprey 
Ouarnon 
SUM tar 
Spear 
Dag«er 
Bayonet 
Cocaaba 1 
Wyuna ] 
Neerinf 
Skua 
Corella 1
Sundor 
Cranbrook 1
NON-CIMMYT Sail-DNARTS

Wren 1 
Kite ! 
Tincurrin ] 
Lance 
Harrier 
Gutha ! 
Takari : 
Sunelc ]

97 
97 
97 
979' 
9 
97
97 
9

!
9 
9 
97 
97
! 1

i 1 
< 1

! 1

a

9
91
9B
9fl
qj)
9H°A
'1
.98 
9 
9f 
9C
5W
L96 
9fl
.96
196.

0 N.S.N. 
3 N.S.N. 
3 N.S.N. 
4 N.S.N. 

> N.S.N.
>• >•: N.S.N.
1 N.S.N.
6 , S.A. '•('••' ' '- N.S.N. 
V Old. 
7 N.S.N. 
SS.A. 

N.S.N. 
9 Old. I •• .. - • •• •'• N:'A. 

i .-• • ..-: •'. . N:A.
9 Vie. 

' S.A. 
N.S.N. 
S.A. 
N.S.N. 

,.'..• W.A. 
' N.A. 

N.A.; old.
2 . N.S.N.i! , Old.
B . ..--.:•??' ' . • N.S.N.
!l -• • Vie.
!! • N.A.
S Old. 3 Old.
3 Old.
3 N.S.N.
3 N.S.W.
3 M.S.N. 
3 S.A. ""
3 - S.A. 
14 S.A. 
4 Vie. 
4 Vie. 
4 Vie.
4 N.S.N. 
4 N.S.N.
4 K.S.N. 
IA M.A.

968 N*S«W« 
973 N.S.W. 
977 N.A. 
978 S.A. 
981 N.S.N. 
982 N.A. 
983 N.S.W.
«mf4 N*S*W*

'.}

(a) Thia list aay include aoae varieties with seai-dwarf parent* but
which do not theaaelvea have the Hht genes.
(d) DuruB wheat
Source: Ferns et al. (1975. 1978), Australian Nheat Collection
Bulletin (various issues).



Variety Pedigree

(a) CIMMYT-iased ' -..
Duraaba Mexican Dwarf Dun»/3* Durwl . •
Condor NMBO/2*NN15 ,>' ;
Egret Reron/2*NN15
Oxley MNB0/2«NM15
Jabiru Pimwcle/3/Piimacle*2/Mjtxico 120//Pimiacle/PMTH
Songlen Leraa Rojo 64/Sonora 64A/2/Tiagalen sib.
Tiason Leraa Rojo 64/Sonora 64A/2/Tiagalen aib.
Wariaba Mengavi/Mexieo 22A
Shortia Sonora 64/P41603//3*Tiagalen aib.
Cook Tiagalen/Condor sib.//Condor
Durati Zenati Bouteille/Wells//Nexican Dwarf Durtai
Narigal NM15/Raven
Avocet NM119/Mll5//Bgret
Banks PNTH/Condor aib.//2*Condor
Mi ling Bencubbin/3/Cbarter//Sword/KeBya C6041/4/Nexico/5/GsB»nya
Jacup l«aoM>in/3/Charter//Sword/leBya C6041/4/Nexico/6/OaMnya
Mi Hews Sonora 64/Yaqui 50t//Oaboto/Mexico 8156
Bindawarra Mexico 120/Moda//Raven
Hybrid Titan Fl hybrid between: Male sterile triticw tiaopbeavi 

	derivetive/3/Oebo backcroes/Oaaut//Soaora MA aad 
	Fertility Restorer/OaiiMs//NoriB 53/3/Iite aib.

Aroona WMlS/Raven ,
Sunkota TiBson/IRN67-451
Bodsllin Bokel/Siete Cerros
Canna QaaMnya/Siete Cerroa
Eradu Ciano/Oaaanya * ••< '
Flinders PWTH/Condor sib.//2«Condor
Kaailaroi Durati sib./Leeds
Hartrg Vicaa 71//Ciano 'S'/TC/S/Kalyansons/Bluebird
Suneca Ciano/2/Spica/Sonora 64A
Matong Kalyansona/Olyapic o
Hyden Oaawnya/Inia
King PWTH/2*Condor sib.
Bass Flinders aib./2tCook
Torres 3Ag3/3«Condor
Oaprey Condor*2/NM33B
Qusrrion Condor/TA3PNB3P//NH33G/3/Con4or/NH33B
Sunstar Coador/4/NN15/3/Steinwedel/MC356//La Prevision
Spear Sabre/MSC3//Insignia
Dagger Sabre/M8C3//Insignia
Bayonet Pitic sib./Glaive
Cocaaba AOS10894/4*Condor
Wyuna DX3-134/01y»pic
Meering Condor selection
Skua 3Agl4/4«Condor
Corella Huelquen/4/Mayo/Norin 10/2/Yaktana 

	54/3/Kenya/Lincoyan/5/2* Bgr«t
Cundor 3Agl4/4«Condok-
Cranbrook Wren//Ciano 'S'/Noroeste 66/3/Zaabezi



table 2; reditree* of Seai-D»mrf Mheat Varietiee (Continued)

Variety Pedigree

(b) Mon-Cntm-ieeed

Kit*

Tincurria
Lance
Harrier
Qutha
Takari
Sunelg

Norin 10/Brevor (Seln 14)//Jevelin 48*2/3/Bearded
Derivative of Javelin 48 

Horin 10/lrevor (Seln 14)//4«ureka 2/3/T-A/3»
relcon/4/T-A/4*Felcoa/5/T-A/6» Falcon 

Oluclub/3/Chile lB//Inaignia/Falcon 
Collafen/Raven
Norin 10/lrevor (Seln 14)/Kite aib.//Kite 
OaBinya//Oabo*3/lh«D»t«in/3/Falcon*3/Chile IB 
Iite/3/Frocor/Kentina//2*Feetiguey 
3AglV4«iU eib.

Mote; PNTM = Thatcher/Agropyron tranalocatioa//4*Heron
'.' ® •• ' . .

Source: Derived fro* Feme et al. (1976, 1978) and Awtralian Wheat 
Collection Heweletter (varioua iMuea).



Sam-dwarf durum wheat* from the Rockefeller Foundation prograa in 
Mexico were introduced into Australia in 1961 (Pufsley. 1964). After 
crossing with a local variety Dural, the seai-dwarf variety Duramba 
wee released in 1970. This .was the first coamercial release of a 
seai-dwarf-based variety ia Australia, although the very saall sire 
of the Australian durum industry aade its iapact of Minor importance 
on a national scale. However, Abbott (1972) attributed a large 
increase in durua wheat production in 1971-72 to the new variety. 
Mexican Dwarf Durum was also used to produce another durua variety 
Dursti, and in turn Durati was used to produce Kaailaroi. Durua 
wheat reaains a very aaall part of Australia*a total wheat 
production. . •

There were two aain reasons that Australian breeders a*de such 
extensive use of the CBHYT semi-dwarf aateriel in preference to 
aaterial froa the U.S.A. and other sources (J. Fisher, personal 
communication). First, CIMMYT recognised at an early mtage the 
benefits of semi-dwarfs and the eaphasis on adaptability and 
earlineas resulted in aany CIM4VT lines performing well in 
Australia. Second, the CIMMYT international nurseries aade it 
for breeders to obtain thia aaterial.

1.5 Aim of This Study

The aim of this atudy was to examine the adoption of the CDMYT- 
based varieties and other' seei-dwarfs in Australia and to determine 
the impact that theme varieties have had on the Australian wheat 
industry. In particular the aim was to quantify the iapact of; these 
varieties on the value of wheat production in Australia. Sufficient 
data are available to examine the impact of CDMYT arterial on 
Australian wheat production up to 1963.

1.6 Outline of the Study
! ,'"

In Section 2, the adoption of CDWT-based and other semi-dwarf 
varieties in Australia ia examined. In Section 3, the advantages of 
these wheats in terms of yield, quality and disease reactions are 
discussed, and in Section 4 an examination is made of changes in 
other inputs. An analysis of the impact of CI!*ffT-based varieties in 
Australia is carried out in Section 5, and on attempt is made to 
partition the contribution made to these varieties in Section 6.

\r 
\l

8



2. ADOPTION OF CUMYT-BASBD AND SBMI-DHARF VARIETIES IN AUSTRALIA 

2.1 Delay in Adoption

In comparison with other countries, the initial release and adoption 
of sami-dwarf wheats was delayed in Australia, partly by the 
industry'a requireaehts that the wheats be white and of good Billing 
quality, and partly because soae local varieties were already 
relatively short and high-yielding (Syae and Pugsley, 1975). Not 
until 1974 did limited seed supplies of seau-dwarf varieties becoae 
available to cosstercial (rowers in Australia. In 1975, Condor, 
Egret, Ox ley and Kite became significant varieties in the eastern 
and southern Australian wheat-growing areas.

In the period 1963-1981, no original CDMYT lines were released 
directly for coasjercial production in Australia. The variety 
Millewa, registered in 1979, was the first direct selection froa 
CDMYT lines to be released for coaster cial production.', All other 
introduction* had to be crossed (or back-crossed), with other wheats 
.(often other CDMYT lines) before coaaercial varieties were * 
produced. This need to undertake further crossing with the CDMYT 
material delayed the release of this aaterial to Australian faners. 
The release of Hartog in 1982 was the first instance of a line fro* 
the CDMYT program being directly released for coamercial 
cultivation in Australia without further selection. Cranbrook 
(released 1984) is the second CDMYT line to be so released. .,: .

This general need for further crossing Bakes.this study a little 
ambiguous in that other improvements were often aade at the «aae 
tine. In this study, all varieties with CIHMYT lines in their 
parentage are considered aa CDMYT-based varieties (CBVs), even if 
the CDMYT input was saall. The relative contributions of CltMYT and 
other breeding program to these varietiea is quantified in Section 
6. c '

2.2 Total Seai-Dwarf Area

The adoption of teal-dwarf wheats in Australia is shown in Table 3. 
Froa the tiae of release in 1973, the adoption of the seai-dwarf 
varieties was rapid. By 1976, over 1.5 Million hectares were sown to 
seai-dwarfs, over 1.2 ail lion hectares of which were CBVs. By 1983 
the area of seai-dwarf s had reached over 6.8 ail lion hectares, or 53 
per cent of total Australian wheat area. Of these seal-dwarf wheats, 
5.8 aillion hectares (45 per cent of total wheat area) were CBVs.

2.3 Adoption by Variety

The adoption of individual seal-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 recoaaended for dryland as well as 
for irrigation). Songlen, the first preaiusr-quallty seai-dwarf 
wheat, was adopted rapidly after its release in 1975. Later releases 
have been adopted more slowly, with the notable exception of Banks.



Table 3: Area Sown to Seai-Dwarf and Standard Nheata. Australia 

Season ________Seai-Dwarfs_________ Other (a) Total

cnMYT-based'

1974-75
1975-76
1976-77
1977-78
1978-79
1979-80
1980-81
1981-82
1982-83
19B3-84(p)

000 ha

91
481

1,287
2,539
3,122
4,237
4,607
5,096
5,059
5,892

ft

1.1
5.6

14.2
27.1
30.2
37.7
40.3
42.5
43.0
45.3

Other

000 ha *

28
103
278
389
399
515
624
716
708
992

0.3
1.2
3.1
4.2
3.9
4.6
5.5
6.0
6.0
7.6

Total Varieties

000 ha

119
584

1,565
2,928
3,521
4,752
5,231
5,812
5,767
6,884

ft

1.4
6.8

17.3
31.2
34.1
42.2
45.7
48.5
49.1
52.9

000 ha

8,288
8,050
7,489
6.442
6,800
6,497
6,205
6.183
5,989
6,133

Wheat Area

000 ha

8,407
8,634
9,054
9,370

10,321
11,249
11,436
11.995
11,756
13,017

a: Includes unspecified varieties, 
p: Preliminary

Source; Australian Bureau of Statistics to 1978-79. Later figures 
estlasted froa 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.
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Table 4; Adoption of Individual Seai-Dwarf Whaata. Australia
(000 hectares)

Variety 1974 1976

Condor 64 371
Egret 27 63
Oxley 2 41
Jabiru
Sonflen
Tiason
Marimba
Shortia
Cook
Warigal
Avocet
Banke
Hi ling
Jacup
MilletM
Bindawarra
Hybrid Titan
Aroona
Sunkota
Bodallin
Canna
Iradu
Flinders
Hartog
Durusis 8 6

TOTAL CPHYT
BASED 91 481

Kite 28 103
Tincurrin
Lance
Harrier

TOTAL OTHER 28 103

1976 1977

930 1335
177 673
168 228

3 5
13 368

19
2

-
2

6 7

1287 2539

278 389

278 389

1978

1276
786
241
6

605
81
10
38
73

6

3122

399
-

399

1979

1296
1348
276
6

600
81
45
205
356

3

1
-

20

4237

471
41
3

515

I960

1258
1623
296

2
523
43
87
196
513
52
7

59
17' -

i4
1

'

17

4607

513
78
33

624

1981

1189
1191
287

1
668
28
88
157
737
103
62
257
96
-
194
13
-;

25

5096

560
101
55

716

1982 ,

930
841
297
-
378

7
95
107
558
209
180
876
156-.•
367
20
-
3
6

-
'-
-
12
1
16

5059

503
122
67
16

708

1983

926
485
348
-

463
5

91
120
717
236
142

1337
81
12

695
34
1

24
47
30
17
5
50
7
19

5892

633
131
68
160

99Z

TOTAL SEMI- 
DWARF 119 584 1565 2928 3521 4752 5231 5812 5767 6884

- not recorded separately

Source: Australian Bureau of Statistics to 1978-79. Later figures 
estimated fro* 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.
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2.4 Adoption bv State

The adoption of seai-dwarfs by State and variety is shown in TuMes 
5 to 9 and illustrated in Figure 2. Semi-dwarfs have been most 
rapidly adopted in New South Wales and Queensland (Tables 5 and 7) 
where, by 1963, about 75 per cent of the wheat area was aown to CBVs 
and over 8f> per cent to all semi-dwarfs. Adoption was slower in 
Victoria and South Australia (Tables 6 and 8), due largely to the 
apparent superiority of Olympic and Halberd in many regions of these 
Statea. Nevertheless, by 1963, seai-dwarfs occupied 65 per cent of 
the wheat area in Victoria (virtually all CBVs) and 52 per cent in 
South Australia (mostly CBVs).

While semi-dwarfa made a large and rapid impact in eastern and 
southern Australia, their contribution in Western Australia has been 
small, reaching only 14 per cent of total wheat area by 19B3 (Table 
9). Of this, only 9 per cent were CBVs. Syme (1963) could find no 
precise explanation why Western Australia's was such an exception, 
although presumably it is related to the combination of aoils and 
cliaate in the Western Australian wheat belt, and possibly to the 
breeding strategies of Western Australian breeders. Byerlee (1963) 
pointed out that a large part of the variation in adoption of semi- 
dwarfs followed rainfall patterns. The use of semi-dwarfs was 
favoured in areas with a higher rainfall and/or longer growing 
season. Byerlee noted that Western Australia is a drier State, where 
even in the better rainfall areas the growing season is shorter than 
in the eastern States. In all States except Victoria, significant 
areas were sown to semi-dwarfs of non-CIMMYT origins, notably Kite 
(Tables 5 to 9). Vi

2.5 Adoption by Wheat Type

Australian wheats are predominantly spring wheats and all are white- 
grained. Of the 38 hard wheats released in Australia between 1973 
and 1984, 36 (or 95 per cent) were semi-dwarfs. Of the 15 soft wheat 
released over the same period, 11 (or 73 per cent) were semi-dwarfs. 
The 3 wheats classified aa winter wheats over this period were 
CIMIYT-based seai-dwarfs, as were the two durum wheats (M. Hackay, 
Australian Wheat Collection, peraonal communication).

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 separate 
data are not collected for individual durum wheats, Duramba and 
Durati became the dominant varieties for the Australian Durum class 
shortly 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 aemi-dwarfs, a large 
proportion are Kite or Kite derivatives, and these are based on the 
original U.S.A. material.

12
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Table 6; Adoption of Seni-Dxarf Wheats. Me* South Wales 
(Percentage of area •own to wont)

1874 1975 1976 1977 1978 1979. 1980 1961 \SK 1983

Variety

CimVT-baaad
Condor
Ifret
Oxley
Jabiru
Songlen
Tin. on
Short in
Cook
Avocet
Banks
Mil leva
Sunkota
Dunnw

2.0 12.1 22.
1.0 2.2 4.

- 0.
0.

' if'- -
V-,

0.3 0.2 0.

5
5
2
1
4

2

26.
11.
0.
0.
10.
0.

4
4
3
2
2
6

0.2

25.
14.
0.
0.
16.
2.
1.
0.

0.

2
7
2
2
8
6
2
3

2

23.9
20.7
0.1
0.1
15.0
2.3
5.3
3.0
-
-
-

0.6

22.7
23.6
0.1

. .
14.0
1.3
5.6
6.8
0.2
0.3
-

0.5

20.6
19.0
0.2

• •

16.8
0.8
4.3
10.0
1.7
2.6
-

0.7

17.5
10.3
0.5
—

10.2
0.2
3.2
9.4
4.4
20.1
0.8
0.2
0.5

12.0
4.2
0.6
-

10.6
0.1
3.1
9.6
2.7
26.0
2.6
1.2
0.5

TOTAL C1MIYT 3.3 14.5 27.9 49.3 61.4 71.0 75.1 76.7 77.3 73.2

Other Sani- 
Dwf

Eite 1.0 2.8 5.8 6.4 5.3 5.2 6.1 6.9 7.4 8.3 
Harrier 0.5 4.0

Total Othar 1.0 2.8 5.8 6.4 5.3 5.2 6.1 6.9 7.9 12.3
___

TOTAL SP»-
DWABF 4.3 17.3 33.7 55.7 66.7 76.2 81.2 83.6 85.2 85.5

- Not recorded aeparately 
.. Leaa than 0.05 per cent

Source: Australian Bureau of Statistics, and Grain Handling'Authority of 
New South Wales.
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Table 6; Adoption of SaaA-D»arf Mheata. Victoria 
(Percentage of area •own to wheat)

1974 1826. 1977 19J8 127J Ifififi l&l 1982 1983

Variety

CMOT-baaed
Coador
Ifrot
Oxlty
Avocot
Banks
Millewe

1.4 12.5 23.2 23.0 19.4 23.1 21.3 18.1 18.4
- 2.1 7.7 11.2 22.1 28.5 23.5 13.6 6.3

- 0.3 0.7 1.8 3.5 3.0 5.5 6.3
0.1 1.9 3.0 2.0
- 0.1 2.5 3.6

0.8 12.3 22.1 28.0
.. ..0.1 0.3

Total CDMYT - 1.4 14.6 31.2 34.9 43.3 56.0 62.1 64.9 64.9

Bito - 0.4 0.3 0.1 0.1

Total Other - • 0.4 0.3 0.1 0.1

TOTAL tBMI-
- 1.4 14.6 31.2 34.9 43.3 56.4 62.4 65.0 65.0

- Not racordod separately 
.. less than 0.05 per cent

Source; Australian lureau of Statiatica and Grain Blevatora Board of 
Victoria.
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Table 7; Adoption of faari-Pwarf Wheats. Queensland 
(Percentage of area sown to wheat)

1974 1975 1976 1977 1978 1979 1980 1981 (19JB2 19B3 

Variety

ClHWT-based
Oxley "0.4 7.0 25.4 33.1 24.9 18.9 13.5 9.9 8.9 10.5
Songlen - - 3.3 10.0 10.7 8.8 8.3 6.8 4.7
Tiason - - - - 0.2 - - - Vi-
Short i» - 2.8 1.6 0.6 0.3 0.1
Cook 0.4 8.8 31.4 39.1 39.7 32.9 32.4
Banks 0.2 6.7 17.3 25.0 24.9
Flinders .. 1.5 4.8
Hartog .. 0.1 0.7

Total CIMIYT 0.4 7.0 25.4 36.8 43.7 64.2 69.7 75.8 75.5 78.1

Total Other
Kite - 0.4 2.9 8.1 8.5 12.4 14.2 12.6 14.3 11.4
Harrier 0.1

Other se»i-
dwajrf - 0.4 2.9 8.1 8.5 12.4 14.2 12.6 14.3 11.5

TOTAL SBMI-
DNARF 0.4 7.4 28.3 44.9 52.2 76.6 83.9 88.4 89.8 89.6

- Not recorded separately 
.. Less than 0.05 per cent

ipurce: Australian Bureau of Statistics, and Stnte Wheat Board 
(Queensland).
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Table 8: Adoption of Seai-Dwarf Wheat  . South Australia 
(Percentage of area aown to wheat)

1974 1975 1976 19J?7 1978 IJTO 1980 1981 1182 1983 

Variety

CIMMYT-baaed
Condor - 1.8 9.5 12.1 12.9 13.6a 12.8. 12.2a 9. la 8.2a
Ifret - 0.1 1.4 2.0 2.2 4.9a 5.3a '3.5a 3.9a 2.3a
Oxley - - 0.2 1.0 3.0 6.Sa 10. 3a 10. 3« lO.Oa 6.3a
Jabiru - - - - ..a O.la ..a ..a ..a
Nariaba .. 0.2 0.8 2.6a 2.Ra 1.2a 0.6n ~0.5a
Cook - - 0.3a 0.4a 0.6a O.Sa 0.3a
Harical - 0.2n 3.6* 7.2a 14.7a 14. 3a
Avocet - O.la O.la ..a
Nillewa - ..a 0.6a 3.4a 4.5u
Bindawarra - O.la 0.9a l.Sa l.'Ba
ArooMi - - ..a 0.2a l.Sa

Total CDMYT - 1.9 11.1 15.3 18.9 28.lVa4.4u 36. 7a 44. On 39. 7 u

Other Saai- ji
Dwarf ' 0

Kite 0.1 2.3 9.2 10.3 11.0 11.3a 12. IB 12.Oa 9.0a 9.2a
Lance 0.2a 2.3a 3.2a 3.5a 2.6a

Total Other 0.1 2.3 9.2 10.3 11.0 ll.Sa 14.4a 15.2a 12.5a 11.8a

TOTAL SEMI-   
DWARF 0.1 4.2 20.3 25.6 29.9 39.6a 4B.8a 51.8a 56:58 51.5n

a Percentage of deliveries to South Australian Co-Operaiive Bulk
Handling Liaited, rather than of area aown. 

- Not recorded separately 
.. Less than 0.05 per cent

Source: Australian Bureau of Statistics and South Australian Co 
operative Bulk Handling Liaited.
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Table 9; A^oftim of taai-Dxarf Wheats, Kestern Australia 
(Percentage of area aoxn to wheat)

1974 1975 1976 1977 1978 1979 I960 1981 1982 1983 

Variety »

CMiVT-baaed
Condor - - - - - 0.1 - - - -
 (rat - - - 1.7 3.8 6.0 5.9 5.4 5.5 3.7
Mariana .. - .' - - 0.2 1.1 1.6 1.8 1.8
Werigsl 0.2 0.2
Hi line - 0.4 2.1 3.2 1.7
Jacup - 0.3
Millet** - 0.4
Bodallin - 0.6
Canna - 0.4
Iradu - 0.1

Total cmirr - - - 1.7 3.8 6.3 7.4 9.1 10.7 9.2

Othar Saai- 
DMarf

Kite - 0.2 0.6 0.8 0.8 0.6 0.7 1.0 
Tincurrin , 1.0 1.8 2.2 2.5 2.8 
Lance 0.2 0.4 0.6

Total Other - - - 0.2 0.6 1.8 2.6 3.0 3.6 4.4

TOTAL SEMI- 
DWARF - - - 1.9 4.4 8.1 10.0 12.1 14.3 13.6

- Not recorded separately 
.. Leas than 0.05 par cent

Source! Australian Buraau of Statistics, Co-Operative Bulk Handling of 
Western Australia.
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Auatralian Soft is predoainantly semi-dwarf. The aost important aoft 
wheats in the period aince 1974 have been the CBVs, Egret and 
Avocet, and the non-CUtfYT aeaii-dwerf, Tincurrin.

For Australian Standard White (ASM), the predominant class of 
Australian wheat, the picture ia aixed. In eastern snd southern 
Austral is, adoption of seai-dwarfs was rspid, and a large aajority 
of ASM wbeet froa these areas ia fro* CBVs. Only the lack of a 
suitable competitor for the early-sown variety Olyapic, and the 
superiority in soae diatricta of the South Australian-bred Halberd, 
prevented ASM wheat froa being alaoet totally froa seai-dwarfa in 
theae Statea. However, Western Australia, the largest producer of 
ASW wheat, has defied the trend and, in aany areas, sami-dwarfa are 
generally inferior to varieties such as Gaaenya. On a national 
basis, therefore, ASW wheat would have the lowest proportion of CBVs 
because of the very low adoption in Western Australia.

2.7 Contribution to Production ,,

There are no data available at a national level on wheat production 
by variety. The only data relate to area sown or to deliveries to 
the Australian Wheat Board. To the extent that seal-dwarfs are 
higher yielding than other varieties, it would be expected that 
their contribution to production would be greater than their 
contribution to area planted (Dalryaple, I960).

Data on deliveries to the Australian Wheat Board by variety nay not 
accurately reflect the aix of wheats in production, since sow 5-10 
per cent of production is normally retained on fans for feed ami 
seed. Also, there aay be •ia-atateasnt of varieties on delivery,' 
especially aince soae dockages and preaiuas are determined on a 
varietal baaia.

Aa a result, no specific estimates of the contribution of CBVs and 
seai-dwarf wheats to Australian production are attempted here. 
However, the analysis of the economic impact of these whests 
(Section 5) ia carried out on the basis of the gross value of 
production.

\<
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3. ADVANTAGES OF CPMYT-IASID VARIETIES 

3.1 Yield* of CIltiYT-iaaed Varieties (CBVe)

Syae and Pufsley (1975) indicated that the yield advantage of WN16 
over the best coaaercial varieties then available in Queensland was 
of the order of 10-30 par cent. They suggested that, since the grain 
sice of MW15 WSJB not large, the high yield potential case froa its 
ability to aet larger mashers of grains per unit area. Syne (1969, 
1970) found that under Australian conditions the yield advantage of 
NN15 and other seai-dwarfs resulted froa increased efficiency of 
grain production relative to vegetetive growth rather than 
resistance to lodging or day-length insensitivity. The reduced - : 
lodging (through reduced plant height) was leas important since 
lodging is not a widespread problea in Australia.

It is necessary to ettiaate the inpect of seai-dwerf varieties with 
soae caution. Although virtually all •eai-dwarfa relsased 
cceaercially in Australia have involved selection froa, or further 
crossing with, CHMYT naterial, other facets of progress in breeding 
have bean incorporated at the sane tiae. Thus, ideally, the study 
should aake a coapsrison between the progress (in yield and quality) 
which has actually occurred in the presence of CDMVT aaterial, and 
that which would have occurred without the CDMYT aaterial.

The nature of the iapact of new varieties is iapcrtent'to the for* 
of analysis to be used. The variety can lead to a perasnent ahift to 
a higher yield potential trend line, with the sane slope, or the 
gsin can be s 'one-off increase that is eroded over tine (Figure 
3). Breeders appear to have Bade regular, though variable, progress 
with yields throughout the past 80-100 yeara (O'Brien, 1982; Reeves, 
Perry and Johnaton, 1984). Thus the yield advance as a reault of the 
use of ClftWT lines should be discounted for the progress that could 
have been expected in the absence of this asterial. The question is 
whether the CDtfYT aaterial allowed aerely s once-snd-for-all juap 
in yields that will be eroded over tine, or whether it allowed s 
quantUBI leap froa which progress can be expected to continue. While 
the latter would be aoet likely, it sppears that in the decade since 
the release of Condor, Egret and Oxley, only alow progress has been 
aade with yields, although there has been iaproved disease 
resistance. There say be a case for discounting soae of the yield 
progress over tiae because of the erosion of that advantage. The 
theory of cycles in resesrch productivity (Evenaon and Kislev, 1975) 
would, if correct, have considerable bearing on the likely rate of 
progress with and without the new aaterial froa the CDMYT program.

Nevertheless, the analysis used here is besed on the proposition 
that the seai-dwarf varieties have led to e pemanent upward shift 
in yield potential (that is, A rather than B in Figure 3). Given 
that this is the case, the iaportsnt question is the sice of that 
upward shift.

Relative yields will vary with different environaentsl conditions. 
An ideal study of this kind would be disaggregated into relatively
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•awll geographical areas, to allow for differences within States. 
However, for simplicity, this study disaggregates only on a State 
basis, and the results are qualified to thia extent.

Aa there are no reliable data on yields of individual varieties at 
the fars) level, the.only Method of eatiaating the relative yields of 
CBVa is to use trial results. Many yield trials have been conducted 
in which aeai-dwarfa have been compared with standard varieties. For 
exaaple, Martin (1981) demonstrated the yield advantage of aeni- 
dwarf wheats in central and southern New South Wales (see Figure 4). 
Fro* theae data, an approximate yield advantage of 10 per cent could 
be deduced for the CBVs over the leading non-CItMYT varietiea, Kite 
and Halberd. In a series of triala at Nagga Wagga (<3. Murray, 
personal coasninication), the semi-dwarfs were shown to have clear 
yield advantages over standard cultivars. However, the advantage of 
CBVs over Kite was less evident, aince the yield of Kite was found 
to be not significantly below Condor and Egret in theae trials. An 
estimate of the yield advantages of CBVa in Victoria car.1 be obtained 
from O'Brien (1982), where a yield advantage of approximately 10 per 
cent was agais evident. Reeves, Perry and Johnston (1984) have 
provided some information on yields in Western Australia, where 
varieties with CDttYT backfrounds (Egret, Warimba and Miling) 
appeared to have no overall yield advantage. Only with the release 
of Bodallin in 1982 did CItMYT-derived material produce a generally 
higher-yielding variety, and even then it was still below the yield 
level of the non-CIMWT meBi-dwarf Tincurrin. No mimilar data have 
been])located for other parts of the Australian wheat belt.

The use of theae results for each State requires the compilation of 
results from trials in all parts of the wheat belt over a mnaber of 
years. The greatest difficulty with thia approach is that the 
varieties included in the trials vary from) mite to site, aa well as 
from year to year. Although a procedure auch as modified joint 
regression (Digby, 1979) could be useful, the results would atill be 
subject to variation due to the differences in the varietiea grown 
?ri 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 varieties, in each of the 
mainland States in two successive years; the first generally at one 
site in each State, and the second at several sitea 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, triala 
with the previous year'a group ('year 2'). Aa 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.

However, there are a number of difficulties associated with using 
these results to draw inferencea about the contribution of new 
varieties to improved yields on farms. Trial yields are measured at 
limited locations and, because they are drawn frosi a snail 
geographical area, the results may not be widely applicable. Also, 
where they are aggregated over a wide range of environments they may 
understate the gains; for exasple, 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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Source: Re-drawn from Martin (1981).
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many varietiea in southern N.S.W.; another aay be similarly superior 
"in the south and inferior in the north. If these varieties are 
included in trials over all of N.S.N., the net result may be a yield 
gain of lass than 5 per cent for each, whereas the true impact may 
be that each in its optimum region has a yield advantage of 10 per 
cent. Thus averaging across sites leads to a likely underestimate of 
tha yield superiority of the new varieties. The data from O'Brien 
(1962) and Reeves, Perry and Johnston (1984) also suffer in this 
way.

In addition, these yielda are based, necessarily, on experiments. 
Davidson and Martin (1965) have shown that yields on farms do not 
equal yields in experiments. The present analysis implies that a 
given percentage increaae in experimental yields is reflected by the 
same percentage increase in far* yields.

The yield comparison required between CBVa and other varieties ia 
not between the CBVs released mince the mid-1970s and the earlier 
non-CIMMYT wheats, but between CBVs and what would have been the 
yields if CBVm had not been available. Interstate Wheat Variety 
Trials allow a compariaon to be made between the yields of the most 
advanced lines of CBVs, other memi-dwarf and standard lines. Thus 
the overall yield advantage of CBVs can be estimated for each State. 
It im assumed that the yield advantage revealed in these trials is 
the same inherent advantage which CI!MYT-faased material released to 
growers could expect to have over the non-CIHWT material which 
would have been released if tha CVMYT-based material had not been 
available. Thia involves the assumption that, had the C1M4YT 
material not been available, and thus resources devoted to breeding 
CDMYT material released.for use in breeding standard lines, there 
would have been no increased rate of improvement 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 in 
detailed in Appendix A. The pedigree of each line was examined and, 
from ita parentage, it was classified as 'ClfMYT-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 
CttMYT-based and semi-dwarf varieties as a group rather the possible 
advantages of one particular variety, since farmers in any State 
grow a six of varieties and do not rely on only one variety.
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Tht overall yield advantages Mere calculated u • weighted average 
of thMa annual figures (Table 10). The advantage of CIlMYT-based 
varieties over Don-CntfYT ones was 7.1 per cent3 . There was wide 
variability batNaan States: the advantage of CBVa was 9.0 per cent 
for Haw South Wales, 9.2 per cent for Queensland, 8.1 per cent for 
Victoria* 6.1 par cent for South Australia and 2.7 per cent for 
Western Australia. The ranking of these Bean yield increases by 
State ia generally in line with the rate of adoption of CIVs in each 
State.

As sentioned earlier, thia study ia aoaewhat asbiguoue, aa there 
were other aourcaa of seai-dwarf fence beaidea those obtained froa 
CDMVT awterial, and the need for crossing with better-adapted lines 
•want that other character iatica were alao incorporated at the ease 
tias. IB order to exaaine the iapact of seai-dwarfa as a group, the 
analysis wae repeated coaparing all aeal-dwarfe (that ia CBVa and 
other seai-dwarfs) with standard varieties. The weighted average of 
CDMVT-baaed and other se»i-oVarf lines waa coapared with the yield 
of standard varieties froaj the Interstate Wheat Variety Trials. The 
results are shown in Table 10. The overall yield advantage of aasi- 
dwarfs waa 8.6 per cent. In all States the yield advantages are 
higher than for CDMYT-baaed lines alone: 12.9 per cent for 
Queensland, 10.2 par cant for Victoria, 9.4 per cent for New South 
Walea, 8.0 per cant for South Australia and 5.5 per cant for Western 
Australia.

3.2 AT Cluuttfaa Due to CBVi

It is possible that the wide adaptability of the Bead-dwarfs, 
especially the WM15 derivatives, has been a contributing factor in 
the rapid increase in the area sown to wheat in Australia in recent 
years. There ia no direct evidence on this question, although it is 
likely that any general yield increase would have ae.de wheat a 
relatively sore profitable enterprise for faraera, coapared to 
alternative enterprises. However, while the wheat area has increased 
in ail States, the greatest increases since the early 1970s have 
taken place in Western Australia, where seaii-dwarfs have had a 
•iniaal effect. Thus, it ia unlikely that any aajor contribution to 
the changes in area, over and above the yield increases, can be 
identified and quantified in a study such aa this.

3.3 Quality of CBVs

Because of the insistence of the Australian wheat industry on white 
wheats, the aajor defect of NH15 for coaaercial use was its red 
grain colour. However, Sys>e and Pugsley (1975)' indicated that it was 
also 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 NN15 was unsuitable for biscuits. However, it had 
a very high Billing yield and test weight.

In year 1 (or series A) of the trials, a CBV was the overall 
leading variety! in each year of trials froa 1975 to 1982. In 
year 2 (or series B), the overall leading variety was a CBV in 
all years except 1977 and 1979, when an 'other seai-dwerf' line 
was highest-yielding.
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Table 10! Yield Coaparisons froa Interstate Whest Variety Trials(s)
1975 to 1982

___Percentage yield advantage ef:___ ___
CIlMYT-based lines ovsr 

noB-CMITT-bsssd linss
Ssai-dMsrf linss(b) 
over non-seai-dwsrfs

New South Wales

Victoris

Queensland

South Australia

Nsstern Australia

*

9.0

8.1

9.2

6.1

2.7

*

9.4

10.2

12.9

8.0

5.5

AUSTRALIA 7.1 8.6

s: Rssults froa Interstate Wheat Vsriety Trials, seriaa A and B. fre 
1975 to 1982. Results shown are weighted averages of A and B aeriss 
results, weighted by the nuaber of entries, 
b: Includes CDMrT-bassd lines.

Source; Cslculatsd frea analysis described in text.
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Marshall. Illison and Mares (1984) indicstad that a aajor reason for 
the iaprovsBent in Billing quality in Australian wheats in recent years 
can be traced to WW16, which geve a high flour yield when Billed. WW15 
passed this charactsristic on to derivatives such as Cook, Condor and 
Banks. Marahall, Illison and Nsres attributed Buch of this isproveaent 
in Billing yield to iaprovenent in the ease of separation in Billing 
rather than any increase in the proportion of endoepern in the grsin. 
Syas, law and Reea (1980, p.42) had previously noted the outstanding 
Billing quality of Cook:

"The combination of high flour yield with lew flour colour 
suggeata that it has better Billing quality than all other 
Australian varieties."

With respect to dough quality, sone of the progeny of WN15 have been 
the subject of BOBS controversy. While varieties such SB Cook have SOBC 
outatanding 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 infertile Australian 
 oils, and the dough was then found to be of inadequate quality for 
Bany end-uses at low protein levels. Curtia (1982, p. 16) stated that 
'aany reseerchers have reported an apparent link between dwarf ing genes 
and a reduction in protein content*.

Of the original Australian CBVs, Condor was Boat accepteble as a 
Boderately hard wheat with high Billing extraction, excellent baking 
quality and good protein content (Syne and Pugsley, 1975). On the other 
hand, the quality of the aoft Billing wheat Egret caused considerable 
concern for bakera as dough aade froa this variety lacks extensibility 
(tfrigley and Rsthjen, 1981). Igret was initially released as a soft ' 
biscuit-wheat for the relatively snail irrigated areas of southern New 
South Males. It was later recoBBended for dryland cultivation following 
evidence of its yield potent isl and in order to amintain a balance of 
wheat types in the ASW clasa in southern N.S.W. Following this change 
in racoBBendation, Egret has since bean regarded as of inferior quality 
for ASW, and the Australian Wheat Board has applied a dockage to it 
since 1982 (that is, growers delivering Igret have received a price 
lower than ASH). Oxley was accepted aa Priae Hard in Queensland, but 
was initially considered to be too hard at lower protein levels for 
ASW, causing difficulties for SOBC end-uses. However, as the aarketa 
have changed and the overall hardneas of ASM has increased in recent 
yesrs, Oxley is now considered an acceptable ASW-type for Victoria and 
southern New South Wales.

Another NW15 derivative was the line with winter habit, WW33G, 
developed by Dr Pugaley. It was rejected for coaaercial 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 wheata with winter habit became available to growera in 
Australia, with the release of Ouarrion, Oaprey and King, in 1983.

Thus, the oversll iapact of CBVs on the quality of Australian wheat has 
been nixed. While Bany lines have led to quality iaproveaent a, others 
have cauaed difficulties because their dough properties were judged to 
be unsuitable for the ASW category.
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3.4 laoact of CBVs on Pi 

3.4.1 ttsai rust and leaf mat

Because of the importance of the wheat diseases stea rust (Puccinia 
traninia) and leaf rust (Puccinia recondite) in Australia, all present 
Australian variatiaa have ha«n selected in the presence of these 
diaeasaa. All eastern State variatiea need aoae resietance to these 
diseases. However, nany variatiaa frown in aouthern and Western 
Auatralia do not have a high level of resistance to these diseases. 
While the breeding of ate* rust raaiatant cultivars ia not technically 
difficult, the problea is Bade conplex by the constant change* and 
•utationa that take place in the mat pathogens. Many cultivars 
originally resistant to IUMMD strains of the disease have since becone 
auaceptibla to newar strains.

Much of the seai-dwarf aaterisl introduced froa the CltMYT progr 
resistance to Australian races of ataa and laaf rust. For exaaple, MflS 
had resistance to most Australian races of ataa rust, and had nixed 
reaction to leaf mat (Sysa and Pugalay, 1975). It appears that the 
ClttfYT aaterisl ha* contributed a broader background of durable 
resistance genes to Australian varieties (R.A. Nclntoah, personal 

lication).

3.4.2 Stripe rust

Since stripe (or yellow) mat of wheat (Puccinia striiforais) was firat 
recorded in Auatralia only in 1979, current coaaercial Australian 
variatiea have been selected in the absence of this disease. The 
introduction fron CDMYT of seai-dwarf naterial which had been 
selected for stripe rust resistance led to the fortuitous incorporation 
of stripe mat resistance in aany varieties (C. fellings, personal 
coasmnication). This bad particular iapact in Queensland and N.S.H. 
where, due to the heavier reliance of these States on CBVs, the 
resistance of cultivars to thia disease ia greatest.

However, research is now allowing that the major genes for stripe rust 
resistance found in CDMYT natarial are relatively few and can be 
quickly overcose by nutation in the pathogen. Overseas workers have 
auggested that aosw CBHYT lines such as Anza (that is, WW15) have 
durable resistance (Johnson, 1983), and this character Bay have been 
transferred to Australian varieties auch as Condor, Cook and Banks.

The introduction of dwarfing genes through CltMYT geraplasB has thus 
resulted in the chance introduction of stripe rust resistances, sone of 
which nay be acre useful and long-lasting than others (C. Wellings, 
personal coaaunication).

3.4.3 Septoria diaeases

There are two septoria diseases of agricultural significance in 
Australia: septoria tritici blotch (STB) (Mycosphaerella grasunicola). 
which is nost important in the south-eastern Statea; and septoria 
nodorun blotch (SNB) (Leptoaphaeria nodorun), which has been iaportant 
in Western Australia.
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Ihortar-atrawad whoata art aora proa* to daaafo froa thaaa dii 
bacauaa of wattar condition* in tat danaar crop canopy (B. Ballantyao, 
paraoaal coaaunication). Bowavar, cartaln of the aaai-dwarf whoata, 
auch aa telay. Cook, Bankt, Nillawa, Aroana and Bartof, nava partial 
81B raaiatanoa. Ibarafora, aany of tko Auatralian awi-dwarf variation 
hava aad bottar in raaiotanc* than tb» variatiaa tbty bava raplacad. 
No vary suaeaptibla «baat variatioa hava bate ralaasod in tba aaatarn 
Stataa aiaco tba Mai-dwarfa caa» into proainenca (I. Ballaatyao, 

licatian). Ibua, tao laval of reaiataaea ta tn baa 
doapito taa aaortar-atnMad vlwato baiag laterally aera 

proaa to tb» diaoaao.

taara bat ao.far baas littla iavact on BBB tarough tat CDMVT aaterial, 
 iaoa thia diaaaao ia ooly iaportant in Maatara Aoatralia whara tha 
CBVa aavt aada tba aaallaat iapact. Bowa^or, liaaa with 1MB raaiatance 
ara baiaf avaluatad.

3.4.4

COMTT liaai aucfa a* NW15 providad a aaaful aoaroa of raaiataaea to 
larlay Tallaw Dwarf finia, a diaaaM of aatantial importanc* in 
aoatbara ports of Aaatralia. Biailarly. CMflfT aatariala can iatroduca 
lawful roaittaawo to atkar diaaaaoa aat at proa oat ia auatralia, aiaco 
tba liaaa ara likaly to hava boon aalactad ia taair
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4. CHANGES IN OTHBB INPUTS

There are many other inputa in wheat production apart fro* the 
varieties frown. Ideally, the approach used should take account of the 
effects of changes in inputs such as rainfall, fertilisers, herbicides 
and tillage methods, and the effects of interactions between these 
inputs and the varieties used. This is discussed more fully in Irennan 
(1984) where it ia argued that a complete evaluation of the 
contribution of new varieties should involve some account of change* in 
other inputs, perhaps by using a regional production function.

The aggregated nature of thia study makes this approach difficult. It 
requires the development of s rainfall measure for each State, and the 
large geographical differences within States mean that such a measure 
•ay not be sufficiently precise to be useful. Also, the production 
function approach requires detailed data on the use of inputs such ma 
fertilisers and herbicides on wheat farms in each State. Such detailed 
data are not generally available for wheat fans.

There are some data specific to wheat crops on the fertilisers applied 
and the area of wheat fertilised (see Tables 11 and 12). Since 1973-74, 
even though there has been an increase in the area of wheat fertilised 
(Table 11), the proportion of the crop that ham been fertilised ham 
changed little. Similarly, although the amount of muperphoepbate 
on wheat crops hmm increased since 1976-77, the average rat*-per 
hectare has changed little over that period (except for a sharp decline 
in 1984). The amount of other (including mixed and nitrogenous) 
fertilisers applied to wheat has increased rapidly mince 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 increase in 
the rate of fertilisers applied to wheat crops. As there hmm been 
little change in the fertiliser input per hectare in the Stmtes ia 
which semi-dwarf a have made a significant impact since the m)id-1970m, 
this suggests that little would be lost in this analysis by ignoring 
the interaction between fertiliser snd varieties at the aggregated 
level.



Tabla 11; Area of Wheat and ATM Fertilised. Australim

Season Area MMQ

000

Area 
fertilised

000 ha

Araa
unfertilised

000 ha

Percentage 
fertilised

1873-74
1874-75
1975-76
1976-77
1977-78
1978-79
1879-80
1983-81
1981-82
1982-83
1983-84

8.948
8.308
8,565
8,966
9.955

10.249
11.153
11.283
11.886
11.546
12.931

7,147
6,358
6,276
6,745
7,827
6,004
8,607
8,723
9,361
9,299
9,672

1.801
1.960
2.279
2.211
2,128
2.245
2.645
2.660
2,524
2.247
3,259

80
77

V.x 73'.   '

" \ 75
. V 79

78
77
77
79
81
75

Industries Assistance Cflaviaaion (1982), and Australian 
of Statiatica 7411.0 (1985), and previous issues.
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Tibia 12: Uee of Fertilieer on Mheet. Auetrelie

Season Quentitv used (OOP t.)____ Quantity per hectare eown (kg) 

____ Superphoephete Other Fertilieere(b) Superphoephste Other Totel

1973-74
1974-75
1975-76
1976-77
1977-78
1978-79
1979-80
1980-81
1961-82
1982-83
1983-84

804(e)
728(e)
666(e)
615
635
634
716
756
801
777
721

88
105
120
161
213
213
258
238
254
305
333

90(.)
88(e)
78(e)
69
64
62
64
67
67
67
65

10
12
14
18
23
21
23
21
21
26
26

96
99
91
86
91
82
87
87
88
92
81

a: All euperpboephete reduced to 'single super equivelent'. In leter 
year*, double end triple euperpboephete are not converted to single 
super equivalent.

b: Includes coapouDde and •ixturas contsining pbospbonis.

Source: Industries Assistance Cosaissioo (1982), Australian Bureau of 
Statietics 7411.0 (1984).
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6. ANALYSIS OF IMPACT OF CIMMYT-BASiP VABliTIES

5.1 Introduction

The measurement of the impact of wheat variety changes on far* yields 
is diacuasad in Irenmn (1964) and the analysis below ia baaed aolely 
OB vmrietal improvement and the proportion of total sowing* accounted 
for by CBVa. Ideally, the iapact on far* yields would be determined in 
conjunction with the impact of other input changes, using regional 
production functions. A measure such am an index of varietal 
iaprovsaent could be uaed to incorporate varietal change in the 
production function. In practice, the lack of data (especially on 
inputa such aa rotations and machinery) and the Halted resources of 
thia study do not allow the use of detailed production functiona.

5.2 Index of Varietal improvement

Given the average yield advantages for each Stats, and the data on 
adoption of the varieties, it is possible to calculate • simplified 
relative yield index or 'index of varietal improvement' (Silvey 1981, 
Brennan 1964). Thia index combines the yields obtained in triala with 
data on the varieties being grown by farmers, to provide a measure of 
the contribution that new varieties make to increasing wheat yielda.

A modified index of varietal improvement ia calculated am follows: 

lit = 100 + (Vi.pit)/100,

where lit is the index in State i in year t; Vi ia the yield percentage 
advantage of CUMVT-baaed varieties in State i; and pit ia the 
proportion of the area sown to CIMMYT-bassd varieties in State i in 
year t. Note that Vi remains constant 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 CMOT-based varieties in 1979 (pit = 
0.710), the index for 1979 ia 106.39. The index has a base value of 100 
for ell years in which these varieties were not grown in the State.

These indiciea have been calculated for each State for each year froa 
1974 to 1983 (Tablea 13 to 17). and are summarised in Table 18. The 
index increases steadily for each State with the increasing adoption of 
these varietiea. For CBVs, the index increased between 1973 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 

3.6 percent.

A similar index was calculated the semi-dwarfs as a group for each 
State (Tablea 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 
higher. For Australia as a whole, the index increased by 5.0 per cent 
over the period 1973 to 1983.

33



Table 13. Qaina tram CMCTT-iaaed and i-Dwarf Wheats. Hen South Wales

Year
Yield * of 

advantage area

CimVT-lASID

TOTAL(c) -

(*)

Index of Production Oroas iatiasted benefit 
varietal increase value of Currant Constant 

______ production value value 
(*) • (t*») (•*•) ($Aa)b

1974
1975
1976
1977
1978
1979
1980
1981
1982
1983

9.0
9.0
9.0
9.0
9.0
9.0
9.0
9.0
9.0
9.0

3.3
14.5
27.9
49.3
61.4
71.0
75.1
76.7
77.3
73.2

100.30
101.31
102.51
104.44
106.53
106.39
106.76
106.90
106.96
106.59

0.30
1.31
2.51
4.44
5.53
6.39
6.76
6.90
6.96
6.59

420
449
455
382
837
914
436
938
261
1474

1.2
5.8

11.1
16.2
43.8
54.9
27.6
60.6
17.0
91.1

2.9
12.4
20.8
27.8
69.6
79.0
36.4
72.3
18.1
91.1

506.1

ALL

1974
1975
1976
1977
1978
1979
1980
1981
1982
1983

9.
9.
9.
9.
9.
9:
9.
9.
9.
9.

4.3
17.3
33.7
55.7
66.7
76.2
81.2
83.6
86.2
85.5

100.40
101.63
103.17
105.24
106.27
107.16
107.63
107.86
108.01
108.04

0.40
1.63
3.17
5.24
6.27
7.16
7.63
7.86
8.01
8.04

420
449
455
382
837
914
436
938
261

1474

1.7
7.2

14.0
19.0
49.4
61.1
30.9
68.3
19.4

109.7

4.0
15.4
26.3
32.6
78.4
87.9
40.7
81.5
20.8

109.7

TOTAL(c) - 585.1

a: Baae 1973 = 100.0
b: 1983-84 values; deflated by Consumer Price Index.
c: Compounded at real rate of interest of 5 per cent per annual.

Source: Colusn 1, Table 10; coluan 2, Table 5; coluan 3, calculated 
from coluns 1 and 2; coluan 4, derived from coluan 3; coluan 5, 
Australian Bureau of Statistics; coluan 6, derived from coluans 4 and 5; 
coluan 7, derived fro» coluan 6.
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Table 14. Pains tram CIHWT-Based and Se»i-D*arf MheaU. Victoria

Year
Yield * of Index of Production 

advaataft area varietal increase

(«) (*) (*)

Gross Batiasted benefit 
value of Current Constant 
production value value 

($A») (|AB)b

TOTAL(c) -

1974
1975
1976
1977
1978
1979
1980
1981
1982
1983

8.1
8.]
B.]
8.]
8.
8.
8.
8.
8.
8.

L
L 1.4
L 14.6
L 31.2

34.9
43.3
56.0
62.1
64.9
64.9

100.00
100.11
101.18
102.63
102.83
103.51
104.54
105.03
106.26
106.26

0.00
0.11
1.18
2.53
2.83
3.51
4.64
5.03
5.26
5.26

232
163
158
150
394
501
409
392
68

649

^

0.2
1.9
3.7

10.8
17.0
17.7
18.8
3.4

32.4

.
0.4
3.5

  6.4
17.2
24.4
23.4
22.4
3.6

32.4

153.8

1974
1975
1976
1977
1978
1979
1980
1981
1982
1983

10.2
10.2
10.2
10.2
10.2
10.2
10.2
10.2
10.2
10.2

-
,1.4
14.6
31.2
34.9
43.3
56.4
62.4
65.0
65.0

100.00
100.14
101.49
103.18
103.56
104.42
105.75
106.36
106.63
106.63

0.00
0.14
1.49
3.18
3.56
4.42
5.75
6.36
6.63
6.63

232
163
158
150
394
501
409
392
68

649

-
0.2
2.3
4.6

13.5
21.2
22.3
23.5
4.2

40.4

'

0.5
4.4
8.0

21.5
30.5
29.3
28.0
4.5

40.4

TOTAL(c) - 192.0

a: Baae 1973 = 100.0
b: 1983-84 values; deflated by Consumer Price Index.
c: Compounded at real rate of interest of 5 per cent per annual.

Source: Colvsjn 1, Table 10; coluan 2. Table 6; coluan 3, calculated fro* 
coluans 1 and 2; coluan 4, derived froai coluan 3; coluan 5, Australian 
Bureau of Statistics; coluan 6, derived fro» coluans 4 and 5; coluan 7, 
derived from coluan 6.
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Table IS. Qaina tram CMtJVT-Baaed and Semi-Dnarf Mheata. Queensland

Yield * of Index of Production 
Year advantage area varietal increaae

TOTAKcl -

Grosa Batiaated benefit 
value of Currant Comtant 
production value value

<*> (*) .  («) ($*») ($*»> (tsm)b

Clttm-BASBD

1974
1975
1976
1977
1978
1979
I960
1981
1982
1983

9.2
9.2
9.2
9.2
9.2
9.2
9.2
9.2
9.2
9.2

0.4
7.0

25.4
36.8
43.7
64.2
69.7
75.8
75.5
78.1

100.04
100.64
102.34
103.39
104.02
105.91
106.41
106.97
106.95
107.19

0.04
0.64
2.34
3.39
4.02
5.91
6.41
6.97

/'/' 6.96
7.19

79
94
73
69

252
134
77

236
134
314

0.0
0.6
1.7
1.9
9.7
7.5
4.6

15.4
8.7

21.1

0.1
1.3
3.1
3.3

15.5
10.8
6.1

18.4
9.3

21.1

102.1

ALL 8BMI-DNABI8

1974
1975
1976
1977
1978
1979
1980
1981
1982
1983

12.9
12.9
12.9
12.9
12.9
12.9
12.9
12.9
12.9
12.9

0.4
7.4

28.3
44.9
52.2
76.6
83.9
88.4
89.8
89.6

100.05
100.96
103.65
105.79
106.73
109.88
110.82
111.40
111.58
111.66

0.05
0.95
3.65
5.79
6.73
9.88

10.82
11.40
11.58
11.56

79
94
73
59

262
134
77

236
134
314

0.0
0.9
2.6
3.2

15.9
12.1
7.5

24.2
13.9
32.5

0.1
1.9
4.8
5.6

25.2
17.3
9.9

28.8
14.9
32.5

TOTAL(c) - 161.9

a: Base 1973 = 100.0 - ^ '
b: 1983-84 valuea; deflated by Consumer Price Index.
c: Compounded at reel rate of interest of 5 per cent per

Source: Column 1, Table 10; column 2, Table 7; column 3, calculated fro* 
columns 1 and 2; column 4, derived from column 3; column 5, Australian 
Bureau of Statistic*; column 6, derived fro* columns 4 and 5; column 7, 
derived froa column 6.
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Tabla 16. Gains tram CMWT-Based and Seai-Pwarf Wheats. South Australia

Year
Yield * of 

advantage area

<*)

CimVT-BASED

TQTsl(c) -

Index of Production 
varietal increaae 
iaprovesent ______ 

<*> a (*)

Gross Kstiaated benefit 
value of Current Constant 
production value value 

($A») ($Aa) ($A»)b

1974
1975
1976
1977
1978
1979
1980
1981
1962
1983

6.1
6.1
6.1
6.1
6.1
6.1
6.1
6.1
6.1
6.1

-
1.9

11.1
15.3
18.9
28.1
34.4
36.7
44.0
39.7

100.00
100.12
100.68
100.93
101.15
101.71
102.10
102.24
102.68
102.42

0.00
0.12
0.68
0.93
1.15
1.71
2.10
2.24
2.68
2.42

164
118
74
50
265
357
254
270
121
466

-
C.I
0.5
0.5
3.0
6.0
5.2
5.9
3.7
11.0

-
0.3
0.9
0.8
4.8
8.7
6.9
7.1
3.4
11.0

49.9

ALL SBil-DMABFS

1974
1975
1976
1977
1978
1979
1980
1981
1982
1983

8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0

0.1
4.2

20.3
25.6
29.9
39.6
48.8
51.8
56.5
51.5

100.01
100.34
101.62
102.05
102.39
103.17
103.90
104.14
104.52
104.12

0.01
0.34
1.62
2.05
2.39
3.17
3.90
4.14
4.52
4.12

164
118
74
50

265
357
254
270
121
466

0.0
0.4
1.2
1.6

10.2
11.0
9.5

10.7
5.2

18.4

0.0
0.9
2.2
1.7

16.2
15.8
12.6
12.8
5.6

18.4

TOTAL(c) - 99.6

a: Base 1973 = 100.0
b: 1983-84 values; deflated by Consuser Price Index.
c: Coapounded at real rate of interest of 5 per cent per annum.

Source; Coluan 1, Table 10; coluan 2, Table 8; coluan 3, calculated fro* 
coluans 1 and 2; coluan 4, derived free coluan 3; colusn 5, Australian 
Bureau of Statistic*; coluan 6, derived frost coluans 4 and 5; coluan 7, 
derived froa coluan f.'
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Table 17. Gains frcei CPMYT-Baaed and Seai-Dnarf Mheate. 
Deetern Australia

Yield * of Index of 
Year advantage area varietal 

__ iaproveaent 
(*) (*) •

CttMYT-BASBD

Production Oroaa latinated benefit 
increwe value of Current Conetant 

______ production value value 
<*) ($*•) ($Aa) (M»)b

1974 
1975
1976
1977
1978
1979
1980
1961
1962
1963

2.7 
2.7
2.7
2.7
2.7-
2.7
2.7
2.7
2.7
2.7

_

-
1.7
3.8
6.3
7.4
9.1
10.7
9.2

100.00 
100.00
100.00
100.05
100.10
100.17
100.20
100.25
100.29
100.25

0.00 
0.00
0.00
0.05
0.10
0.17
0.20
0.25
0.29
0.25

361 
427
290
293
647
571
509
763
983
702

—

-
0.1
0.6
1.0
1.5
1.9
2.8
1.7

~

'
0.2
0.9
1.4
2.0
2.2
3.0
1.7

TOTAUc) - 12.7

ALL SBMI-DWARFS

1974 
1975
1976
1977
1978
1979
1980
1981
1982
1983

5.5 
5.5
5.5
5.5
5.5
5.5
5.5
5.5
5.5
5.5

ri

—
1.9
4.4
8.1
10.0
12.1
14.3
13.6

100.00 
100.00
100.00
100.10
100.24
100.45
100.55
100.67
100.79
100.75

0.00 
0.00
0.00
0.10
0.24
0.45
0.55
0.67
0.79
0.75

361 
427
290
293
547
571
509
763
963
702

:-
0.3
1.3
2.5
2.8
5.0
7.7
5.2

—

• -

0.5
2.1
3.6
3.7
6.0
8.2
5.2

TOTAL(c) - 32.S

a: Base 1973 = 100.0
b: 1983-84 values; deflated by Conauaer Price Index.
c: Compounded at real rate of interest of 5 per cent per ennui.

Source: Column 1, Table 10; coluan 2, Table 9; coluan 3, calculated froa 
coluBna 1 and 2; coluan 4, derived froa colunn 3; coluan 5, Australian 
Bureau of Statiatica; coluvn 6, derived froa coluana 4 and 5; coluan 7, 
derived froa coluan 6.
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Year M.S.W. Victoria Queensland S.A. W.A. Auatralia(b) 

CPtffT-iASlD

1974
1976
1976
1977
1978
1979
I960
1981
1982
1983

100.30
101.31
102.61
104.44
106.63
106.39
106.76
106.90
106.96
106.69

100.00
100.11
101.18
102.63
102.83
103.61
104.64
106.03
105.26
105.26

100.04
100.64
102.34
103.39
104.02
105.91
106.41
106.97
106.96
107.19

100.00
100.12
100.68
100.93
101.16
101.71
102.10
102.24
102.68
102.42

100.00
100.00
100.00
100.05
100.10
100.17
100.20
100.25
100.29
100.25

100.10
100.50
101.24
102.16
102.55
103.09
103.33
103.57
103.42
103.64

AIL UMI-MMHfS

1974
1975
1976
1977
1978
1979
I960
1981
1982
1983

 : Ba

100.40
101.63
103.17
105.24
106.27
107.16
107.63
107.86
108.01
108.04

 e 1973 - 100
b: Weighted averag

100.00
100.14
101.49
103.18
103.66
104.42
105.75
106.36
106.63
106.63

.00
e, weighted

100.05
100.95
103.65
105.79
106.73
109.88
110.82
111.40
111.58
111.56

by area

100.01
100.34
101.62
102.05

.102.39
103.17
103.90
104.14
104.62
104.12

 own.

100.00
100.00
100.00
100.10
100.24
100.46
100.56
100.67
100.79
100.75

100.14
100.65
101.68
102.81
103.28
104.00
104.40
104.75
104.61
104.99

Source; Tables 13-17.
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Oodden (1965, 1986) pointed out that relstive yield indexes are a 
biased estimator of genetic improvement unless there ia no interaction 
between the varieties and the level of inputs used. While this is so, a 
brief examination.of input levela in Auatralia (Brennan 1986) showed 
that there was scant evidence of any major changes in input levela for 
wheat production for Australian wheat in the period since the early 
1970s, except in Western Australia (where CBVs were only of minor 
importance). Thus the extent of the possible bias in thia atudy, while 
unknown, ia likely to be relatively small.

On the other hand, if the CBVs ware adopted mainly in the areaa where 
their superiority over other varieties wss greatest, then the index of 
varietal improvement would understate the true contribution of these 
CBVs. Given the other limitations on the precision of this index, it is 
not appropriate to attempt to estimate the sice of this bias. 
Nevertheless, it is a possible further source of bias in the results of 
thia study.

5.3 lecact of CBVs on Gross Value of Production

If it is sssuawd that the new varieties do not interact with changes in 
other inputa (see section 4), the contribution of CBVs to increases in 
the gross value of production (OVP) can be estimated frosj these 
indexes. The estimates are alao baaed on the assumption that 
proportional increases in fara and experiaental yields are the save.

On thia 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 
scans that the OVP 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 estiaated benefits in 
constant 1983-84 dollars, and are summarised in Table 19. After the 
initial saall benefits during the early adoption phase, the annual 
benefita reached $124 Billion in 1979, fell to $37 million in the 
drought-affected season of 1982, and increased to 1157 ail lion in 1983. 
In the period 1974 to 1983, total benefits in 1963-84 dollars 
(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 Billion per year) and South Australia ($5 ail lion per 
year). In Western Australia* the benefits averaged only about $1 
Billion per year.

The benefits froa all semi-dwarfs are alao shown in Table 19. The total 
benefits in 1983-84 dollars (compounded at a 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.
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Whaata. Australia
(tAa) (1983-84 

Yaar M.t.M. Victoria Quaanaland S.A. W.A. Australia

1974 2.9
1975 12.4
1976 20.8
1977 27.8
1978 69.6
1979 79.0
I960 36.4
1981 72.3
1982 18.1
1983 91.1

TOTAK a) 506.1

ALL UMI-WAIVB

-
0.4
3.6
6.4

17.2
24.4
23.4
22.4
3.6

32.4

153.8

0.1
1.3
3.1
3.3

15.5
10.8
6.1

18.4
9.3

21.1

102.1

-
0.3
0.9
0.8
4.8
8.7
6.9
7.1
3.4

11.0

49.9

-
-
-

0.2
0.9
1.4
2.0
2.2
3.0
1.7

12.7

3.0
14.4
28.3
38.6

108.0
124.3
74.8

122.4
37.4

167.3

824.6

1974
1976
1976
1977
1978
1979
1980
1981
1982
1983

4.0
15.4
26.3
32.6
78.4
87.9
40.7
81.5
20.8

109.7

-
0.6
4.4
8.0

21.6
30.6
29.3
28.0
4.6

40.4

0.1
1.9
4.8
6.6

25.2
17.3
9.9

28.8
14.9
32.5

0.0
0.9
2.2
1.7

16.2
15.8
12.6
12.8
6.6

18.4

. 
-
-

0.5
2.1
3.6
3.7
6.0
8.2
6.2

4.1
18.7
37.7
48.4

143.4
155.1
96.2

157.1
\.64.0

206.2

TQTAKa)68S.l 192.0 161.9 99.6 32.6 1071.1
a: Compounded at raal rata of iataraat of 5 par cant par 

Sourea; Tablaa 13-17.
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6.4 Effect of CiVa en Costs

There- in no evidence that costs of wheat production per tincture huvct 
changed with the introduction of CBVn. Apart fro» the purchase of lh« 
initiiil seed of the new varieties, there need be no increase in 
production costs. Seed for subsequent years is generally retained on 
farms frosj the previous harvest. Although semi-dwarf linen are 
generally at their best in the sore fertile environments, the 
uncertainty of adequate rainfall over most of the Australian wheat belt 
makes the adoption of high-input strategies uneconomic.

There is, however, a potential for increased fertiliser requirements, 
because the higher yields Bean that increased amounts of soil nutrients 
per hectare are harvested in the grain, and need to be replaced, at 
least in the long run. The optisus) level of inputs such as fertilisers 
•ay also be higher with the higher-yielding wheats. Nevertheless, there 
does not appear to have been any change in cost per hectare as a direct 
result of the introduction of CBVs or other semi-dwarf material. Of 
course, with higher yields, costs per tonne would be lower if there was 
no change in costs per hectare.

5.5 Effect of CBVs on Prices

Although individual varieties say have suffered some quality defects 
(Section 3.3) and therefore lower prices, other quality aspects of CBVs 
were positive. Thus there appears to be no reason for ssaisuDg that 
CBVs 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 psriod, so it would 
appear that there was no price effect on the domestic market.

It ia possible that the increased production resulting from the semi- 
dwarfs has affected the prices received for Australia's wheat exports. 
If the export market in perfectly elastic (that is, Australia ia n 
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, 197flb, 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 (1978s,b) 
and Longworth and Knopke (1980). To the extent that the market is less 
than perfectly elastic, 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.

5.6 Effect of CBVs on Profitability

From the above discussion, yields have increased but prices and costs 
are assumed not to have changed with the introduction of CBVs.
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Ibaraforo profitability aw tacreand by • froator proportion than the 
froM valae of prodvctioa. Tbo extent of tnio iacroavo dependo on tb» 
lovol of profito without Clfe, and would vary widely between different
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6. PARTITIONING OF CONTRIBUTIONS

The benefit* of the CIV* cennot all be attributed to CHMYT, eince 
of these verietie* heve large input* of geraplasa end breeding,
•valuation and testing resource* froa Australian prograa*. It i* of 
interest to examine the relative contribution of the CDMYT and ' 
Auatralian prograa* to these gain*.

A •iaplified partitioning of CDMYT and non-CDMYT benefit* use* the 
pedigree of each variety (**e Table 2) and allocate* the benefit* for 
each variety according to the origin* of it* parent*. Thu* a variety
•uch aa Aroona, which i* a direct cros* between WN1S and the Australian 
variety laven, ha* SO par cent of it* benefit attributed to CDMYT. A 
variety such aa Condor, the product of a cross between two CDMYT 
line*, i* allocated 100 per cent to CDMYT, even though the croaaing,
•election, evaluation and testing were all carried out in Australia.

For the purpoaea of thie analyaia, a dietinction ia Bade between the 
'fir*t generation' and 'aecond generation' pedigree. In the 'first 
generation', the country of origin of the direct parent line* i* uaed. 
In the 'second generation', rather than the country of origin of the 
parent lines, the 'bloodlines' (and the contribution of CUMYT to those 
line*) are used. In the firat generation, a variety auch aa Osprey (a 
croa* between Condor and MM33B) uaed all Australian aaterial in it* 
parentage and i* considered wholly Australian. In the aecond 
generation, the fact that Condor and NN33I heve 100 per cent CDMYT 
blood4 denote* Oaprey a* 100 per cent COMYT. ID thi* analy*i*. no 
account i* taken of the earlier contribution that ha* been aade to the 
CDMYT aaterial by Auatralian varietiea (*ee footnote 2).

It ia evident that such an allocation will be arbitrary, and can be no
•ore than indicative. Thi* allocation i* likely to understate the 
contribution of Auatralian breedera to the development of aany 
varieties, and overstate their contribution to other*. Nevertheless, 
calculations have been carried out on this basis to provide an 
indication of the contribution of CDMYT to the ispect of CBVs in 
Australia.

The percentage contribution of CHMYT to each variety's pedigree i*
•bown in Table 20. In the first generation, the contribution of CUMYT 
range* froa 0 per cent in varieties such a* Cook, Bank* and Osprey to 
100 per cent for varieties such a* Condor, Oxley, Nillewa and Her tog. 
In the aecond generation, the contribution of CWMYT i* equal to or 
greater than that in the firat generation. The contribution ia greater 
than cero in every variety in the aecond generation aince the liet has 
been restricted to thoae with *o*je CDMYT aaterial in their pedigree*.

4. The tern 'blood* is used for convenience. It ia uaed rather than 
'genes' since there i* no direct knowledge of the genetic 
constitution of these varietiea.
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PorcoatMe of ClttiYT 'flood* la 
Firot QoBorotion

1
100

100

1

6

1 I 

1

(o)

111

. Tho distinction is sjado betwoea tho 'first' 
croo. baaod OB tho orif in of tho paroat liaoa iiMd. 
^fOMration, bosod oo tbo bloodliMo of tho poroat

rivod froB Table 2, with aoaiati tram J. Fieaor.
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r
 y uainf the percentage area aown to each variety in each State, it is 
poaaible to obtain   Mature of the contribution of ClftfYT to the area 
aown in each State in each year (Table 21). This Measure of the 
contribution of CDMYT in the first generation, Wi, is calculated as 
follc

Wl - £ l(X» -Pil ),

where Xt is the proportional contribution of CUMYT to the pedigree of 
variety i, and Pit ia the percentage of the area aown to variety i in 
year t. Cospared with the increasing importance of CDMYT-bssed 
varieties in Australia shown in Table 3, the actual CIIMYT contribution 
in the first generation peaked at 27 per cent in 1980 and has declined 
since. This is illustrated in Figure 5 and Table 21.

This annlytiis of Monetary benefits was re-worked in order to identify 
the CIIMYT contribution to these benefits. This was achieved by using 
this Measure of the contribution to area (Table 21) rather than the 
total proportion of area aown to CBVs in the calculation of the index 
of vnrietal improvement and the estimates of Monetary benefits. The 
results are shown in Table 22. The Monetary value of the CIIMYT 
contribution peaked at 188 Billion in 1979 (in 1983-84 dollars), and 
averaged approximately 66 per cent of the total benefits attributable 
to CBVs over the period 1974 to 1983. The total benefits (compounded at 
a real interest rat* of 5 per cent per aonum) attributable to CIIMYT 
were $654 Million over this period.

Although this simplified analysis is no more than indicative, the 
CIIMYT program appears to have made a substantial direct and indirect 
contribution to Australian wheat production, Mainly through ttw use of 
CIIMYT lines SB parents. Subsequently, the new varieties have been used 
as parents in further Australian-developed varieties.
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Tabla 22; i«nefit» tram CMiYT. iaaed en 
First Q«B«r«tioB Podtlrota

(tta) (1963-84 
lMC_ JLUL Victoria Quaanalaad 8.A. W.A. Australia
L974 2.5 
1975 11.8 (
L97T

J T
,!7I
J M 
1 II
,! 1 1,] i:

> IV.T a 
22.9 i 

1 62.4 11

46*. 3 1 
7.7 ! 

1 31.1 21

.< 

.' 

.1 

.{
• i'.<i. 1
• .
l.i

0.1
i::
3. 

10. < 
4.
1.1 
3.'
l.J

> (i. 3.'

1 0.3 
0.9 
0.8 ( 

> 4.6 < 
7.8 

i 6.1 
i 5.8 
i 2.6r B.I i

— 4

1.2 i
1.7 1 
.0 1 
.4 1 
.3 
.7 

1.0

2.6 
3.8 
7.1 
3.0 
4.1 
6.2 
3.0 
6.6 
6.6 
12.9

tOTAl(«)K6.2 137.2 40.1 42.3 8.1 663.9

•t
louroa; D«riv«d fi

rat* of interest of 5 per cwt par 
M 13-17 and 21.
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I
7. 8.1MMARY AWD CONCISIONS

The CIMMYT wheat breeding programi in Mexico has led to large increases 
in wheat yields in many countries throughout the world. Australia hss 
been importing Material fros thia program and ita precursor, ths 
Rockefeller Foundation program, since the 1960s. Several important 
Australian varietiea have been based on the materiel imported from ,, 
these programs. Their major feature is their asmi-dwarf nature, based ,. 
on the dominant seai-dwarfiag genes Rjitl or Rht2.

The majority of varietiea released aince 1973 have been sesi-dMarfs. ; • 
Although not all of these have obtained their semi-dwarf habit through 
the Mexican program, the contribution of the Mexican programi to the 
Australian wheat industry has been substantial.

CIMMYT-based varietiea occupy almost half of tha total ares sown to 
wheat in Australia. All eastern Ststes have a aajority of their are* 
devoted to CIMMYT-based varieties, and South Australia has over 40 par 
cent of ita area. These varieties have made only a aaall contribution 
in Western Auatralia.

An examination of Interstate Wheat Variety Trial yield data baa
revealed that CIMMYT-based varieties have a yield advantage over non- o
CDMYT-baaed varieties of 7 par cent in the perioti 1976 to 1982. The
yield advantage was found to vary from 3 per cent in Western Australia
to 9 per cent in Queensland and New South Wales. r ,

Using these data and data on Nbeat varietiea grown by farsjsrs in each 
State, an 'index of varietal improvement' was constructed to indicate 
the contribution of the CIMMYT-based varieties to increased production 
in Australia. The contribution averaged 3.6 per cent in 1983, and 
varied from 0.3 per cent in Western Australia to 7.2 per cant in 
Queensland.

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

An attempt has been made to apportion the contribution of the CIMMYT 
and Australian wheat breeding programs to these CIMMYT-based varietiea, 
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 material. Froa these estimates, 
the importance of the CIMMYT program is evident.

The CIMMYT wheat breeding programi in Mexico has Bade an outstanding 
contribution to the Australian wheat industry. While there have been 
few varieties imported directly for commercial production in Australia, 
Material froa this programi has Made a vital contribution to Australian
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nhoot brtodiaf. tfco valut of intoraotioMl co-operation in agricultural 
roooarek im clNrly dwowtr«t*d by this Molyoit of th. l«oet of 
CDMVT Aonts OB Auotralion production.
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APPENDIX A 

CALCULATION OF TIILD ADVANTAGE FROM INTERSTATE WHEAT VARIETY TRIALS

Results of the Interstate Wheat Variety Trials fro* 1975 to 1982 (Series 
6 to 12. year 1, and Series 5 to 11, year 2) were exaained. The pedigree 
of each line in these trials was examined, and the lines were classified

(a) CDMYT-based lines,
(b) Non-CDMYT saai-dwarf lines, or
(c) Non-seai-dwarf lines.

Mean yields for each category

The yiald of CIMNT-based line j at site i in year t is designated as 
ycui. Siailarly. the yield of other aeai-dwarf line J at aite i in year 
t is y»iit, sad the yield of non-eeai-dwarf line j at site i in year t 
is y»ut.

If ait is the matter of CltMYT-based Unas at site i in year t, than the 
Bean yiald of the CDMYT-bssed lines at that aite in that year (VCit) 
was calculated aa

YCit

Siailarly. the 
of the ait

)/Bit.
• .(.> v - •

yield of the ait other seai-dwarf lines (YSit) and 
i-dwarf lines (YNit) wara calculated as

YSit = (£j.yiut)/8it, and 

YNit = (^ i .yum )/mt. 

The total nuaber of lines at site i in year t, pit, is given by:

Pit - Bit + Sit + nil.

For soa* purposes, the Bean yield of all non-CHMYT lines (YQit) was 
required, while for other purposes the Bean yield of all aeai-dwarf 
lines (YRit) waa required, where 0 is used to designate 'non-CMfYT' 
and R ia used to designate 'seai-dwarf of any origin*. These were 
calculated as follows

YQit - (sit.YSit + mt.YNit)/(sit +nit), and 

YRit = (ait.YCit + ait.YSit)/(Bit +Sit).

Annual aite yield advantage for each irouo of lines

The yield advantage at each site for each year waa then calculated froa 
these aean yields. Thus, for exaaple, the yield advantage of CIMMYT- 
based lines over non-CUMYT-based lines at site i in year t (Ac/oit) was 
calculated as

Ac/oit = (YCit - YQit)/YQit.

Siailarly, the yield advantage of all 
lines (An/nit) was calculated as

\\ 
i-'-dwarf over non-seai-dwarf

An/nit = (YRit - YNit)/YNit.
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1
Overall aite yield advantage

The overall yield advantage at each aite for all yeara in which the 
triala were held at that aite waa calculated fro* theae annual yield 
advantage!: The overall yield advantage* at site i were calculated aa:

Ac/oi = (&'t(pit.Ac/*it)]//;t(pu), and

An/Mi = (.-'((pit.An/Hit )]/£t (pa). "

State yield advantage

The State yield advantage waa calculated by averaging the aite 
advantage* over the aitea in that State. A weighted average waa ueed, 
with the advantagaa being weighted by the nuaber of yeara in which 
trials were held at each aite. Thua, the State average yield advantage 
of CUMYT-baaed linea over non-CDMVT-besed linea over all aite* ia that 
State (SAc/gi) waa calculated aa

SAc/ei = CM(lu.te/oi)]/&*(lu))« 
where ki ia the nuaber of yeara the triala were held at aite i.

Siailarly, the State average yield advantage of all aeai dwarf over noo- 
aaai dwarf linea over all aitaa in a State (SA»/ai) waa calculated aa

Thia ia the yield advantage ahowa in Table 10, and uaed in aubeeeueat 
calculatic
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