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1. Executive Summary 
 
Sugarcane industries around the world were transformed in the early 1900s when Dutch plant 

breeders working in Indonesia, and Indian breeders, working independently, developed sugarcane 

varieties derived from the wild relative called Saccharum spontaneum. Crossing sugarcane with wild 

relatives, and the subsequent backcrossing of progeny to sugarcane to regain sufficiently high sugar 

content for commercial production is known as introgression breeding. The wild relative added 

higher yield, extra vigour, longer ratoons and disease resistance to the original sugarcane, S. 

officinarum. Most modern sugarcane varieties can be traced back to a very small number of these 

early crosses with the wild Saccharum spontaneum.  

 

In Asia and the Pacific region, there is a vast source of variation within wild sugarcane relatives that 

could potentially provide commercial sugarcane with new genes to improve yield, stress resistance, 

ratooning ability and disease resistance. One wild sugarcane relative that was recently successfully 

crossed with sugarcane in China, Erianthus arundinaceus, is highly drought tolerant, almost immune 

to pachymetra root rot and is highly resistant to nematodes. SRA and CSIRO researchers have worked 

closely in this project to build on earlier projects to introduce new traits into the Australian 

sugarcane breeding population from wild relatives of sugarcane. The project screened the available 

introgression clones for yield, pachymetra root rot, lesion nematode, root-knot nematode and smut 

resistance and made new crosses to further improve the introgression clones. 

 

One clone derived from Erianthus, KQ08-1040, performed better than the average of the standards 

for yield in final assessment trials in the Central regions. This clone was also one of the best parent 

clones in progeny assessment trials. KQ08-1040 will be further assessed as a potential commercial 

variety and could be the first sugarcane variety anywhere in the world to have Erianthus as a 

progenitor.  A number of other introgression clones from crosses with Saccharum spontaneum, 

Saccharum robustum and Erianthus procerus performed well as clones or as parents in yield trials in 

the Burdekin, Central, South and NSW regions. The clones are currently being tested in the Herbert 

and North regions. 

 

Over 600 new introgression crosses have been made and the seed stored for testing in coming years. 

These crosses will provide a valuable resource of new genetic diversity for the Australian sugar 

industry. The new crosses included four wild relatives of sugarcane; Erianthus arundinaceus, 

Erianthus procerus, Saccharum spontaneum and Saccharum robustum. Some innovative multi-

species crosses were made with the aim of combining good features from each of the species with 

true sugarcane, Saccharum officinarum. It will be exciting to see how these innovative crosses 

perform and hopefully some will produce new sugarcane varieties that give the industry a major 

advancement. 

 

Soil health is a major concern for the Australian sugar industry. Sugarcane has been grown in some 

Australian fields as a virtual monoculture for more than a hundred years. There is limited opportunity 

for long fallow or long term break crops to reduce levels of soil-borne pathogens because of the 

logistics of the industry and availability of suitable land for production of sugarcane within practical 

transport distance to the sugar mills.  

This project has shown that the wild relatives Erianthus arundinaceus and S. spontaneum are highly 

resistant to root-knot and lesion nematodes, and Erianthus arundinaceus is almost immune to 
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pachymetra root rot. Some advanced backcross clones from the Chinese E. arundinaceus and S. 

spontaneum retain high levels of resistance to root-knot and lesion nematodes, and pachymetra root 

rot. The plant breeders will use these clones to boost the resistance of varieties in the future to help 

to alleviate these major causes of poor soil health. The project also found that a few commercial 

varieties have moderate resistance to root-knot and lesion nematodes. Information on nematode 

resistance on these commercial varieties is now available to growers through the SRA variety 

information tools QCANESelectTM and variety guides.  

 

Important research was conducted to develop improved methods of selecting the best introgression 

clones in the early stages of a breeding program. The research found that selecting the best families, 

in the same way as Australian plant breeders test families in the conventional breeding program, will 

also work for introgression families. The research found that visually selecting the best individuals in 

the introgression families was also worthwhile. Combining the family and individual clone 

information into an index will improve selection in introgression families. 

 

New methods were developed to screen large numbers of sugarcane varieties for resistance to lesion 

and root-knot nematodes. These methods were used to screen the introgression clones and 

commercial varieties in the project. Little was previously known of sugarcane varieties’ resistance to 

these nematodes. All new sugarcane varieties will now be screened for resistance to lesion and root-

knot nematodes, giving growers more information to help them manage these important soil pests. 
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2. Background 
 
Modern sugarcane varieties are the result of early introgression breeding between Saccharum 

officinarum and S. spontaneum.  Sugarcane industries around the world were transformed by 

introgression breeding which was initiated in the early 1900s.  At that time two groups working 

independently, one led by a Dutch pathologist  working in Indonesia, and the other by a breeder at 

Sugarcane Breeding Institute, India, crossed a noble sugarcane variety (S. officinarum) with a natural 

hybrid between Saccharum officinarum (noble cane) and its wild relative S. spontaneum (Indonesia, 

1911), and a straight  Saccharum spontaneum clone (India, 1912). The wild relative provided higher 

yield, extra vigour, longer ratoons and disease resistance, compared with the existing S. officinarum 

cultivars upon which sugarcane industries worldwide were based on.   Crossing sugarcane with S. 

spontaneum, and subsequent “backcrossing” of the resulting hybrids to S. officinarum or other 

hybrids, to increase sugar content became known as introgression breeding. 
 

POJ2878 is the most famous example of the “nobilisation” process. A natural hybrid between S. 

officinarum (Noble or true sugarcane) and S. spontaneum was backcrossed two times with S. 

officinarum parents (Jeswiet, 1930) to produce the commercial clone POJ2878 in Java. These early 

hybrids formed the basis of sugarcane breeding programs around the world, including Australia. 

Following the spectacular success of the early introgression efforts in Indonesia and India, sugarcane 

breeders worldwide made further major gains over the next several decades by inter-crossing and 

selecting among clones derived from the very small number of wild relatives used, without seeking to 

expand the genetic base.    

 

In 1960’s Australia, some sugarcane breeders became concerned about the rate of progress in 

sugarcane breeding and re-initiated introgression of more wild relatives into sugarcane breeding lian 

collaborprograms.  The S. spontaneum clone Mandalay (introduced into Australia from Burma by CSR 

Limited) was crossed with POJ2878 in 1962 and, after two backcrosses with commercial hybrids, 

produced the clone QN66-2008, which is a parent of 25 and grandparent of 18 “Q” varieties. In 

Louisiana, S. spontaneum clone US56-18-8 (collected from North Thailand) has been used to produce 

highly productive varieties that dominate their industry (Arro, 2005). However, introgression 

breeding is also known to be difficult and a large number of crosses made with wild clones in the 

1960’s failed to lead to cultivars.   Recently, an Austraative introgression program with Chinese 

institutes has used new sources of germplasm, Erianthus spp. and a different set of S. spontaneum 

clones, to generate over 100 new families (Foreman et al., 2007). In addition, clones derived from 

crosses with S. spontaneum, S. robustum and E. procerus made in Australia and Fiji have recently 

been crossed with commercial sugarcane hybrids in Australia. 

 

Within the species E. arundinaceus and S. spontaneum, there are clones that have one or more 

valuable traits, including high vigour, drought, waterlogging and frost tolerance, and resistance to 

diseases. In a previous study, ten E. arundinaceus clones were rated highly resistant (almost immune) 

to pachymetra root rot (Magarey and Croft, 1996). Preliminary testing of some clones from crosses 

using the wild species from China had shown that they have potential for high yield in small plot trials 

(Foreman et al., 2007) and resistance to nematodes (Stirling et al., 2011). 

 

Soil-borne diseases have been identified as a major contributor to sugarcane yield decline in 

Australia (Garside and Bell, 2011). Of the known causes of soil-borne diseases, pachymetra root rot 
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(Magarey and Croft, 1996), root-knot (Meloidogyne javanica) and root lesion nematodes 

(Pratylenchus zeae) (Blair and Stirling, 2007) are the most important. Sugarcane smut was identified 

for the first time in Queensland in 2006 (Croft et al., 2008b). A high proportion of Australian 

commercial varieties and breeding clones were susceptible to smut at the time of the incursion (Croft 

et al., 2008a). Breeding varieties resistant to pachymetra root rot and smut are important objectives 

of the Sugar Research Australia (SRA) Sugarcane Breeding Program. There is limited information on 

the resistance of Australian sugarcane germplasm to nematode species. 

 

This project aims to further exploit the valuable genes from the introgression crosses made in China 

and Australia to develop germplasm combining high productivity and high levels of disease 

resistance, with the ultimate aim of releasing varieties to the Australian industry for commercial 

production. Such varieties will not only improve profitability and significantly reduce losses from 

these diseases, but also increase the genetic diversity of Australian varieties. 
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3. Outputs and Achievement of Project Objectives 

3.1 Select and evaluate clones generated in recent for possible release as 

commercial cultivars and future use as parents 

 

3.1.1 Introduction 

Improving commercial varieties through introgression breeding has been a goal of previous projects 

funded by the Australian Centre of International Agricultural Research (ACIAR), SRDC, BSES and the 

CRC for Sugarcane Biotechnology. Wild relatives of sugarcane have many traits of interest to 

sugarcane breeders. Wild relatives such as Erianthus arundinaceus (Ea) and Saccharum spontaneum 

(Ss) grow in harsh environments subject to moisture stress and flooding and show vigorous ratooning 

characteristics. The wild species are also resistant to many diseases. Erianthus arundinaceus is highly 

resistant or immune to pachymetra root rot (Magarey and Croft 1996) and were resistant to 

nematodes (Stirling et al. 2011).  Many of the crosses were made in China where the first verified 

fertile crosses between Saccharum officinarum and Erianthus arundinaceus had been obtained. All 

previous attempts to use Erianthus arundinaceus in crossing with sugarcane had produced sterile F1 

progeny.  

 

Since 2002 crosses made in China, along with those in Australia by SRA and CSIRO, have produced 

many families derived from crosses with Erianthus arundinaceus, Saccharum spontaneum, 

Saccharum robustum (Sr) and Erianthus procerus (Ep). Some preliminary small plot yield trials had 

been conducted with some of the families and clones which appeared to have potential for yield 

were identified. Only limited screening of the introgression material has been conducted for 

resistance to diseases. 

 

This project aimed to evaluate methods for selecting introgression clones from stage 1 progeny 

assessment trials, screen clones for resistance to root lesion nematode, root-knot nematode, 

pachymetra root rot and smut; and test the best clones from earlier work for yield in final 

assessment trials. 

 

3.1.2 Methodology 

Family selection is used extensively in the core commercial sugarcane breeding program in Australia. 

Its value relies on a correlation existing between family mean performance and performance of the 

best individual clones within families. However, some visual observations on introgression 

populations have suggested that very high variation within some families may occur, placing some 

questions on the value of family selection in this material.  The objective of this project component 

was to help determine the effectiveness of family selection in future introgression breeding. The 

second objective was to provide an initial screening for a range of clones recently developed from 

introgression breeding, with a view to transferring elite clones into successive testing in the core 

breeding program.  

 

This experiment consisted of clones from 30 families listed in Table 1.   These were planted in June 

2013.   Each family comprised 20 clones, with 10 clones from each cross selected at random from 

seedling populations, and 10 seedlings selected based on visual appearance.   
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Each clone was planted into small plots (1 row x 6 m) with two replicates per clone.  Fast growth 

after germination in 2013 led to a decision to slash the trial (to ground level) in December 2014 to 

give a “ratoon” crop for evaluation in 2014.   This approach has been evaluated in previous 

introgression related projects and is believed to improve precision in obtaining data, particularly for 

CCS.    

  

The trial was measured for cane yield and CCS, with the aim of assessing relative variation among 

and within families, as a guide to the value of family means in predicting presence of elite clones.  

 

The trial was sampled for CCS measurement on 28 July, 2014, and plots harvested and weighed for 

measurement of cane yield on 17 September 2014.  All plots (a total of 1276 plots) in the trial were 

sampled and harvested.   

 

Table 1.  Crosses included in experiment to assess effectiveness of family selection among 
introgression crosses 

Cross Number Female Male Introgression Parent Type 

12*57C KQ228A  MQB89-12336 Ss F1 a 

12*15C Q208A  QBYN04-10472 Ss F1 

12*22C Q232A  QBYN04-10472 Ss F1 

12*46C Q208A  QBY04-10356 Ss F1 

12*49C Q232A  QBY04-10356 Ss F1 

12*56C KQ228A  QBYC05-10199 Ss F1 

12*58C Q208A  QBYC05-10199 Ss F1 

12*74C Q208A  QBYC05-10199 Ss F1 

12*104C KQB07-23856 Q237A  Ss BC1 

12*116C KQ09-2180 KQB07-23989 Ss BC1 

12*33C KQB07-24619 Q232A  Ss BC1 

12*34C KQB07-24619 Q235A  Ss BC1 

12*43C Q208A  QBYN04-26272 Ss BC1 

12*48C Q208A  KQB07-24644 Ss BC1 

12*61C KQB07-23856 Q232A  Ss BC1 

12*62C KQB07-23227 Q237A  Ss BC1 

12*71C Q208A  KQB07-23856 Ss BC1 

12*72C QN80-3425 KQB07-23856 Ss BC1 

12*85C QBYN04-26050 N14 Ss BC1 

12*88C Q208A  KQB07-23856 Ss BC1 

12*9C QBYN04-26127 MQ77-340 Ss BC1 

12*20C Q208A  KQB09-20328 Ss BC1 

12*45C Q208A  KQB09-20384 Ss BC1 

12*51C KQ228A  KQB09-20384 Ss BC1 

12*7C KQB07-20322 MQ77-340 Ss BC1 

12*132C KQB07-34148 Q237A  Ss BC2 

12*73C KQ228A  KQB07-33198 Ss BC2 
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12*93C KQB07-34148 MidaA  Ss BC2 

12*68C KQ08-2859 N14 Ea BC3  

12*69C KQ08-2859 Q235A  Ea BC3  

a Code for cross types Ea = Erianthus arundinaceus, Ss = S. sponateum, F1 = first cross between wild type species and 

hybrid, BC1 = backcross 1, BC2 = backcross 2, BC3 = backcross 3 

3.1.3 Results 

Analysis of variance 

There was highly significant variation among genotypes for CCS and cane yield, with both the among-

families and within-families components (P<0.001).   Some summary statistics from analysis of 

variance of the data are shown below (Table 2).   

Table 2.  Summary statistics from analysis of variance of CCS and cane yield (tonnes cane/ha = 
TCH). 

Trait Mean 
Variance components 

Among families Within families Error 

CCS 11.9 0.548 0.511 1.55 

TCH 46.3 30.24 70.16 145.6 

 

How well does family performance predict individual clone performance? 

 

The variation among and within families is illustrated by examining the performance of individual 

clones in relation to family mean performance (Figure 1).  This shows that on average, the highest 

families for either CCS or cane yield also produced higher performing individual clones, but also 

perhaps more importantly, the highest yielding clones in the population.  From the perspective of the 

data shown in Figure 1 it would appear that family performance can be a useful predictor of 

individual clone performance.  The best approach in this situation is arguably to use an optimal 

selection index which weights family means and individual clone data appropriately, depending on 

the statistical parameters within the trial.  This is discussed further below. 
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Figure 1.   Performance of individual clones for CCS (top) and cane yield (bottom) versus mean 

performance of all clones from each family to which these clones came from. 

Individual clones worth selecting 

 

In relation to the second objective of this experiment, there were a number of individual clones with 

promising performance identified, with the performance of the top 40 clones shown in Table 3.  A 

selection of 12 clones were propagated in 2015 with a view to being tested in FAT trials in 2016.    
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Table 3.  Performance of the top 40 clones (based on sugar yield), showing individual clone CCS and 
cane yield, and the performance of the families from which these clones were derived. Clones 
selected for planting into FAT trials are highlighted. 

Clone CROSS 
CLONE 
CCS 

CROSS 
CCS 

CLONE 
TCH 

CROSS 
TCH 

CLONE 
TSH 

CROSS 
TSH 

KQB12-36066 12*33C 12.65 11.6 91.55 63.8 11.52 7.36 

KQB12-36061 12*33C 11.55 11.6 99.05 63.8 11.4 7.36 

KQB12-36392 12*71C 13.3 12.51 85.35 51.77 11.31 6.43 

KQ12-6457 12*93C 15 13.16 72.15 50.53 10.81 6.6 

KQB12-36144 12*45C 12.5 11.52 83.55 47.81 10.43 5.59 

KQB12-36064 12*33C 13.4 11.6 77.05 63.8 10.39 7.36 

KQB12-36235 12*48C 13.5 12.36 77.45 55.71 10.33 6.79 

KQB12-36237 12*48C 12.55 12.36 80.7 55.71 10.14 6.79 

KQB12-36076 12*33C 11.55 11.6 84 63.8 9.63 7.36 

KQB12-36073 12*33C 12.25 11.6 78.75 63.8 9.48 7.36 

KQB12-36415 12*72C 12 12.87 80.1 49.84 9.48 6.34 

KQB12-36525 12*104C 12.25 12.66 77.4 46.36 9.47 5.95 

KQB12-36305 12*61C 14.9 11.9 63 54.27 9.41 6.39 

KQB12-36317 12*61C 12.05 11.9 78.1 54.27 9.33 6.39 

KQB12-36582 12*34C 12.9 12.7 72.15 47.72 9.33 5.98 

KQ12-6454 12*93C 14.8 13.16 63.65 50.53 9.27 6.6 

KQ12-6460 12*93C 13.4 13.16 68.9 50.53 9.24 6.6 

KQ12-6359 12*68C 12.95 12.37 71.55 34.11 9.24 4.19 

KQB12-36115 12*20C 12.35 11.55 73.5 51.59 8.98 5.97 

KQ228 STD 14.35   62.86   8.93   

KQ12-6334 12*69C 12.4 12.64 70.85 34.38 8.81 4.4 

KQB12-36239 12*48C 12.75 12.36 68.9 55.71 8.78 6.79 

Q208 STD 13.73   63.88   8.74   

KQB12-36067 12*33C 10.75 11.6 80.75 63.8 8.69 7.36 

KQB12-36225 12*48C 13.35 12.36 64.95 55.71 8.65 6.79 

KQB12-36480 12*88C 11.9 12.27 72.2 52.39 8.6 6.31 

KQB12-36553 12*116C 12.65 13.47 67.6 42.93 8.55 5.77 

KQB12-26295 12*58C 12.1 11.88 70.2 41.7 8.53 4.97 

KQB12-26514 12*74C 13.2 11.93 64.95 44.45 8.53 5.33 

KQB12-26259 12*56C 12.8 12.17 66.3 49.62 8.53 6.04 

KQ12-6441 12*93C 11.55 13.16 74.15 50.53 8.51 6.6 

KQB12-36062 12*33C 12 11.6 68.9 63.8 8.39 7.36 

KQB12-36199 12*51C 12.85 11.86 65.65 39.86 8.36 4.75 

KQB12-36001 12*7C 12.3 11.52 68.9 46.66 8.36 5.38 

KQB12-36462 12*88C 11.8 12.27 70.85 52.39 8.34 6.31 

KQB12-26518 12*74C 14.35 11.93 58.4 44.45 8.32 5.33 

KQB12-36018 12*7C 11 11.52 74.8 46.66 8.27 5.38 

KQB12-26254 12*56C 14.2 12.17 57.75 49.62 8.26 6.04 

KQB12-26266 12*57C 12.7 11.52 63.65 46.66 8.26 5.38 

KQB12-36106 12*20C 12.95 11.55 63.65 51.59 8.24 5.97 

KQB12-36414 12*72C 14.5 12.87 57.05 49.84 8.22 6.34 

KQB12-36552 12*116C 13.95 13.47 58.4 42.93 8.16 5.77 
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Effectiveness of seedling selection 

 

In the trial planted with true seedlings used to supply clones to the trial described above, visual 

ratings were made on a subset of 300 seedlings (10 seedlings per family).    Ratings were to be given 

on a 1 (best) to 9 (worst) scale, but in this trial the best rating given was 2 and worst rating given was 

8.      

 

The phenotypic correlation between these visual ratings at the true seedling stage and clone 

performance for yield was -0.4 (Figure 2), which is of higher absolute magnitude than expected, 

based on some prior experience with selection of individual seedlings.   This indicates that selection 

based on visual rating of seedlings in introgression families could be quite effective and that this 

should probably be weighted reasonably strongly in selection. 

 

 

Figure 2.   Relationship between visual rating of seedlings in stage 1 trial, and cane yield in trial 

reported here. 

Optimal selection indices 

Optimal selection indices are developed to guide development of selection criteria which maximise 

gain from selection, by weighting all phenotype information (measurements) related to clone true 

genetic value in a way that reflects its value for predicting true genetic value. 

When considering phenotypic values of traits, a selection index is constructed in the form of a linear 

equation of observed trait values for each genotype with a coefficient for each trait value: 

 

SIi = b1*X1i + b2*X2i  + ... + bn*X ni   (Equation 1) 

y = -5.3633x + 67.767
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where SIi  = the selection index of genotype i ; b1, b2, …, bn  are the index coefficients to be estimated 

(below) for trait 1, trait 2, …, trait n; and X1i, X2i,, …,   X2n are the deviations of measurements trait 1, 

trait 2, …, trait n on genotype i from the mean of the population being selected from.    

 

The main requirement in applying a selection index is therefore to determine the index coefficients 

(b values) which maximise the correlation between the true genetic worth of the individuals 

considered for selection and the index.   It can be shown that the index coefficients can be 

determined from:   

 

b = [V]-1. [C] .a   (Equation 2) 

where:   b = n x 1 vector of index coefficients to be estimated (i.e. there are n traits measured), V =  n 

x n matrix of the phenotypic variances and covariances among the measured traits, C = an n x q 

matrix of covariances between the measured traits and genetic values of traits of economic value 

(i.e. there are q traits affecting economic value which are being considered in assessing economic 

worth of the genotype) and a = q x 1 vector of the economic weightings of traits affecting economic 

value.   

 

Example of selection index using parameters obtained in this experiment: 

The following data was obtained from the experiments: 

V matrix:  Variances and covariances of the phenotypes for the random clones based on PAT. 

 

 FAMILYTCH FAMILYCCS VRSEEDLING 

FAMILYTCH 41.8 0 -1.29 

FAMILYCCS 0 0.43 -0.05 

VRSEEDLING -1.29 -0.05 1.29 

 

C matrix:   The family variance components from analysis of variance, and the covariance between 

visual rating and cane yield and CCS in the stage 2 trial (which is assumed to comprise only genetic 

covariance, since error effect covariance is zero because the environments are independent). 

 

 TCH  CCS  

FAMILY TCH 30.24 0 

FAMILY CCS 0 0,548 

VRSEEDLING -6.9 -0.25 

   
Based on past work, and just for this example, it is assumed that the a vector =  

20 ($/ha benefit per every 1 tonne/ha of cane yield increase) 

400 ($/ha benefit per every 1 unit CCS increase) 

 Therefore, based on equation 2, the b vector  = 

14.9318 FAMILYTCH 

495.3282 FAMILYCCS 

-60.1778 VRSEEDLING 

  

Therefore based on the above assumed parameters, an optimal index for use in stage 1 (PAT) trials 

would be approximately equal to: 

15 * Family mean TCH + 495 * Family mean CCS + -60.1 * visual rating  
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It is assumed in a stage 1 trial that the phenotypic variance of family means for cane yield and CCS 

may be similar to those above. It could also be expected to be a bit larger since there would be larger 

error variation due to smaller replicate numbers than the trial here, which was based on the mean 

performance of 30 clones in individual (and replicated) plots.    

 

Implementing in practice 

 

To implement this sort of approach in practice during stage 1, family cane yield and CCS would be 

obtained in the plant crop and an optimal index determined based on an assumption of covariance 

between seedling rating and cane yield.  Following this, for each and every family, the full range of 

selection index values for each rating could be generated (i.e. 9 selection index values for each 

family).   These selection index values could then be ranked (i.e. Total number of families x 9).   

Assuming that visual ratings would be done with approximately equal numbers of seedlings in each 

category, the cut-off would correspond to the selection intensity desired.   For example, if 20% of 

seedlings were to be selected, the top 20% of selection index categories would be taken, and all 

families within this top 20% would be included in scope for selection.  For each family in scope, the 

minimum (worst) seedling visual rating would be noted.   Thus, for each family plot in the field, the 

person/s conducting seedling selection (in the ratoon crop) would have a yes/no for if it was in scope 

for selection and if yes, a cut-off visual rating would be given.    

 

3.1.4 Recommendations 

It is recommended that: 

 

a) An optimal selection index be used for selecting seedlings from introgression families planted 
into stage 1, using family means and visual ratings of individual seedlings within families.   
The approach described above should form the basis for this index.   It would use directly 
obtained parameters for family phenotypic variances for CCS, and assumed values for genetic 
covariance between seedling visual grade and cane yield. 

    

b) A selection of clones be progressed to evaluation in FAT trials from the trial conducted for 
this component of the project. Plant breeders have selected 12 clones from this experiment 
and propagated for inclusion in FAT trials in 2016 or 2017. 
 

c) Introgression clones are screened for resistance to pachymetra root rot, nematodes and 
smut.   
 

New introgression germplasm could be a valuable source of resistance to diseases. In this project, 
introgression clones were screened for resistance to four diseases of industry importance. The 
diseases were pachymetra root rot (Pachymetra chaunorhiza), root-knot nematode (Meloidogyne 
javanica), lesion nematode (Pratylenchus zeae) and sugarcane smut (Sporisorium scitamineum).  
 

The methods and a detailed description of the results of experiments to screen clones for resistance 

to the four diseases have been reported in Croft et al. (2015) and Bhuiyan et al. (2016).  

To enable simple comparisons between diseases and between clones screened in different trials, we 

have standardised the trial score relative to the set of standards included in each disease trial. The 

average score of the complete set of standards in each trial was set as 100, so resistant or susceptible 

clones had scores below or above this average value. The number of introgression clone types 
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screened for each disease is shown in Figure 3. For comparison, the results of clones screened from 

2011 to 2014 in the core plant breeding program for pachymetra root rot (11 trials including 1282 

clones) and smut (21 trials including 4755 clones) are included. Thirty one commercial hybrid clones 

were screened for root lesion nematode and 37 for root-knot nematode and these clones were used 

for comparison with the introgression clones.   

 

3.1.5 Results 

The total number of introgression clones screened for resistance to the four diseases was; root-knot 

nematodes 267, lesion nematodes 264, pachymetra root rot 675 and smut 542. For pachymetra root 

rot and smut, this project collaborated with projects 2012026 Smut resistance mechanisms and 

2013358 Cytogenetics to screen a greater number of clones to assist with identifying molecular 

markers.  

 

For both root-knot and lesion nematodes, the basic E. arundinaceus and S. spontaneum clones were 

significantly more resistant than the clones from the core program (Prob<0.01, Figure 3). In contrast, 

the basic S. robustum clones were significantly more susceptible to root-knot nematode than the 

core clones but significantly more resistant than the core clones to root lesion nematode (Prob<0.01 

and Prob<0.05 respectively). With each successive generation of back crossing in the E. arundinaceus 

and the S. spontaneum cross types, the resistance tended to decrease. The E. arundinaceus BC2 was 

significantly more resistant than the core clones to root-knot nematode and the BC1 and BC2 were 

significantly more resistant to lesion nematode. There was no significant difference between the 

basic E. arundinaceus and S. spontaneum clones for resistance to root-knot nematode but the S. 

spontaneum was significantly more resistant than E. arundinaceus for lesion nematode (Prob<0.1, 

data not shown). 

 

 

The E. arundinaceus BC2 clones were significantly more susceptible to pachymetra root rot than the 

clones from the core program but the BC3 population was significantly more resistant (Prob<0.01, 

Figure 1). The S. spontaneum F1, BC2 and BC3 were all significantly more susceptible than core 

clones (Prob<0.1, <0.01 and <0.1 respectively) but the BC1 clones were not significantly different to 

the core clones. 

 

The E. arundinaceus BC1 clones were significantly more susceptible to smut than the core clones 

(Prob<0.1) but the BC3 clones were significantly more resistant (Prob<0.01) (Figure 1). The E. 

procerus BC2 clones were more susceptible to smut than the core clones (Prob<0.1). The S. 

spontaneum BC1 clones were significantly more resistant to smut than the core clones (Prob<0.01) 

but the F1, BC2 and BC3 were not significantly different. 
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Figure 3.  Average relative disease score for root-knot nematode, root lesion nematode, 

pachymetra root rot and smut for groups of clones from introgression cross types and clones from 

the SRA core breeding program. Disease score was standardised relative to the set of standard varieties in each 

experiment (100 is equal to the average of the set of standards). The number of clones tested in each group is shown above 

the columns. Significant differences between average relative disease scores of each cross type to the average of the core 

clones are shown as * Prob <0.1, ** Prob<0.05, *** Prob<0.01. Code for cross types Ea = Erianthus arundinaceus, Ep = E. 

procerus, Ss = Saccharum spontaneum, Sr = S. robustum, Core = clones from the core breeding program, F1 = first cross 

between wild type species and hybrid/basic, BC1-3 = backcross 1, 2 or 3. 

 

Segregation of disease resistance within progeny of a cross may mean that it is better to look at the 

distribution of resistance levels within populations rather than the average for a population to 

identify if one population may provide valuable resistant clones. Individual highly resistant clones 

may be valuable varieties for commercial production or could be valuable parents for future 

breeding. Figure 4 shows the frequency of clones with different relative resistance levels for selected 

cross types for the four diseases. Cross types with a small number of clones were excluded. 

E. arundinaceus BC3 and S. spontaneum F1, BC1 and BC2 all had a higher frequency of root-knot 

nematode resistant clones than the clones from the core breeding program (Figure 4). There was 

approximately 10% of core clones with 30% or lower relative disease score for root-knot nematode. 

Five to 10% of the core, E. arundinaceus BC2 and BC3 and S. spontaneum BC2 had 30% or lower 

relative disease score for root lesion nematode (Figure 4). A high proportion of all groups had 40-70% 

lower relative disease score for root lesion nematode. This high proportion of clones better than the 

standards probably reflects the high level of susceptibility in the standard commercial varieties 

selected. 

 

The proportion of clones from E. arundinaceus BC2 and BC3 that had a pachymetra root rot relative 

disease score of <30% was almost double the proportion for the clones from the core breeding 

program (Figure 4). S. spontaneum crosses generally had fewer clones in the more resistant 

categories than the clones from the core breeding program. 
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All groups including the clones from the core breeding program had a high proportion of clones 

highly resistant to smut. E. arundinaceus BC3 and S. spontaneum BC1 had the highest proportion of 

highly resistant clones (Figure 4). 

 

 

 
 

Figure 4.  Frequency distribution of relative disease score for root-knot nematode, root lesion 

nematode, pachymetra root rot and smut for clones within different introgression cross types and 

clones from the SRA core breeding program. Disease score was standardised relative to the set of standard 

varieties in each experiment (100 is equal to the average of the set of standards). Code for cross types Ea = Erianthus 

arundinaceus, Ep = E. procerus, Ss = Saccharum spontaneum, Sr = S. robustum, Core = clones from the core breeding 

program, F1 = first cross between wild type species and hybrid/basic, BC1-3 = backcross 1, 2 or 3. 

The 20 most resistant clones for pachymetra root rot, lesion and root-knot nematodes are shown in 

Table 4. Only clones also more resistant than the average of the standards for pachymetra root rot or 

smut were included. The list is dominated by clones from E. arundinaceus crosses. Five E. 

arundinaceus BC2 and BC3 clones had less than 5% of the average of the standards for pachymetra 

root rot meaning they had a very high resistance. Some clones were over 70-90% more resistant than 

the standards for lesion and root-knot nematodes in both E. arundinaceus and S. spontaneum 

crosses.  

Table 4. The relative disease score of a selection of the most resistant clones to pachymetra root rot, 

root lesion or root-knot nematode. Clones that had a relative disease score greater than 100 for 

pachymetra root rot or smut were not included.  

Clone Clone typea Pachymetra Root lesion nematode Root-knot nematode Smut 

QBYC06-30293 Ea BC2 20.5 48.5 70.7 68.1 

QBYC06-30315 Ea BC2 4.9  NTb NT  56.8 

QBYC06-30390 Ea BC2 NT  16.7 80.5 0.0 

KQ08-1006 Ea BC3 0.0 NT NT NT 

KQ08-1029 Ea BC3 16.8 NT NT NT 
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KQ08-1047 Ea BC3 41.0 26.8 39.0 0.0 

KQ08-1053 Ea BC3 90.5  NT 7.8 15.0 

KQ08-1058 Ea BC3 10.6 NT NT 0.0 

KQ08-1074 Ea BC3 17.7 NT NT 78.7 

KQ08-1080 Ea BC3 0.0 NT NT 0.0 

KQ08-1085 Ea BC3 88.8 30.9 62.5 0.0 

KQ08-1107 Ea BC3 12.6 NT NT NT 

KQ08-1111 Ea BC3 70.6 68.3 11.7 0.0 

KQ08-1134 Ea BC3 93.2 22.6 43.1 0.0 

KQ08-1165 Ea BC3 20.0 NT NT 59.0 

KQ08-1186 Ea BC3 64.9 55.7 6.7 0.0 

KQ08-1193 Ea BC3 0.0 NT NT NT 

KQ08-1238 Ea BC3 49.3 31.3 94.0 0.0 

KQ08-1241 Ea BC3 9.3 NT NT NT 

KQ08-1323 Ea BC3 0.0 NT NT NT 

KQ08-1347 Ea BC3 34.5 23.2 75.9 9.8 

KQ08-1384 Ea BC3 10.1 NT NT NT 

KQ08-6003 Ea BC3 19.8 30.9 165.4 0.0 

KQ08-6003 Ea BC3 19.8 30.9 165.4 0.0 

KQ09-1736 Ea BC3 20.5 40.2 71.4 37.9 

KQB09-20192 Ss BC1 9.6 98.2 39.7 NT  

MQB88-10825 Ss BC1 51.2 36.5 3.1 0.0 

QBYN04-26034 Ss BC1 44.4 57.8 20.4 0.0 

QBYN04-26285 Ss BC1 19.7 NT NT 0.0 

QBYN05-20563 Ss BC1 96.0 33.7 12.9 97.1 

QBYN05-20570 Ss BC1 NT  33.0 14.9 59.0 

KQB09-30110 Ss BC2 37.3 25.7 65.0 0.0 
a Code for cross types Ea = Erianthus arundinaceus, Ss = Saccharum spontaneum, BC1-3 = backcross 1, 2 or 3 
b NT = not tested 

 

Before this project there was only limited information on the lesion and root-knot nematode 

resistance of commercial sugarcane varieties in Australia. This project has shown that there is 

variation in resistance among commercial hybrid varieties. Table 5 lists seven commercial varieties 

that had relative disease scores less than 40% of the standards. The variety CP84-1198 had lower 

relative disease score for both nematode species. This variety was used in one of the BC1 crosses 

with E. arundinaceus which has resulted in many of the introgression clones in this study. 

Table 5.  Commercial hybrid varieties with a relative disease score of less than 40% of the standard 

varieties for root lesion and root-knot nematode. 

Clone Root lesion Nematode Root-knot Nematode 

CP29-116 37 107.4  

CP84-1198 23.7 21.6 

CYT93-159 27.4 139.7  

N29 50.3  23 

Q241A  NTa  36.3 

Q245A  86.0  26 
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Q249A   NTa  31.9 

 NTa = Not Tested 

3.1.6 Discussion 

This project has shown that wild-type clones of E. arundinaceus and S. spontaneum are highly 

resistant to root-knot and lesion nematodes, and some clones from introgression crosses with these 

species are also more resistant than many current commercial varieties. These resistant introgression 

clones appear to have potential to provide useful resistance to nematodes in the SRA Sugarcane 

Breeding Program. Within the sample of commercial varieties screened in this study, a small number 

of varieties had moderate resistance to root-knot and lesion. One of the varieties identified as 

moderately resistant to root-knot nematode, Q245A, has been shown to have 80% fewer root-knot 

nematodes than Q208A in a field trial at Wallaville (Quinn, personal communication).  

 

This would suggest that screening varieties for nematode resistance within the core breeding 

program may provide some useful information on resistance of varieties to aid growers in managing 

nematodes. The resistance ratings of commercial varieties for nematodes and the other diseases 

obtained in this project are available to growers on the web based decision support tool 

QCANESelect (www.sugarresearch.com.au).   

Further work to relate the glasshouse resistance score for nematodes to field reaction in a selection 

of the commercial varieties and introgression clones is part of the current SRA project 2014053 

Introgression phase 1.  

 

BSES/SRA has been actively breeding for resistance to pachymetra root rot since the mid-1980s. 

Some Indonesian accessions of E. arundinaceus were shown to be very highly resistant, almost 

immune, to pachymetra root rot by Magarey and Croft (1996). This project has shown that some 

advanced backcross clones from Chinese E. arundinaceus have high levels of resistance to 

pachymetra root rot. Some S. spontaneum backcross material also shows high levels of resistance to 

this important root disease.  

 

A high proportion of the introgression clones, particularly the crosses with E. arundinaceus, were 

resistant to smut. The crosses with S. spontaneum were on average similar to the clones from the 

core breeding program for smut resistance except for the BC1 clones which were more resistant. The 

E. arundinaceus introgression clones may provide a new source of resistance to smut.  

 

The resistance present in the wild species tended to decrease with each successive backcross 

generation. This was most clearly seen for root-knot nematode in this study. This is not unexpected 

since in each generation of backcrossing the proportion of chromosomes contributed by the wild 

species decreases (Piperidis et al., 2012). The job of the breeder is to select the individual clones 

within populations that retain the genes for the desired trait such as disease resistance in successive 

backcross generations. Currently this requires extensive screening of progeny for each disease of 

interest. Advances in SRA project 2013358 are being made to identify DNA markers which may assist 

in identifying the clones with the desired disease resistance by a simple laboratory test (Piperidis et 

al., 2012). The results from this project have assisted with research to identify DNA markers for 

resistance to pachymetra root rot, lesion nematode, root-knot nematode and smut. 

 

http://www.sugarresearch.com.au/
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This study has shown that introgression crosses can provide valuable resistance to pachymetra root 

rot, nematodes and smut. The introgression clones should provide an important resource for the 

future of the Australian sugar industry.  

 

3.2.   Evaluate introgression clones for commercial release or as parents 

3.2.1  Introduction 

The most promising introgression clones for yield, identified in earlier projects, were propagated and 

planted into final assessment trials (FATs) to evaluate for potential release as commercial varieties or 

to be used as parents in the breeding program. 

 

3.2.2 Methodology 

Clones were planted in a total of 15 trials in the Burdekin, Central, South and NSW regions in 2014. A 

total of 41 clones were planted with each clone planted in at least two trials. The plant crops of the 

trials were harvested in the 2015 season and the results have been analysed and stored in the SRA 

plant breeding database, SPIDNet.  

The trials have been ratooned and further data on performance of the clones will be obtained in the 

first and second ratoon crops after the completion of this project.  Previous results (eg. project 

CTA017) have indicated that introgression clones closely related to S. spontaneum will often perform 

relatively better (relative to standard clones) in ratoon crops than plant crops.  Clones have also been 

planted in FAT trials in the Herbert and North regions in 2015 and the plant crop will be harvested in 

2016. 

3.2.3 Results 

The average relative economic genetic value (rEGV) of the different introgression types was lower 

than the rEGV of the standards in all regions (Table 6). The rEGV is a measure of the genetic worth of 

a clone to the whole sugar industry relative to the average of the standards which is set at 10.  

As expected, the introgression clones generally had lower CSS than the standards. The Ss BC1 clones 

had higher fiber than the standards. The performance of the Ss BC2 clones in NSW trials was only 

slightly below the standards.  

 

Table 6.  Summary of the performance of introgression clone types in plant crop FAT trials 

harvested in 2015 in Burdekin (A), Central (C), South (S) and NSW (W).  

 

Clone type Region 
No. 

clones TCH CCS Fibre TSH rEGV 

STD A 4 150.2 16.8 12.19 25.1 10.00 

Ea BC3 A 14 136.8 15.4 12.24 21.0 8.12 

Ss BC1 A 4 136.6 15.2 13.07 20.7 7.82 

Ss BC2 A 10 138.7 14.9 12.57 20.6 7.35 

STD C 4 95.1 17.3 11.56 16.1 10.00 

Ea BC3 C 15 92.3 16.0 12.22 14.5 8.26 

Ss BC2 C 3 89.7 15.9 11.84 14.0 7.61 

STD S 6 94.7 16.7 12.96 15.8 10.00 
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Ea BC3 S 6 82.4 15.7 12.55 12.9 8.61 

Ss BC1 S 7 87.8 14.6 13.40 12.7 7.89 

Ss BC2 S 2 91.1 16.3 12.95 14.8 9.42 

STD W 11 102.3 13.4   13.5 10.00 

Ea BC3 W 6 83.3 13.0   10.8 8.79 

Ss BC1 W 7 97.5 11.9   11.5 8.31 

Ss BC2 W 2 95.2 13.5   12.7 9.88 
a rEGV = relative economic genetic value, relative to the standards = 10 

 

A summary of the average rEGV of the best performing introgression clones across all trials is shown 

in Table 7. The table also shows the number of trials the clones were included.  

 

The best performing introgression clone was KQ08-1040 which is an Erianthus arundinaceus 

backcross 3 (Ea BC3, Table 7). This clone had an average rEGV of 10.23. It was only included in three 

Central region trials. The TCH and CCS of this clone were either equal to or better than some of the 

standards. This is the only clone recommended for further testing for potential release as a 

commercial variety. Further yield results will be obtained from the first and second ratoon crops of 

the current trials. It is recommended the clone be repeated in FAT trials in the Central region and be 

planted in FAT trials in other regions. Progeny of this clone from 15 different crosses have already 

been planted in progeny assessment trials throughout Queensland. Currently the team is well 

advanced in introducing progeny of KQ08-1040 into the plant breeding program and recommend 

that further crosses be made with this clone.  

 

The second best performing introgression clone was KQB07-33647 which is a Saccharum 

spontaneum backcross 2 (Ss BC2). This clone had an average rEGV of 9.2 and was included in 12 

trials. Other clones that had rEGV greater or equal to 9 were KQ08-1287 (Ea BC3), KQB07-23864 (Ss 

BC2), KQ08-1031 (Ea BC3) and KQB07-23989 (Ss BC2). The best performing Ss BC1 clones were 

KQB09-20048 and KQB09-20432.  

 

Table 7.  Summary of the performance of individual introgression clones in plant crop FAT trials 

harvested in 2015. 

Clone Clone Type rEGVa 

No. 
Trials 

Smut 
Ratingb 

Pachy 
Ratingb 

RKN 
Ratingb 

RLN 
Ratingb 

KQ08-1040 Ea BC3c 10.23 3 2 5 7 8 

KQB07-33647 Ss BC2 9.21 12 2 5 5 8 

KQ08-1287 Ea BC3 9.13 3 4 5 8 8 

KQB07-23864 Ss BC2 9.12 3 4 5 8 8 

KQ08-1031 Ea BC3 9.04 13 5 5 8 8 

KQB07-23989 Ss BC2 8.99 9 5 5 8 8 

KQ08-2664 Ea BC3 8.94 13 5 4 8 8 

KQB09-20048 Ss BC1 8.83 9 7 2 8 8 

KQ08-1329 Ea BC3 8.72 6 2 2 8  
KQ08-1389 Ea BC3 8.67 3 5 4   
KQB09-20432 Ss BC1 8.52 9 5 5 8 8 

KQ08-1231 Ea BC3 8.5 9 4 2 8 8 

KQ08-2838 Ea BC3 8.5 13 2 5 8 8 

KQ08-1140 Ea BC3 8.46 2 2 2 8 8 



SRA Research Report Page 20 of 45 
 
 

KQ09-1736 Ea BC3 8.38 3 5 2 8 5 

KQ08-1158 Ea BC3 8.38 3 2 2 8 8 

KQ08-1201 Ea BC3 8.35 9 4 2 8 8 

KQ08-1391 Ea BC3 8.1 9 2 2 8 8 

KQB09-30014 Ss BC2 8.06 3 4 7 7 8 

KQ09-1744 Ea BC3 8.06 3 5 8 8 8 

KQ08-1348 Ea BC3 8.04 4 2 5 5 5 

KQB09-20290 Ss BC1 7.98 6 5 2   
KQ08-1073 Ea BC3 7.96 3 2 4 8 8 

KQ08-1144 Ea BC3 7.85 3 8 2 8 8 

KQB07-23976 Ss BC2 7.76 3 2 4 8 8 

KQB09-20624 Ss BC1 7.76 6 7 5   

KQB09-20485 Ss BC1 7.69 6 4 5   
KQ08-1046 Ea BC3 7.61 3 3 5 8 6 

KQB07-34350 Ss BC2 7.6 7 4 5 8 8 

KQB07-24524 Ss BC1 7.58 9 2 5 8 8 

KQ08-1053 Ea BC3 7.58 4 4 5 2  
KQ08-1306 Ea BC3 7.52 6 5 4 8 8 

KQ08-2408 Ea BC3 7.5 3 5 5 8 8 

KQB09-20328 Ss BC1 7.42 6 5 5   
KQB09-20481 Ss BC1 7.22 3 2 5 8  
KQ08-1296 Ea BC3 6.99 4 2 5 8 8 

KQ08-2552 Ea BC3 6.94 6 2 5 8 8 

KQB07-34476 Ss BC2 6.31 3 2 8 8 8 

KQB07-24887 Ss BC2 6.2 3 2 8 8 8 

KQB09-30107 Ss BC2 6.19 6 8 5 5  
KQB09-30117 Ss BC2 5.78 3 8 5 5 8 

 
a rEGV = relative economic genetic value, average of all trials 
b Disease resistance ratings are on 1-9 scale where 1 is highly resistant and 9 is highly susceptible 
c Code for cross types Ea = Erianthus arundinaceus, Ss = S. spontaneum, Sr = S. robustum, F1 = first 
cross between wild type species and hybrid, BC1 = backcross 1, BC2 = backcross 2, BC3 = backcross 3 

 

3.2.4 Discussion 

Other than KQ08-1040, the introgression clones are probably not suitable for release as varieties but 

could be valuable parent clones and many are already being used as parents.  Monitoring of ratoon 

performance will be important however, given an expectation that these type of clones may show 

strong ratooning performance.  Where no progeny performance data exists, the results of the FAT 

trials and the disease resistance ratings will be used in calculations of breeding value of these 

introgression clones as parents.  

 

Many of these clones have already been used in crosses in this project and have seed available in the 

SRA seed store (Table 8). The best performing clone, KQ08-1040, has seed from 14 crosses in the SRA 

seed store. The second best performing clone, KQB07-33647, has not been used in crossing to date 

and crosses with this clone should be given a high priority. 
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It is recommended that crosses with the introgression clones with rEGV greater or equal to 9 should 

be given special emphasis in the breeding program. The Ss BC1 clones should be used in crossing 

because with further back-crossing the performance of their progeny would be expected to improve. 

The top performing Ss BC1 clone, KQB09-20048, is resistant to Pachymetra but moderately 

susceptible to smut and susceptible to root-knot and lesion nematodes. It has been used as a parent 

in four crosses and recommend that the seed from these crosses be planted in PAT trials and further 

crosses be made with this clone. 

 

Table 8.  Availability of seed of crosses using introgression clones included in the 2014 FAT trials. 

 

Clone Clone Type rEGV 
Crosses 

with seed 

KQ08-1040 Ea BC3a 10.23 14 

KQB07-33647 Ss BC2 9.21 0 

KQ08-1287 Ea BC3 9.13 1 

KQB07-23864 Ss BC2 9.12 2 

KQ08-1031 Ea BC3 9.04 7 

KQB07-23989 Ss BC2 8.99 12 

KQ08-2664 Ea BC3 8.94 7 

KQB09-20048 Ss BC1 8.83 4 

KQ08-1329 Ea BC3 8.72 0 

KQ08-1389 Ea BC3 8.67 1 

KQB09-20432 Ss BC1 8.52 0 

KQ08-2838 Ea BC3 8.5 1 

KQ08-1231 Ea BC3 8.5 0 

KQ08-1140 Ea BC3 8.46 1 

KQ08-1158 Ea BC3 8.38 7 

KQ09-1736 Ea BC3 8.38 0 

KQ08-1201 Ea BC3 8.35 1 

KQ08-1391 Ea BC3 8.1 2 

KQB09-30014 Ss BC2 8.06 0 

KQ09-1744 Ea BC3 8.06 0 

KQ08-1348 Ea BC3 8.04 3 

KQB09-20290 Ss BC1 7.98 4 

KQ08-1073 Ea BC3 7.96 1 

KQ08-1144 Ea BC3 7.85 6 

KQB07-23976 Ss BC2 7.76 6 

KQB09-20624 Ss BC1 7.76 0 

KQB09-20485 Ss BC1 7.69 3 

KQ08-1046 Ea BC3 7.61 8 

KQB07-34350 Ss BC2 7.6 3 

KQ08-1053 Ea BC3 7.58 2 

KQB07-24524 Ss BC1 7.58 3 

KQ08-1306 Ea BC3 7.52 0 

KQ08-2408 Ea BC3 7.5 0 

KQB09-20328 Ss BC1 7.42 0 

KQB09-20481 Ss BC1 7.22 1 
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KQ08-1296 Ea BC3 6.99 1 

KQ08-2552 Ea BC3 6.94 1 

KQB07-34476 Ss BC2 6.31 0 

KQB07-24887 Ss BC2 6.2 0 

KQB09-30107 Ss BC2 6.19 2 

KQB09-30117 Ss BC2 5.78 3 

 
a Code for cross types Ea = Erianthus arundinaceus, Ss = S. spontaneum, Sr = S. robustum, F1 = first 

cross between wild type species and hybrid, BC1 = backcross 1, BC2 = backcross 2, BC3 = backcross 3 

 

 

3.3 Develop new methods of rating large numbers of clones for nematode 

resistance 

3.3.1 Introduction 

At the start of this project there was no standard method available to screen large numbers of 

sugarcane clones against plant-parasitic nematodes. The project aimed to define the best soil or 

medium (in terms of physical and chemical properties) suitable for plant and nematode growth, 

identify methods for producing high quality nematode inoculum, and define the temperature and 

moisture conditions in pots that are suitable for both the plants and the nematodes. The other 

important aspect was to formulate an assessment method for nematode resistance that was reliable 

and suitable for screening large numbers of clones. Experiments were conducted to establish the 

best methods for screening for two species of nematodes, root-knot and lesion nematodes. Further 

refinements of the methods occurred throughout the project. This research has been reported in 

detail in Bhuiyan et al. (2014) and Bhuiyan et al. (2016) (Appendices 1 and 3). 

3.3.2 Methods and Results 

Root lesion nematode (RLN) 

Potting mix 

 

RLN can be grown on sterile carrot discs (Moody et al., 1973) and this provides a reliable and 

convenient inoculum source. SRA staff were trained in this technique by Graham Stirling and have 

successfully used the technique for all lesion nematode research. A trial was established to screen a 

number of potting media to determine the optimal medium for conducting screening for resistance 

to RLN. One-eye setts of Q208A were planted in pots with the following potting media:  

1. Coarse sand  

2. Fine brown sand 

3. 50% coarse sand + 50% Boral top soil 

4. 50% coarse sand + 50% Boral soil mix 

5. 50% fine sand + 50% Boral top soil 

6. 50% fine sand + 50% Boral soil mix 

7. University of California (UC) potting mix (coarse sand and peat) 

 

Boral top soil is a black sandy loam and Boral soil mix is a mix of the Boral top soil and mill mud. 
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This experiment was planted and inoculated with 1000 nematodes/pot in September and harvested 

in January 2012. The parameters measured were: dry weight of tops, number of nematodes per 

plant, the number of nematodes at the end of the experiment divided by the number of nematodes 

used as inoculum (Pf/Pi).  A visual score of the severity of root lesions was also made. The visual 

rating was trialled as a method for rapidly measuring nematode damage. 

 

The highest number of nematodes was observed in roots grown in the mix of coarse sand and Boral 

soil, followed by the mix of fine sand and Boral soil mix (Table 9). No significant differences were 

observed with other potting media. All potting media supported good nematode multiplication with 

15 to 35 times increase in nematode numbers during the trial. 

Although nematode numbers were lower in the fine sand used in the initial nematode screening trial, 

this potting mix is easy to source and has some practical advantages in extraction of roots and 

nematodes.  

No positive correlations were observed between visual lesion score or top shoot weight and 

nematode numbers per plants. The visual score is therefore unlikely to be a good method of rating 

for lesion nematode resistance. 

 

Table 9. Effect of potting medium on multiplication of RLN on sugarcane 

 

Potting mix type * Pf/Pi Root rating Top weight 

Coarse sand and Boral soil mix 35.06 A 2.4 C 15.9 AB 

Fine sand  and Boral soil mix 19.1 AB 2.6 BC 21.9 A 

Fine sand and Boral topsoil 15.6 B 4.0 AB 14.2 B 

UC soil mix 15.5 B 3.0 BC 13.8 B 

Fine sand 15.2 B 3.8 ABC 15.3 B 

Coarse sand 18.4 AB 3.6 ABC 16.3 AB 

Coarse sand and Boral topsoil 15.4 B 4.6 A 13.7 B 

LSD (P=0.05) ** 19.0 1.5 6.1 

* Boral top soil is a black sandy loam and Boral soil mix is a mix of the Boral top soil and mill mud.  

** Value with same letter(s) within a column are not significantly different using Fisher’s LSD test 

(P=0.05) 

 

Harvesting time and extraction method 

Research trials were established in September 2011 to compare harvesting times and extraction 

methods for RLN. The objectives of this experiment were to determine a suitable extraction method 

and harvest time for resistance screening trials.  

 

One-eye setts of Q208A were planted in 1 L pots and inoculated with 1000 root lesion 

nematodes/pot. Five pots were harvested at 4, 5, 6, 7, 8, 9, 10, 11, 12, 13 weeks after inoculation. 

The Whitehead tray and misting nematode extraction were compared on sub-samples from each 

pot. The effect of storage on extraction of nematodes was also investigated. Half of the samples 

were stored for 7 days at 25°C before extraction using Whitehead and misting methods.  

 

The results showed that the nematode numbers increased 10 fold and 30 fold by seven weeks and 11 

weeks after inoculation respectively (Figure 5). There was no clear peak in nematode population but 

the increase appeared to slow after week 12. The Whitehead tray method, with the extraction 
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commencing on the same day as the harvest, gave slightly higher nematode counts than the misting 

method, although they were not significantly different (Figure 6). Storing the samples for 7 days did 

not increase the recovery of nematodes using either of the methods.  

The Whitehead tray method was selected for future research on RLN as it is far more practical for the 

large numbers of samples generated by variety screening trials.  

 

 

 

 
Figure 5.  Effect of harvesting time on RLN population in sugarcane roots.  
 

 

 

 

 
Figure 6. Effect of extraction methods on recovery of RLN from sugarcane roots with the 
Whitehead tray method (WH) and misting chamber method (MC). 
 

 

Recovery of RLN with different extraction periods 

An experiment was conducted to measure the proportion of the total population that is extracted for 

different times of running the Whitehead tray extraction method.  
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This experiment was conducted to determine the most practical extraction period for future 

experiments and the proportion of nematodes extracted, which can be used in the calculation of 

final population over initial population (Pf/Pi).   

 

 

Plants of Q208A were grown and inoculated with RLN, as described in the other experiments, and the 

plants were harvested at 14 weeks after inoculation. Approximately 300 g of soil and root samples 

were placed in a Whitehead tray and kept in an incubator at 25°C. Nematodes were extracted at 3, 5, 

9, 12, 14, 16 and 19 days. After the water and nematodes were removed from the trays at each 

extraction time, fresh water was added to the trays and the extraction continued.  

  

Twenty seven percent of the nematodes were extracted in the first three days (9000 

nematodes/plant) and two thirds were extracted after nine days. The nematode numbers fell sharply 

after the 12 day extraction period and relatively low numbers of nematodes were collected in the 

last three periods (up to day 19; Figure 7).  A three day extraction period was selected for all 

nematode resistance screening trials as this allowed large numbers of samples to be processed 

efficiently and the relative numbers of nematodes on different clones to be estimated. 

 

 

 

Figure 7.  Effect of extraction time on recovering of RLN from soil and root mix using 
Whitehead method.  

 

Root-knot nematode (RKN) 

Potting mix 

The first experiment aimed to find a potting medium suitable for work with RKN. Tomato rather than 

sugarcane was used, as it is an excellent host of the nematode. Tomato plants have been used in all 

RKN research in this project to provide the starting inoculum.  Tomato seedlings (cv. Tiny Tim) were 

planted in a range of sands, soils and commercial potting media in 1 L plastic pots. One week after 

establishment, the plants were inoculated with 5,000 eggs of Meloidogyne javanica.  

Pots were placed on a bench using a complete randomised design, and each treatment was 

replicated twice. Three weeks after inoculation, roots were rated visually for galling using an index 

from 1 to 5, where 1 = 0 to few galls and 5 = >30% roots affected (Sasser et al. 1984). 
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The highest gall index was observed in fine brown sand, although this was not significantly different 

from coarse sand and other media containing coarse sand (Table 10). Premium garden soil gave the 

lowest nematode infestation.  

 

Table 10.  Effect of potting medium on the level of galling caused by root-knot nematode (RKN) on 

tomato  

Treatment Root gall index A 

Brown fine sand  5.0 a 

Coarse sand and Boral top soil  (1:1) 4.5 a 

Coarse sand, Boral top soil and peat  (2:2:1) 4.5 a 

Coarse sand  4.0 ab 

Coarse sand and peat  (1:1) 4.0 ab 

Coarse sand , Boral soil mix and peat  (2:2:1) 4.0 ab 

Coarse sand and Boral soil mix  (1:1) 4.0 ab 

Premium garden soil and coarse sand (1:1) 3.5 b 

Coarse sand, brown fine sand and peat  (2:2:1) 3.0 b 

Coarse sand and brown fine sand  (1:1) 3.0 b 

Coarse sand and peat  (4:1) 3.0 b 

Premium garden soil  1.1 c 
A Root gall indices  with the same letter(s) are not significantly different using Fisher’s LSD test (P<0.05)  

Extraction method 

The aim of this experiment was to determine the most reliable and practical method of extracting 

RKN from roots and soil for future variety screening trials. Four-week old tomato plants (cv. Tiny Tim) 

were inoculated with 10,000 eggs of M. javanica by pipetting an egg suspension into two holes near 

the base of the plants.  Eleven weeks after inoculation, the root ball was cut in half and the sand and 

roots from one of the two halves was placed in plastic bag and maintained at 25oC for a week. The 

remaining root and potting medium samples were divided into three batches. Each batch was 

subjected to one of the three extraction methods: bleach, Whitehead tray and misting. 

 

Similar numbers of juvenile RKN were recovered with the misting and Whitehead tray methods of 

extraction, regardless of whether roots and soil were processed immediately after harvest or stored 

for a week before extraction (Table 11).  Significantly higher numbers of nematodes were extracted 

with both methods when samples were stored for one week before being processed. The bleach 

method (used to extract eggs rather than juvenile nematodes) was much more effective than either 

the misting or Whitehead tray methods, recovering a far higher number of nematodes (Table 11). 

Storage of root systems at room temperature for a week before extraction resulted in 40% fewer 

eggs.  

 

Table 11.  Efficacy of three methods of extracting root-knot nematodes from tomato plants, and 

the impact of processing samples immediately after harvest, or storing roots and soil for one week 

at 25°C before processing.  

 

Extraction method  Nematode stage 
extracted 

Nematodes/plant 
(Immediately)  

Nematodes/plant 
(storage for 1 week) 

Misting Juvenile 26,588 b 48,244 a 

Whitehead Juvenile 21,152 b 36,913 a 

Bleach Eggs 410,153 a 248,525 b 
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Data are mean of five replications. Means with same letter in a column or row are not significantly 
different using Fisher’s protected LSD test (P=0.05) 

 

Visual rating of RKN 

An experiment was conducted to compare visual rating of damage from RKN with the quantitative 

measurements of nematodes and nematode eggs in a range of sugarcane and Erianthus clones with 

differing resistance to RKN. Two basic E. arundinaceus (IJ76-389 and IK76-48) clones, two Erianthus 

progeny clones (QBYC05-20865 and QBYC06-30138) and two commercial sugarcane cultivars (Q208A 

and Q200A) were included in this experiment. Plants were grown in 1 L pots in fine washed pit sand, 

and arranged on a bench in the glasshouse using a randomised complete block design with five 

replications.  

 

After two weeks, pots were inoculated with approximately 5,000 RKN eggs. Ten weeks after 

inoculation, root systems were washed free of potting mix with water and visually rated for galling 

on the 0 to 5 scale. After the visual rating, each root system was divided into two batches; the 

second-stage juveniles and adults, and eggs were extracted using Whitehead tray and bleach 

methods respectively. Nematode extraction and counting procedures were the same as described in 

the potting mix experiment. The lowest numbers of nematodes and eggs, and the lowest visual gall 

rating, were observed in basic Erianthus clones, followed by BC1 and BC2 clones (Table 12).  

 

 

The two commercial cultivars had the highest gall rating and nematode numbers, with Q200A 

maintaining higher nematode populations and showing higher levels of galling than Q208A. There 

were highly significant correlations between the number of eggs extracted with the bleach method, 

the number of adult and juvenile nematodes extracted with the Whitehead tray method, and the 

visual ratings of RKN damage on the roots (Table 13). The bleach method and visual rating provided 

better separation between test clones than the Whitehead tray method.  

 

Table 12.  Comparison of bleach, visual rating and Whitehead tray methods for determining the 

relative resistance of various sugarcane cultivars and Erianthus clones to root-knot nematode. 

 

Clone Clone type A Bleach B Visual rating Whitehead 

Q200A   Commercial 578,637 a 5.0 a 49,958 a 

Q208A   Commercial 251,426 b 4.4 b 41,334 a 

QBYC06-30138 BC2 Ea  179,560 bc 3.6 c 18,305 b 

QBYC05-20865 BC1 Ea 46,602 bc 3.4 c 8,041 b 

IJ76-389 Ea 24,870 c 1.0 c 4,993 b 

IK76-48 Ea 16,324 c 1.0 c 4,688 b 
A BC2 Ea = backcross 2 progeny of  E. arundinaceus; BC1 Ea = backcross 1 progeny of E. arundinaceus; Ea = basic clone of  

E. arundinaceus. B Each data point is the mean of five replications. Means with same letter(s) in a column are not 

significantly different using Fisher’s protected LSD (P=0.05) test.  

 

 

Table 13.  Pearson correlations between bleach extraction, visual rating and Whitehead tray 

methods of assessing populations of root-knot nematode on sugarcane cultivars and Erianthus 

clones.  

 

Methods Correlation A P value 
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Bleach vs Visual 0.625 0.0002 

Whitehead vs Bleach 0.5009 0.0045 

Visual vs Whitehead 0.6395 0.0001 
A  Correlations between the three methods for each individual plants, and the number 
plants in each comparison, n=5. 

 

3.3.3 Discussion 

This research identified suitable media, extraction time and assessment methods for RLN and RKN 

for future screening experiments with sugarcane and its close relatives.   

 

The experiments with RLN showed that it can multiply in a diverse range of potting media and  soil 

types, a result that was not unexpected, given that this nematode is prevalent on a wide range of 

soils (sandy loams, clay loams and clays) in cane-growing regions of Australia (Blair et al., 1999 a, b). 

A commercial seed raising mix proved to be one of the best media in our experiments and we are 

now using this medium for screening trials because it is readily available and easy to process. For 

root-knot nematodes, fine sand was the potting medium that provided the best results. This 

nematode is more common in sandy soils (Cadet and Spaull 2005). Fine sand is easy to source and 

process, and has been adopted as the potting medium for the screening trials with RKN. 

 

 

Both misting and Whitehead tray methods of extraction used in the experiments retrieved similar 

numbers of nematodes. The disadvantage of measuring juvenile nematodes is only a small 

proportion of the progeny produced by females are recovered, and this is apparent from the much 

higher number of nematodes recovered as eggs with the bleach method. Samples can be stored 

before processing with the bleach method at 4°C for a number of weeks, making it more practical for 

processing large numbers of samples as the work load can be spread over a number of weeks. 

 

For RKN, a visual rating of root damage also provided useful results, as it was highly correlated with 

the number of nematodes extracted with bleach or Whitehead tray methods.  Trials are currently 

including visual rating as an assessment method when screening clones for resistance to RKN as it 

takes less than a minute to assess each plant. If data obtained in the future continues to show a 

strong correlation between the two methods, it may be possible to use the visual rating in initial 

screening trials, as it would allow greater clone screening with fewer labour inputs.  

 

3.4 Make crosses and evaluate families to provide comparative estimates of 

breeding values of new germplasm and current parental clones 

3.4.1 Introduction 

The ultimate goal of this introgression project was to provide new valuable germplasm for the 

breeding program leading to more productive disease resistant varieties. This involves multiple 

stages of backcrossing between the early stage introgression material and high breeding value 

parents with the aim of improving sugar content of the progeny while hopefully retaining some of 

the good traits of stress and disease resistance from the wild relatives.  

 



SRA Research Report Page 29 of 45 
 
 

3.4.2 Method and Results 

Make Crosses 

Elite introgression clones were selected for use as parents based on the results from yield and 

disease trials, and propagated at Meringa in 2012 and 2013. In 2013, 224 crosses were made with 

the introgression parents, and in 2014, 386 crosses were made (Table 14). Some innovative multi-

species crosses were also made. A selection of the crosses were planted in progeny assessment trials 

at Meringa, Burdekin and Central Experiment Stations and clones have been selected from the 

families for further testing. Seed of the other crosses has been stored and will be available for future 

assessment.  

 

Table. 14  The progeny type of crosses involving introgression parent clones made at Meringa in 

2013 and 2014. 

 

Progeny Type 
Number of 

crosses 2013 
Number of 

crosses 2014 
Total number of 

crosses 

Ea BC1a   3 3 

Ea BC2 x Ss BC1   1 1 

Ea BC2 x Ss F1   1 1 

Ea BC3 41 24 65 

Ea BC3 x Ea BC3   3 3 

Ea BC3 x Ep BC2   2 2 

Ea BC3 x Ss BC1 1 1 2 

Ea BC3 x Ss BC2   2 2 

Ea BC3 x Ss F1 1 6 7 

Ea BC4 36 77 113 

Ea F1 x Ss F1   1 1 

Ep BC3 3 13 16 

Sr BC1 5 3 8 

Sr BC2 9 5 14 

Ss BC1 31 62 93 

Ss BC1 x Ea BC2   4 4 

Ss BC1 x Ss BC2   3 3 

Ss BC1 x Ss F1   1 1 

Ss BC2 62 92 154 

Ss BC2 x Ss BC1   1 1 

Ss BC3 21 70 91 

Ss BC4   6 6 

Ss F1 x Sr F1   1 1 

Ss F1 x Ss BC1   1 1 

Ss F1 x Ss F1   3 3 

Ss BC1xSr F1  2   2 

Sr BC1xEa BC2  1   1 
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Ea BC2xSr BC1  2   2 

Ss F1  8   8 

Ep BC2  1   1 

Total 224 386 610 

 
a Code for progeny types Ea = Erianthus arundinaceus, Ep = Erianthus procerus, Ss = S. spontaneum, Sr = S. robustum, F1 = 

first cross between wild type species and hybrid, BC1 = backcross 1, BC2 = backcross 2, BC3 = backcross 3 

  

 

Evaluate families 

Seed from a selection of introgression crosses was germinated at North, Burdekin and Central 

Stations and planted into the 2013 progeny assessment trials (PATs). The number of crosses or 

families of each cross type planted at the three Stations is shown in Table 15. A total of 73 crosses 

were planted in the North PAT trial, 31 in the Burdekin and 25 in the Central. 

 
 
 
 
 
 
 
Table 15.  Number of crosses of each introgression type planted in North, Burdekin and Central PAT 
trials in 2013. 
 

Progeny Type North Burdekin Central 

Ea BC2a 1 1 0 

Ea BC3 1 0 0 

Ea BC4 5 3 7 

Ep BC3 1 0 0 

Sr BC1 1 1 0 

Sr BC2 5 3 0 

Ss BC1 24 7 16 

Ss BC2 20 6 0 

Ss BC3 8 5 0 

Ss BC4 1 1 0 

Ss F1 6 3 2 

Ss F2 0 1 0 

Grand 73 31 25 
a Code for progeny types Ea = Erianthus arundinaceus, Ep = Erianthus procerus, Ss = S. spontaneum, Sr = S. robustum, F1 = 

first cross between wild type species and hybrid, BC1 = backcross 1, BC2 = backcross 2, BC3 = backcross 3 

 

On average, the introgression families had lower tonnes sugar per ha (TSH) than the families from 

the core plant breeding program (Table 16). The CCS was lower and the percent fiber was higher in 

the introgression families. 

 

Table 16.  Average yield of introgression families compared to families from the core plant 

breeding program. 
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 Region/Family Type No. Families 
No. Clones 

Selected 
Av. TCH Av. CCS Av. Fibre Av. TSH 

North             

  Core 178 1890 68.40 12.40 15.22 8.48 

  Introgression 73 314 66.00 11.38 16.92 7.51 

  Total 251 2204         

Burdekin             

  Core 152 2098 92.48 13.21 NA 12.22 

  Introgression 31 83 93.07 12.26 NA 11.41 

  Total 183 2181         

Central             

  Core 188 2182 77.21 14.22 NA 10.98 

  Introgression 25 141 76.34 13.35 NA 10.18 

 

The performance of the top 10 introgression families in each region compared to the top family from 

the core plant breeding program is shown in Table 17. Although on average, the introgression 

families did not perform as well as the best families from the core program, five introgression 

families were ranked in the top 50 families in the North PAT series (total families 251) and four in the 

Burdekin PAT series (total families 183). In the North PAT, two Sr BC2 families, one Ep BC3 and two Ss 

BC3 families were ranked in the top 50 families.  

In the Burdekin PAT, two Ss BC3, one Sr BC2 and one Ea BC4 were ranked in the top 50 families. Two 

families were ranked in the top 50 in both the North and Burdekin PATs (Sr BC2 family Q231xKQB07-

24644 and Ss BC3 family KQ09-2180xKQB07-23989).  

 

Clones have been selected from most of these higher ranking introgression families and will be 

planted in clonal assessment trials (CATs) in 2016 or 2017. One introgression parent of interest is 

KQ08-1040 (Ea BC3) which was the introgression parent of the family that ranked (29/183) in the 

Burdekin and was the parent of the top introgression family in the Central Pat (69/215). This clone is 

of interest because it had the best performance of any introgression clone in the FAT trials.  

 

Some of the families included in these PATs were from earlier backcross generations and therefore 

would be expected not to perform well especially for sugar content compared to the core families. 

Clones were selected from some of these families for further testing and for potential use as parents 

in an on-going introgression breeding program.  

 

The large number of introgression crosses produced in this project will provide a valuable resource 

for future studies and for on-going introgression breeding in the Australian sugar industry. The clones 

selected from introgression families in the PAT trials will be tested for potential as commercial 

varieties in coming years and as parents for further introgression breeding. The most promising 

families came from a range of the introgression species, including families derived from S. 

spontaneum, Erianthus arundinaceus, Erianthus procerus and Saccharum robustum. The use of the 

progeny from these families in the Australian breeding program should widen the genetic diversity of 

the Australian germplasm. 

 

Table 17.  Yield of the top 10 introgression families in the North, Burdekin and Central PAT trials 

compared to the top family from the core program. 
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  Type 
Av. 
TCH 

Av. 
CCS 

Av. 
Fibre 

Av. 
TSH 

No. 
Clones 

Selected Rank 

North             (251)b 

QC83-631 x QC90-289 Core 80.57 13.36 14.35 10.76 33 1 

Q208 x KQB07-23856 Sr BC2a 76.10 12.90 15.95 9.82 14 7 

KQB09-23160 x Q232 Ep BC3 79.66 12.02 16.10 9.57 10 20 

Q231 x KQB07-24644 Sr BC2 78.72 12.01 16.03 9.46 28 24 

KQ09-2180 x KQB07-23989 Ss BC3 74.19 12.45 15.61 9.23 19 32 

Q231 x MQ96-25 Ss BC3 71.62 12.84 16.37 9.20 8 34 

KQB08-22703 x Q232 Ss BC2 74.82 11.90 18.39 8.90 3 63 

Q231 x KQB07-23227 Ss BC2 74.71 11.82 16.67 8.83 14 73 

KQB07-34148 x MIDA Ss BC3 70.54 12.49 16.54 8.81 28 74 

Q208 x QBYC04-10577 Ss BC1 75.30 11.46 18.20 8.63 4 99 

KQB07-24619 x Q235 Ss BC2 70.94 12.04 16.34 8.54 7 106 

               

Burdekin             (183) 

Q183 x QN93-3670 Core 97.39 14.44   14.06 156 1 

KQ09-2180 x KQB07-23989 Ss BC3 96.54 13.76   13.28 30 11 

Q231 x KQB07-24644 Sr BC2 102.33 12.77   13.06 0 22 

KQ08-1040 x QC03-182 Ea BC4 94.64 13.72   12.98 20 29 

KQB07-34148 x MIDA Ss BC3 97.93 13.21   12.94 12 34 

Q208 x QBYC05-10199 Ss BC1 96.29 12.81   12.33 0 76 

Q208 x KQB09-20328 Ss BC2 99.75 12.34   12.31 0 78 

KQB07-24619 x Q232 Ss BC2 101.15 12.09   12.23 0 84 

QN80-3425 x KQB07-23856 Sr BC2 95.08 12.84   12.21 1 87 

KQ228 x KQB07-33198 Ss BC3 89.22 13.58   12.12 15 97 

Q208 x QBYN04-10472 Ss BC1 96.70 12.52   12.11 0 100 

               

Central             (215) 

QC03-101 x QC90-289 Core 88.22 14.94   13.18 8 1 

KQ08-1040 x QC03-182 Ea BC4 79.44 14.45   11.48 4 69 

QN86-2139 x QB00-3014 Ss BC1 83.10 13.64   11.34 3 81 

Q246 x QB00-3014 Ss BC1 80.63 13.92   11.22 1 91 

QN85-1271 x QB00-3069 Ss BC1 85.38 13.14   11.22 6 92 

Q117 x QB00-3073 Ss BC1 78.45 13.81   10.83 4 117 

Q208 x QB00-3069 Ss BC1 84.34 12.84   10.83 1 118 

QS00-486 x QB00-3014 Ss BC1 79.39 13.57   10.78 3 122 

QC83-626 x QB00-3069 Ss BC1 84.98 12.53   10.65 9 131 

Q252 x KQ08-6004 Ea BC4 76.59 13.90   10.65 3 132 

QC03-101 x QB00-3014 Ss BC1 80.92 13.14   10.63 4 134 

   
a Code for progeny types Ea = Erianthus arundinaceus, Ep = Erianthus procerus, Ss = S. spontaneum, Sr 

= S. robustum, F1 = first cross between wild type species and hybrid, BC1 = backcross 1, BC2 = 

backcross 2, BC3 = backcross 3 
bTotal number of crosses in PAT in that region 
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Economic breeding values ($EBV) for all introgression clones that have data from their progeny in 

PAT trials or, if this is not available, from the clones performance in CAT or FAT trials are calculated 

by the SRA plant breeders to assist them in selecting crosses. $EBV combines yield performance of 

progeny or the clone and disease resistance ratings. The breeding values calculated for the top 20 

introgression clones based on PAT data collected in this project are shown in Table 18 with the 

breeding value of Q208A for comparison. Q208A has been widely used as a parent in recent years and 

many of its progeny have performed well and is therefore a good comparator. Separate breeding 

values are calculated for each region (North –N, Burdekin-A, Central-C and South-S) and an average 

across all regions (Av). One Ss BC2 clone, KQB07-34148, had a breeding value higher than Q208A. This 

clone performed well as a parent in North and Burdekin PAT trials (Table 17) and has good disease 

resistance. Two other Ss BC2 clones, KQB07-23989 and MQ96-25, also have breeding values similar 

to Q208A. Other clones in the top 20 were a mixture of wild species and backcross stage.  

 

 

Table 18.  Economic breeding values for the top 20 introgression clones based on performance of 

their progeny in PAT trials. Q208A is included for comparison. 

 

Clone Type $EBV_N $EBV_A $EBV_C $EBV_S $EBV_Av 

KQB07-34148 Ss BC2 23.7 9.2 23.1 31.8 22.0 

Q208   28.0 16.7 21.2 20.6 21.6 

KQB07-23989 Ss BC2 27.0 17.2 18.8 19.2 20.5 

MQ96-25 Ss BC2 19.9 13.1 14.6 21.8 17.3 

KQB07-23856 Sr BC1 18.9 8.2 12.1 16.9 14.0 

KQB09-23160 Ep BC2 19.3 4.9 13.6 17.7 13.9 

KQ08-1040 Ea BC3 13.4 17.1 7.8 14.9 13.3 

KQB07-33198 Ss BC2 12.7 6.7 8.3 14.4 10.5 

KQB08-22703 Ss BC1 10.7 2.3 10.0 17.1 10.0 

QBYN04-20119 Ea BC1 4.8 6.9 10.6 16.3 9.6 

KQ08-1144 Ea BC3 6.7 4.2 8.0 8.0 6.7 

KQB07-24644 Sr BC1 6.3 1.8 5.5 7.8 5.4 

QBYN05-20563 Ss BC1 6.8 4.1 2.3 4.7 4.5 

KQB07-23227 Ss BC1 -0.1 1.8 5.8 7.0 3.6 

QBYC05-10199 Ss F1 2.7 1.4 2.6 7.6 3.6 

KQB09-20031 Ss BC1 4.5 3.9 3.3 0.5 3.0 

KQB09-30014 Ss BC2 -2.0 2.8 1.3 -2.4 -0.1 

KQB07-34851 Ss BC2 2.1 4.2 -2.2 -5.6 -0.4 

MQB89-12336 Sr F1 -2.9 -8.8 1.7 4.9 -1.3 

KQB09-20256 Ss BC1 -2.9 -4.9 -4.1 -5.3 -4.3 

KQ08-2859 Ea BC3 -5.8 1.4 -3.7 -9.6 -4.4 

 
a Code for cross types Ea = Erianthus arundinaceus, Ep = Erianthus procerus, Ss = S. spontaneum, Sr = S. robustum, F1 = first 

cross between wild type species and hybrid, BC1 = backcross 1, BC2 = backcross 2, BC3 = backcross 3 

 

3.4.3 Discussion 

Over 600 new introgression crosses have been made in this project. These crosses will provide a 

valuable resource of new genetic diversity for the Australian sugar industry. The new crosses include 
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four wild relatives of sugarcane; Erianthus arundinaceus, Erianthus procerus, S. spontaneum and S. 

robustum. These include new crosses between commercial parents with the basic wild germplasm 

and all stages up to backcross 4 with the commercial parents. Some innovative multi-species crosses 

were made. An on-going commitment is needed to evaluate these crosses and to select clones with 

useful traits for further use as parents and potential commercial varieties. This is a long term 

investment in the future of the sugar industry. 

 

Ninety eight introgression families were assessed in PAT trials some being tested at multiple 

locations. Some families performed as well as families from the core breeding program and clones 

have been selected from these for assessment in CAT trials.  As would be expected the earlier 

backcross generations had lower CCS and higher fiber. Further backcrossing will be required before 

many of the families can provide potential commercial varieties but the results obtained have shown 

that some introgression parents have potential that should be exploited. 

 

The results of PAT and FAT trials have been used to calculate a breeding value for each of the 

introgression clones and these values are available for SRA and CSIRO plant breeders to select 

crosses that will potentially provide future varieties for the Australian sugar industry.  

4. Outputs and Outcomes 
 

The project has produced data on the yield, breeding value, lesion nematode, root-knot nematode, 

pachymetra root rot and smut resistance of more than 600 introgression clones. This data is stored in 

the SRA plant breeding database, SPIDNet, and will be available for future research. Researchers in 

the new project, 2014053 Introgression Phase 1, are using the data to assist in their project which is 

building on this research. 

 

The project found that family selection for tonnes cane per ha and CCS, combined with visual rating 

within families, should be used in introgression breeding. This finding has been presented to 

sugarcane plant breeders for implementation through on-going introgression breeding programs. 

 

Methods for screening large numbers of clones for resistance to lesion and root-knot nematodes 

have been developed and the methods have been detailed in scientific papers (Bhuiyan et al. 2014 

and Bhuiyan et al. 2016). SRA researchers and technicians have gained skills in all aspects of 

conducting nematodes resistance screening including producing inoculum of the two species of 

nematodes, conducting nematode glasshouse experiments, extracting and counting the two species 

of nematodes. These methods have been adopted as a routine component of the SRA breeding 

program and all new varieties will be screened for resistance with these methods. The ratings 

obtained for commercial varieties in the project are stored in the SRA plant breeding database 

SPIDNet and are available to growers thorough the on-line tool QCANESelectTM and SRA variety 

guides. Growers have shown interest in these ratings and are using them when selecting varieties for 

areas known to suffer from nematodes.  

 

One introgression clone derived from Erianthus arundinaceus, KQ08-1040, has shown potential as a 

commercial variety. The clone needs further testing but potentially could provide a direct industry 

outcome. Over 600 crosses have been made with a wide range of introgression clones. These crosses 
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and subsequent progeny from these crosses will be a resource for the Australian sugar industry for 

many years to come. Already plant breeders are using the introgression clones in crosses for the core 

breeding program. 

 

This project has collaborated closely with other projects designed to identify DNA markers for 

disease resistance (Projects 2012026 Smut resistance mechanisms, 2013358 Cytogenetics and 

molecular tools and 2015809 SNP chip). DNA markers for disease resistance will greatly improve the 

speed and efficiency of introgression breeding.   

 

 

 

 

 

 

 

5. Intellectual Property (IP) and Confidentiality 
Commercial varieties have not been released within the time-frame of this project, but if in the 

future a commercial variety is produced, it will be covered by Plant Breeder’s Rights (PBR). SRA will 

apply for PBR on behalf of the owners of the variety. SRA, CSIRO and Wilmar have an agreement on 

naming and ownership of varieties they have jointly developed. 
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6. Industry Communication 
The main message from this project is that introgression breeding has the potential to unlock new 

sources of increased yield, resistance to stress and diseases and improved ratooning from wild 

relatives of sugarcane. Significant advances have been made in this project to achieve this potential 

and new projects and the core SRA breeding program are using the information to combine the good 

features of the wild relatives with good sugar yield. The research on introgression breeding 

conducted in this project has been featured at SRA research forums in all areas for the last three 

years. These forums were attended by growers, advisors and staff of milling companies. 

 

SRA PEC staff have attended annual meetings of the project and have produced articles for the SRA 

Cane Connection and SRA newsletters. 

 

While there has been no industry adoption of the project outputs, SRA and CSIRO plant breeders and 

pathologists are using the data and the techniques developed in the project to assist on-going 

introgression breeding. Nematode resistance ratings for commercial varieties using the techniques 

developed have been provided to growers and some growers are using this information. 

 

The PEC have produced articles for the SRA Cane Connection and SRA newsletters on this research 

and has also been featured in SRA research forums.  Introgression breeding is also a feature of 

current SRA forums being conducted in 2016. If a variety is developed from this or subsequent 

projects it will be promoted by SRA and Productivity Service companies at release. 
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7. Environmental Impact 
This project had no significant impact on the environment. Varieties that have improved resistance to 

stress and diseases and improved ratooning ability could lengthen crop cycles with a reduction in the 

need for cultivation and reduced risk of soil erosion. 
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8. Recommendations and Future Industry Needs 
Introgression breeding requires a long term commitment. It is recommended SRA continues to 
support introgression breeding with regular reviews of progress. SRA has funded a project which 
continues the research conducted in this project (2014053 Introgression phase 1) however this 
finishes in June 2017. Further funding is required to realise the benefits from the industries 
investment in this area.  
 
Some of the advanced backcross material has already been assessed for commercial potential and 
for use as parents and this material is being incorporated into the core breeding program. The early 
backcross material and innovative multi-species crosses produced by this project require a dedicated 
introgression program to carry them forward to a stage where they can be assessed for commercial 
production and incorporation into the core breeding program. Without a dedicated program the 
value of this material is unlikely to be realised. 
 
The clone KQ08-1040 showed potential as a possible new commercial variety. The clone has already 
been planted in more FAT trials in other regions to assess its potential. It has also performed well as a 
parent and progeny from this clone should be assessed in all regions. Other clones with potential as 
parents have been identified and these clones should be used for crossing and their progeny 
assessed. 
 
The project showed that an index combining family yield performance and individual visual rating 
should be used for selecting clones from introgression families. 
 
New methods for screening clones for root lesion and root-knot nematodes have been developed. 
Some commercial varieties appear to have moderate resistance to one or both of these nematodes. 
All new commercial varieties should be screened for resistance to root lesion and root-knot 
nematodes and the ratings made available to growers to assist them to manage these pests. 
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This project has worked closely with other projects developing molecular markers for resistance to 
pachymetra root rot, smut and root lesion and root-knot nematodes. Molecular markers would 
greatly improve the efficiency of introgression breeding for disease resistance. Research should 
continue to develop and implement molecular markers. 
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