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PROJECT REPORT

Executive Summary

Having previously established a reliable means for detecting small differences in crown rot
resistance, SARDI researchers were able to identify useful sources of resistance in durum
backgrounds for the first time. This project has built on this earlier work to pyramid
together minor gene resistances from sources with poor adaptation and to develop them
into high yielding lines with useful (MS level) crown rot resistance that have the potential
to be delivered as new varieties. Preliminary quality results using Near Infra-Red (NIR)
analysis also suggest that many of the lines have good quality attributes.

Higher levels of resistance (MR) have also been developed but these durum lines still lack
good adaptation and need further crossing and selection to deliver them to industry.

e Crown rot resistance equivalent to MS or better developed in 12 lines yielding 85-97%
of Aurora. These lines are now in S3 yield trials at 4 sites with the University of Adelaide
durum breeding program.

e Crown rot resistance equivalent to MR developed in lines yielding up to 50% of Aurora.
New crosses have been made with these lines to improve adaptation and raise yield.

e The best lines are being assessed in crown rot yield loss trials in another SAGIT funded
project with the Southern Australia Durum Grower’s Association.

Project Objectives

To develop well adapted durum breeding lines with effective resistance to crown rot for use
by the University of Adelaide durum breeding program. Previous research by SARDI had
identified resistance in durums for the first time but the resistance had been in poorly
adapted backgrounds.
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The project DbjeEfivcs have ‘tﬂfn—r'im["'lﬁ]]y achieved and with preater success than antici_}-ﬁted
given the high yields and quality of many of the lines now in 3 trials.
The project was planned and managed by Dr Hugh Wallwork, Mark Butt was a key person

| In making the crosses and looking after the screening and disease assessments. Greg Naglis
- was very helpful in helping with the sowing and harvest off the terraces.

Jason Able from the University of Adclaide provided valuable single replicate vield data
(emel Lherefore multiplication) of lines in 2015 and 2016 and is including 12 lines in S3 trials
and 21 lines in §1 trials in 2017. i

Marg Evans helped in the communication of results to the SADGA and growers whaen Hugh
was not available and also provided exlra yicld data from a SAGIT/SADGA project {S517) in
2016, Dir Mike Sissons of the NSW DP| provided NIR data on 39 of the top lines from 2016,
‘This was invaluable in providing confidence in the commercialisation prospects of most of
| the developed lines and helped eliminate one otherwise good line thus saving resources in
© future,

N difficulties weore encountered thanks to SAGIT support
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< Achieved ;. =

F4 lines from 2312 Y Reported on in 2015 Propress
durumr*durm crossing Statormeont.
evalualed for CR resistance and These lines were extensively
! agronomic performance. avaluated in 2015 and again in 2016
; | and selections made. (See KPT No §)
| F2 seed produced from new ¥ . Reported on in 2015 Progress
durum*durum crosses made i Statement,
hetween the best lines obverved These lines were evaluated for
in 2013 and commercial 5A resistance and agronomic adaptation
vurieties. in 2016. See KPI No 6.
To provide o screening service | ¥ Eeported onin 2015, 2016 and 2017
for CR resistance to the : Frogress Statenents.
finiversity of Adelaide Durum ,:
Breeding Program. -
Backeross fines devefoped from N Because of the success of the earlier
new bread wheat™durum crosses crosses it was considered Lhal new
evatuated for CR resistunce und crosses to bread wheat were not
agronomic type. Sclections made reguired and so all the resources were '
for further crosses, to be placed on further development
’ of the exisling resistance sources.




IS liney from 2012
durum*durum crosses evaiuated
Sfor CR resistunce und ggrovintic
| performance and selectinns

i made for breeders and further

i Crossing.

P4 lines from 2013

| durumtfdurum crosses evaluated
! for CR resistance und gyrononntic
| performance and selections

i made for breeders und further
CFOsSig.

Reported on in the 2016 Progress
Statements

During 2016 a selection of 81 ol these
lines, hased on Triticunt dicoccon
resistance, woere testod Tor resiskance
on the Waite Terraces and for yield by
the University of Adelaide durum
broeding program at Reseworthy as
reported in KPI 7.

Reported in the 2006 Progress
Statement

100 selecled lines from 4 crosses
hased on the 2-449 bread wheat
resistance were taken to the FL stage
and promizing selections made after
screening on the terraces in 2016,
Four selections from each of the 44
best lines were multiplied over

- gummer al Virginia The 37 best of

these were sown for further rogistancoe

Further generations of selections
Jrom the 3 groups of materiol
listed above will be screened for
CR resistance and agrohomic
type. All lines to be made
avuiluhle to Lhe hreeding
program.

97 durum lines selected from earlier
screening woere evaluated with full
replication an the terraces and also in
single rep yieid plots 21 Rosewarthy. A
subset of these lines were also
included in inoculaled yield triais

Sunder SAGIT project DGA 116 and

reported on in that context, 10
scelections have been made from this
data for replicated yield and
resistance testing in 2017,

Eight now crosses were made based
on 2014 screening data from the
Priticum dicoceon resistance and 457
lines trom twn of these were taken to
the I'5 generation for resistance and
agronomic evaluation in 2017,

Seven noew crnsses wore made based
on 2015 screening and yield data.
Populations of fincs from two of these
crosses are being developed for
sereentng and cvalualion in 2018.

A further 9 crosses were made in 2076
and 2017 and these are being
developed for screening and selection




Technical Information

A screening system has been established on the Waite Terraces that has proven reliable in
all years and is more accurate than previous screening systems due to the uniformity of soil,
inoculum, water and environmental conditions.

For this project resistance was sought from bread wheat (Kukri), durum landraces and from
collections of wild related species of wheat Triticum dicoccon (Fig 1). The first crosses that
were made in 2001 led to durum lines that had some resistance but were poorly adapted
and with low yields.

A breakthrough came after we identified an adapted breeding line, WID902, from Tony
Rathjen. This line, which had a low but useful level of resistance from a bread wheat, was
inter-crossed with our T. dicoccon derived lines to pyramid together the minor genes.

With heavy selection both for resistance on the terraces and for agronomic adaptation we
arrived at new lines that have now consistently demonstrated good resistance and which
showed good adaptation in the field in 2015 and 2016 (Fig 2). The 12 best lines from these
trials are now in 53 yield trials and 21 more in S1 yield trials at 4 and 2 sites respectively
around SA with the University of Adelaide Durum Breeding Program. The 12 lines are also
in crown rot yield loss trials with SAGIT and SADGA funding at Kingsford and Bordertown.

Figure 1. Comparison of head morphology of adapted durum variety with Triticum dicoccon
showing the very low yield potential of the donor source.
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T. dicoccon Durum

A second group of breeding lines is derived from a cross using the bread wheat resistant
parent 2-49 and our Triticum dicoccon derived lines. These lines (Fig 3) show significantly
higher levels of resistance than the previous lines but they are mostly tall and low yielding
so the best of them have been crossed again to elite parents to bring the yields up to
acceptable standards. The first lines from these new crosses will be screened in 2017,

Preliminary quality tests using Near Infra-Red (NIR) measurements (Table 1) indicates that
most of the lines developed in this project have good or adequate quality profiles. Further
full testing will be carried out by Mike Sissons in NSW Ag later in 2017/18.




New crosses are in development to further improve yield and adaptation of both sets of
germplasm.

Figure 2. Resistance levels (blue line) compared to Tamaroi and yield in 2016 (bars)
compared to Aurora of SARDI lines with crown rot resistance from T. dicoccon and WID902.
Green bars indicate lines of particular interest.
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Figure 3. Resistance levels (blue line) compared to Tamaroi and yield (bars) compared to
Aurora of SARDI lines with crown rot resistance from bread wheat 2-49 and T. dicoccon.
Green bars indicate lines of particular interest.
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Table 1. Quality data using NIR developed by Mike Sissons at NSWDPI, Tamworth.
CP=grain protein, 11%mb, SKHI=hardness index, HLW=test weight, SY=rough prediction of
semolina milling yield, Ypig=yellow pigment.

Sample CP | SKHI | WG | HLW | SY | YPIG | Comments by Mike Sissons
1333-72-3 17.7 | B1.2 | 411 | 782 | 726 |54 excellent yp

1333-737-2 17.0 | 906 |37.8 | 832 |732 |51 excellent yp

1333-31-2 17.4 38.2 | 786 4.7 excellent yp, little soft affecting SY

1349-52-8-1 16.1 | 863 |370 |827 |728 |42 excellent yp
1333-188-8 188 | 861 | 405 72.3 | 41 excellent yp
1333-92-2 185 | 80.3 | 4286 721 1 3.9
1333-54-b4 17.2 | 84.6 36.5 722 | 3.8
ki |
55D1478-036
1333-33-4-2
1333-33-33
5501476-248
1333-33-4-4
1349-52-5-2
Saintly 186 |1 | ]
55D1476-233 144 | B88.0 |318 (826 |73.1 |34
5SD1476-088 | 16.1 | 885 | 36.0 | 820 |734 |34
1351-56-5-B 165 | 843 | 388 |80 |719 |34
1333-116-B 176 | 902 | 413 | 817 | 735 |33
55D1478-135 166 | 819 |395 835 [729 (a3
5501479-106 136 | 83.0 |327 |814 | 734 |32
5501476-029 154 | 816 | 366 |814 | 724 | 32
5501476-137 141 | 89.2 |320 | 833 |731 |32
5501479-164
WiD802
55D1479-083
55D1478-130
Kalka

check

small grain

] check

check

check

 55D1479-111 152 | 81.3 843 | 728
SSD1478-001 16.5 | 87.0 846 | 724
5501479-117 15.6 | 85.4 Bog | 727
S5D1478-158 16.0 | 83.9 815 | 721
5501476-067 14.4 | 88.3 813 | 729
5501479-035 14.8 | 88.1 814 | 738

55D1478-162 | 15.0 | 84.4 853 | 72.8
ssD1476-081 | 157 | 87.6 | 37.5 | 828 | 726
$sD1476-070 | 145 | 889 | 359 | 837 | 72.6
ssD1478-116 | 15.5 | 86.4 | 38.1 | 83.0 | 72.0
$sD1478-007 | 164 | 83.3 | 38.7 | 836 | 72.0
55D1479-144 naﬁ.? 818 | 73.1
ssD1478-142 | 151 | 846 | 366 | 854 | 734

55D1475-125 144 | B74 326 | 817 |735
5501476-106 146 | 863 | 356 | 852 |729

below chk yp

| below chk yp

below chk yp

| below chk yp

below chk yp

| below chk yp, lowest CP/WG
| below chk yp

| below chk yp

poor yp, discard




Conclusions Reached &/or Discoveries Made

The resutts from crown rot resistace screening on the terraces and agronomic evaluation
of lines at Ruseworthy indicale 1hal we have achieved a significant level of resistance in
duruin breeding lines that will in time ensure the development of erown rot resistance in
commercial varieties.

The following results have been noted from the 20146 trials:

1] SARDI developed lines derived from wild letrapleid wheat (Triticum dicoccoen) that have
shown a uselul level of resistance in 2015 and 2016, and have shown yiclds at
Roseworthy in 2016 that range from 60-97% of DBA Aurora (Figure 1}.

2] 12 selections have heon accepted for testing in 53 yvield trials at 4 sites by the University
of adelaide durum breeding program in 2017, These lines all have good resistance and
have yields in the range of 85-97% of DBA Aurara. A further 271 lines were selected for
inclusion in the 51 vield trials at 2 sites in the UA program.

31 The SARDI durum Hnes with the best resistance were developed from a cross bhelween
the bhread wheatline 2-449, Bellaroi and an S48 durum line WID90Z (Figure 2). These lines
ranged from 24-51% of the yield of DBA Aurera and thus need further rounds of
cinssing and selection to deliver the higher levels of resistance in gond backgrounds.
Crosses have been made with 3 sctections with good resistance and which yield in the
range of 24-44% of DBA Aurora.

4] Near lnfra-Red (NIR) screening on 39 SARDI lines has been conducted by the National
Frogram in Tamwarth and this has identified that most efthe lines developed have good
ar excellent quality, Further detailed chemistry testing will hopefully confirm these
provisional results.

5} There is no obvious impediment other than time and ongoing support to enable delivery !

uf good resistance in elite agronoemic backgrounds.
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i The lines developed within this project carry intellectual properly that is the joint
townership of SAGIL, SARDI and GRNDC. A fow crosses that were made with an advanced line
from the UA breeding program will also have joint [P with the University nf Adelaide.

‘The opportunity for cammercialisation is significant. Negotiations will nocd to be held to
- determine how this is delivered and what roles the UA program and SARDI have in the
Process,

[lugh muade presenlations on the project to the Southern Australia Durum Growers
Association Forums at Kaniva and Blyth (Blylh presenied by Marg Evans) in March and
April 2016 and alse attheir Ficld days avound Roseworthy and Bordertown on ¥ September
and 12 October respectively. [n 2017 lugh provided an updaled presentation atthe SADGA
Forun in March at Tarlee and Marg made the presentation at [lorsham.




Hugh and Marg have also been invited to present at Field days at Kingsford and Bordertown

in September and October 2017,

- The results of our work have heen communicated 10 the national project on “Improving |

crown rot resistance in durum” based at the University of Southorn Queensland. Muembers
of the project team including two GRIC representatives visited the Roseworthy trial site
and terraces and inspected the trial plots and screening systems on 10 Oclober 2016,

Main findings:

» Crown rot resistance equivalent to MS or better developed in 12 lines vielding 85-97%
of Aurara, These lines now in 53 yield trials ab 4 siles with UA breeding program.

+ Crownrotresistance cquivalent to MR developed inlines yielding up to 50% of Aurora.
These are now being developed in new crosses Lo raise yield.

+ (uality of new lines found to be mostly pood to excellent in NIR analyses.

Should one of these ines be accepted for release as a variety then the risk ol ¢rown rot could
he reduced to that similar to an MS wheal variety. This could lead to a significant expansion
(30%7) of the area sown to durums as the reduced risk from crown rot would offset some
reduction in yviekd.

: The fate of the lines is subjecl to acceptance in the NVT system. Seed is being mulliplied for
i [his purpose in 2017

Irl I,hL longer term it 15 now mcvluh!{* Lhal wn,h fllli.hf:‘l breeding and se]ectmn hlgher

POSSIBLE FUTURE WORK

An extension of one year's funding h}r“:}iEJIT will hel p deliver further improvements in the |

| selection of durums with good crown rot resistance, yield and quality. GRDC supporl js
! hein ¢ saught to continue the lenger term development of high yielding lines with crown rot

! resistance fellowing the development of new crosses.
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