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Figure 2. Aphid numbers, and spread of BYMV and CMV in narrow-leafed lupins at a) Mt Barker, 
b) Avondale and c) Badgingarra in 1998. 
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In 1998, 105 narrow-leafed lupin breeding lines mostly from stage 3 and stage 4 of the breeding 
program were screened for resistance/susceptibility to seed transmission of CMV and the seed 
harvested from these is currently under test. In 1997, 11 O breeding lines were similarly screened and 
the seed test results finalised in 1998. The best lines for reduced seed transmission with CMV were 
Wonga, Tanjil, 90A126-24-33 and 90A126-30-40, which gave 0.4-2.3% seed transmission rates. An 
unusual feature of the 1997 experiment was that nine breeding lines had dangerously high levels of 
CMV seed transmission (higher than Wandoo at 27%) and are candidates for discarding. The worst 
of these was 288AA44 with a seed transmission rate of 54%, a much higher than that of the variety 
Wandoo which had to be withdrawn because of its high seed transmission rate. This finding 
emphasises that it is important to select parents for crossing only after testing them for their intrinsic 
seed transmission levels by this method in order to remove those with dangerously high seed 
transmission rates. 

a) Screening for resistance to seed transmission of CMV in narrow-leafed lupins 
Setting up a disease nursery to measure resistance to seed transmission of CMV involves sowing 
replicated single row plots. lnfector rows of a Wandoo lupin seed stock heavily infected with CMV are 
sown in between each plot. This arrangement supplies a uniform infection source for spread of the 
virus within the test rows by naturally occurring aphids. The seed harvested from each test row is 
germinated over summer and the seedlings tested individually by ELISA to determine the intrinsic per 
cent CMV seed transmission rate of each line. 

METHODS AND RESULTS 

Cucumber mosaic virus (CMV) causes serious losses to lupin production in Australia. Management is 
possible using an integrated disease management strategy involving testing seed stocks to ensure 
seed with minimal levels of infection is sown and cultural strategies that decrease the spread of 
infection. However, the ideal solution for the long term to this disease problem is to sow CMV 
resistant lupin varieties. The intrinsic rate of seed transmission of CMV differs markedly between 
different lines of narrow-leafed lupin and is a polygenically inherited trait that can be selected for. In 
some yellow lupin lines, a natural resistance gene (Ncm-1) is found that operates against most CMV 
strains. In addition, lupins genetically engineered with pathogen-derived transgenes for CMV 
resistance are being produced by the State Agricultural Biotechnology Centre, Murdoch University 
and CLIMA and will be available for screening and evaluation in due course. Work on screening and 
selection for reduced seed transmission in narrow-leafed lupins and for gene Ncm-1 in yellow lupins is 
conducted annually for the National Lupin Breeding Project (DAW485WR, 'Lupin Breeding in 
Australia') funded by GRDC. 

BACKGROUND 

• Screening of advanced breeding lines and varieties of narrow-leafed lupin for reduced seed 
transmission of CMV revealed very low rates of seed transmission in several (e.g. Wonga and 
Tanjil) and dangerously high rates in some others (e.g. 288AA44). 

• Crosses made with parental lines of narrow-leafed lupin with low seed transmission rates of 
CMV reached their second cycle of field exposure to the virus. 

• Progeny of all crosses with yellow lupins were challenged with CMV and only plants with CMV 
resistance gene Ncm-1 kept to continue in the yellow lupin breeding program. 

KEY MESSAGES 

Screening for resistance to cucumber mosaic virus 
in lupins 
Roger Jones, Brenda Coutts, Narelle Reeve, Wallace Cowling and Bevan 
Buirchell, Agriculture Western Australia and CRC for Legumes in Mediterranean 
Agriculture 
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Screening of advanced narrow-leafed lupin breeding lines for seed transmission of CMV ensures that 
all potential new varieties have acceptable transmission levels and ones with dangerously high levels 
are discarded. The finding in 1998 of nine narrow-leafed lupin breeding lines that need to be culled 
due to higher levels of CMV seed transmission than Wandoo indicates that this procedure is very 
important in identifying dangerously susceptible types before release and in identifying resistant types 
for crossing. Progress is being made in enhancing the resistance levels to seed transmission in 
narrow-leafed lupin through annually repeated cycles of crossing and culling of seed-infected progeny 
plants of crosses made with parents with low seed transmission rates. Screening out yellow lupins 
without gene Ncm-1 ensures that all yellow lupin varieties released in Australia in the future will carry 
this CMV resistance gene. 

CONCLUSIONS 

c) Selection of yellow lupin progenies for single gene resistance to CMV 
Each year progenies of crosses between parental lines of yellow lupins with and without CMV 
resistance gene Ncm-1 are screened for resistance to CMV in the glasshouse using sap inoculation 
with the virus. In 1998, two hundred and fifty F3 populations of yellow lupins from different crosses 
were challenged with CMV in the glasshouse and the susceptible plants discarded. The resistant 
plants were returned to the yellow lupin breeding program. This procedure ensures that all yellow 
lupin varieties released in Australia in the future will carry this CMV resistance gene. 

b) Cyclical re-selection of narrow-leafed lupin progenies for resistance to seed- 
transmitted CMV 

Seed of F2 progenies of 63 crosses from narrow-leafed lupin parents with low CMV seed transmission 
rates was grown out in single row plots in a disease nursery in 1997 with infector rows of variety 
Wandoo sown in between each progeny. A high and even exposure to the disease was obtained. In 
1998, F3 seed harvested from these F2 progenies first exposed to CMV infection in 1997 was sown in 
a further screening trial under maximum CMV inoculum pressure in 1998. All seed-infected plants 
were culled out. The cycle of exposure to CMV and culling of seed-infected plants will continue. This 
will carry on to the FS or F6 generations before selecting single plants for evaluation as potential new 
varieties with very low intrinsic CMV seed transmission rates or for crossing. 
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Initially, over the entire experiment, there were approximately equal numbers of plants infected with 
either strain, but by the end of the experiment, there were almost twice as many plants infected with 
the non-necrotic strain (Figure 1). Within plots with foci, the incidence of infection increased rapidly, 
spread of the non-necrotic strain occurring faster than that of the necrotic strain. The non-necrotic 
strain spread more rapidly both inside a 2.5 metre radius of each focus and outside this area. In the 
plots without foci, the numbers of plants infected with the non-necrotic strain also increased more 
rapidly than those of plants infected with the necrotic strain. 

RESULTS 

A field experiment was done at Agriculture Western Australia's Avondale Research Station. 
Subterranean clover plants infected with either strain of BYMV were introduced into 20 x 17 metre 
plots of narrow-leafed lupins cv. Gungurru (5 foci/plot, 2 plots/strain). A circular area with a 2.5 metre 
radius was marked around each focus. Two control plots were left without deliberately introduced 
infection foci. A 5 metre wild non-host of BYMV (canola) was grown as a buffer around each plot. 
Within each plot, plants with characteristic symptoms of either strain were tagged with surveying tape. 
This was done on 8 occasions over a 9-week period with different tag colours distinguishing tagging 
date and virus strain. To determine the rate of spread, the number of plants infected with either strain 
were counted on each tagging date. At the end of the growing season, each plot was divided up into 
1-metre2 quadrats and all tagged plants within each quadrat were counted to determine the effect of 
distance from the nearest BYMV source on the spread of each strain. 

METHOD 

Bean yellow mosaic virus (BYMV) causes a serious disease of narrow-leafed lupins. The virus enters 
lupin crops from adjacent pastures and aphids spread it to healthy plants during feeding. A new non 
necrotic strain of BYMV is becoming widespread in lupin growing areas of Western Australia, 
especially in high and medium rainfall zones'". It is present in both crops and wild populations of 
lupins. It has the potential to spread faster and become more widespread than the original necrotic 
strain. This is because unlike the necrotic strain, which kills infected plants of narrow-leafed lupins 
and thus removes them as a source of infection within the crop, the non-necrotic strain causes only 
mottle and stunting without plant death. Therefore, plants infected with it become infection sources 
that persist throughout the growing season from which aphids can pick it up and spread it further. As 
it causes yield losses of up to 95% in individual early-infected plants <1l, its presence is cause for 
concern to the lupin industry. In 1998, a field experiment was done to test the hypothesis that it can 
spread faster than the necrotic strain in crops of narrow-leafed lupins resulting in a higher incidence of 
crop infection and consequent yield losses. 

BACKGROUND 

• The new non-necrotic strain of bean yellow mosaic virus (BYMV) was shown to spread faster 
than the original necrotic strain of the virus in narrow-leafed lupins. 

• As it becomes more widespread, the non-necrotic strain of BYMV is an increasing cause for 
concern to the lupin industry .. 

KEY MESSAGES 

The non-necrotic strain of bean yellow mosaic virus 
spreads faster than the necrotic strain in lupins 
Y. Cheng 1 and R.A.C. Jones 1•2 

1 Cooperative Research Centre for Legumes in Mediterranean Agriculture 
2 Agriculture Western Australia 
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Results in 1997 showed that grain yield losses due to infection with the non-necrotic strain are severe 
in individual infected plants'", Early-infected plants produce no seed, or produce fewer and smaller 
sized seeds. The impact of timing of infection by the non-necrotic strain on lupin grain yield is being 
investigated but it is expected that the magnitude of yield loss will decrease with later infection of 
plants. The impact of infection of the non-necrotic strain also needs to be investigated when different 
proportions of plants are infected within the crop. Greatest losses are likely with widespread internal 
crop infection at low plant density, and in smaller paddocks with a high perimeter to area ratio. 

The non-necrotic strain of BYMV was shown to spread faster than the necrotic strain in narrow-leafed 
lupins, resulting in a higher incidence of infection. Plants infected with it remain alive acting as 
secondary sources of the virus within the crop. This is what increases the rate of spread. Much of the 
spread by the necrotic strain comes from the original source of the virus in nearby pasture, with only a 
brief window of about 2 weeks between infection and plant death in which an infected plant can act as 
a source for acquisition and spread of the virus by aphids. Hence, the numbers of plants infected by 
it are smaller, especially close to the infection source. 
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Figure 2. Effect of distance from BYMV source on 
incidence of lupin plants with symptoms of the 
non-necrotic or necrotic strains of BYMV. Plots 
with internal foci not included. Sources were 5 m 
away from the nearest plot edge. •- - -• Necrotic 
strain, +-+ Non-necrotic strain (Avondale 
Research Station, 1998). 
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Figure 1. Disease progress curves for total 
numbers of lupin plants with symptoms caused by 
the non-necrotic or necrotic strains of BYMV over 
the entire experiment. • Necrotic strain, + Non 
necrotic strain (Avondale Research Station, 1998). 

In plots without non-necrotic strain foci, the numbers of plants with symptoms of infection with the 
non-necrotic strain decreased sharply with distance from infection sources in a neighbouring plots 
(Figure 2). At 0.5 m from the plot edge nearest to the source, there were approximately 3 times the 
numbers of plants infected with the non-necrotic strain than at 16.5 m from the edge of the plot. In 
plots without the necrotic strain, there was a much less steep gradient of infection over distance from 
the infection source. At 16.5 m from the edge of the plot nearest to the source, there were 
approximately equal numbers of plants infected with either strain. 
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Effects of aphid feeding damage to lupin grain yields 
In trials involving four lupin varieties and the faba bean, grain yields of regular sprayed treatments 
ranged from 1.1-1.9 t/ha at Mullewa and 0.4-0.9 t/ha at Merredin. Aphids were found from mid-late 

Most of the aphids recorded were either bluegreen or green peach aphids. Few cowpea aphids were 
seen. Overall aphid numbers were lowest on Kayla and highest on Tallerack and Wodjil (Table 1). 
Both Wodjil and Tallerack are early maturing varieties, and aphid colonisation and feeding caused the 
plants to hay off earlier than normal. Aphid numbers were high for a period of 3-4 weeks on these 
varieties, and this sustained aphid infestation caused severe damage. 

Aphid numbers 
In 1998 aphids were present at all trial sites, and numbers were highest in the Wodjil trials. Large 
colonies were present from late winter to late spring, and at the Muntadgin site large colonies on 
some plants caused severe wilting in patches throughout the paddock. 

RESULTS AND DISCUSSION 

Three additional trials (two at Koorda and one at Muntagin) featuring randomised block designs 
compared the effects of controlling aphid feeding damage in Wodjil crops. Single foliar sprays of 
Pirimor® (pirimicarb) (300 g/ha), Le-Mat® (omethoate) (100-200 mUha) or Fastac® (alpha 
cypermethrin) (125 mUha) (NOTE: FASTAC WAS USED IN A TRIAL SITUATION, BUT IS NOT 
REGISTERED FOR APHID CONTROL IN LUPINS) were applied at flowering (August). Numbers of 
aphids were estimated at each trial before and after spraying. Grain yields were compared. 

Healthy lupin seed was sown at 100 kg/ha and faba beans at 120 kg/ha by cone seeder at Mullewa 
and Merredin. Treatments were foliar sprays applied every two-three weeks ('regular sprays'), a 
single spray at threshold and untreated ('unprotected'). The single spray at threshold was applied in 
early September at both sites. Numbers of aphids were assessed during flowering, and yields were 
compared by harvesting plots with a mini harvester. Harvested seed was tested for cucumber mosaic 
virus (CMV) infection. 

In 1998, trials involving four lupin varieties (3 narrow-leafed and 1 yellow) and one faba bean (Fiord) 
were conducted at two locations (Mullewa and Merredin) to examine the yield response of controlling 
aphid feeding damage by foliar sprays. 

MATERIALS AND METHODS 

• Significant differences in yields due to aphid feeding damage were recorded for 2 spray trials 
using lupin and faba bean. Spraying for aphid feeding damage increased yields of both 
narrow-leafed lupins (Lupinus angustifolius) and yellow lupins (L /uteus) by more than 300%. 

• Trials were located in low rainfall areas (< 325 mm) of Merredin (eastern wheatbelt) and 
Mullewa (northern wheatbelt), and the best response to spraying to prevent aphid feeding 
damage was recorded in the recently released Wodjil and the reduced-branching 
L. angustifolius variety Tallerack. A smaller response was also achieved for Merrit. 

• In the eastern wheatbelt, large numbers of aphids, at times over 1000 aphids on a flowering 
head, were found attacking paddocks of L. luteus cv. Wodjil. A single well-timed spray 
significantly increased yields from 0.68 t/ha (unsprayed) to 1.87 t/ha (sprayed). 

SUMMARY 

Spraying to control aphid feeding damage increases 
yields of some lupin varieties and faba bean 
Francoise Berlandier and Linnet Cartwright, Entomology, Agriculture Western 
Australia, South Perth 


