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Cotton Research & Development Corporation 
FINAL REPORT 

OVERSEAS TRAVEL 

NAME 
ORGANISATION 
POSITION 

TELEPHONE 

FACSIMILE 
TRAVEL DATES 

OBJECTIVES OF VISIT: 

Stephen J ALLEN 
NSW Agriculture 
Senior Research Scientist 
Australian Cotton Research Institute 
Narrabri, NSW, 2390 
official (02) 6799 1500 
private (02) 6792 2984 
official (02) 6793 1186 
4th - 14th September, 1998 

* To attend the Second World Cotton Research 
Conference at Athens in Greece and to deliver a paper entitled 
"The development of new strains of Verticillium dahliae in 
Australia" -

* To meet and interact with leading cotton pathologists from 
around the world. 

ITINERARY 

4 September - Narrabri - Sydney 

5-6 September • Sydney - Athens 

6-10 September - Conference 

12 September - Field trip to look at Cotton growing area 

13-14 September - Athens - Sydney - Narrabri 

HIGHLIGHTS 
* Participation in a conference with 632 delegates from 47 countries 

addressing all aspects of cotton production. 

* Presentation of a paper entitled .. The development of new strains of 
Verticillium dahliae in Australia" - see Appendix 

* Papers presented by, and opportunities for discussions with, Dr Al 
Bell and Prof. Kamal El-Zik from Texas, Dr Rory Hillocks from 
NRI in England and Dr Craig Rothrock from Arkansas. 

* Inspection of cotton growing areas and a processing facility in 
central Greece. 
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FINANCIAL SUMMARY 

All expenses were met from funds approved and allocated by the 
Cotton Research & Development Corporation. No other funds were 
available and Departmental approval for travel was given on the condition 
that there would be ''No cost to the state other than the Officer's salary". 

ITEM 

*Sydney Athens return air fares (economy class) 
Narrabri Sydney return airfares 
Sydney accommodation (one night only) 
Shuttle bus and Taxi (Sydney) 
*Conf. registration, Post-conf. trips 
*Accommodation 
Sustenance (7 days in Athens) 
Misc.(Money exchange, Insurance etc) 

TOTAL 
* Paid directly by CRDC. 

expenditure 

$1719.40 
$ 261.00 
$ 112.60 
$ 22.50 
$ 685.95 
$ 539.97 
$ 432.19 
$ 112.89 

$3 886.50 

Other costs met from a travel advance paid direct to officer by CRDC. 

SIGNIFICANT ITEMS 

1. 67% of the world's total cotton production is grown in small fields and is hand 
picked. Australia is recognised as a world leader in terms of both production and 
research. 67 of the 632 registrants were from Australia. Three of the 67 Australian 
registrants were representing NSW Agriculture. 

2. Dr Kamal El-Zik and Dr Peggy Thaxton from Texas A & M University reported 
continued progress in their Multi-Adversity Resistance (MAR) breeding program. They 
claim that current MAR-8 germplasm "combines higher levels of resistance to eight 
pathogens". Material from this breeding program is being evaluated in field experiments 
at N arrabri. 

These plant breeders from Texas lamented the unavailability of field based cotton 
pathologists in the USA. Those pathologists working in the USA are confined to specific 
research programmes and lack general cotton disease experience. 

3. Dr Al Bell (USDA ARS) from College Station, Texas continued to promote his still 
unproven theory that a strain of Agrobacterium biovar 1 is responsible for several disease 
syndromes and associated with symptom expression in many other diseases. It would 
appear that many of his colleagues are sceptical while only a few are convinced by his 
arguments. He is currently struggling to get research funding for his work. 

There have been major problems with a bronzing and sudden wilt evident in 
various areas of the USA during hot weather. Some breeding lines and their derivatives 
have been particularly affected. The condition is favoured by high soil temperatures, high 
clay content in soil, excess nitrogen or irrigation and deficiencies in P, S or K. Dr Bell is 
convinced that the problem is caused by Agrobacterium transmitted with the seed while 
others claim the problem to be physiological. 

4. Dr Craig Rothrock of the University of Arkansas described the increasing prevalence 
of the black root rot pathogen and its association with the root knot nematode. There has 
also been a significant increase in the prevalence of this disease in Australian cotton 
growing areas in recent years. 
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Dr Rothrock is also one of the Editors of the new edition of "The Cotton Disease 
Compendium" being published by the American Phytopathological Society. I have 
written one of the Chapters. Dr Rothrock reported that the last chapters are now in and 
review is proceeding quickly - proofs to be available soon. 

5. Increasing nematode problems were reported in a paper by McGawley, Overstreet and 
Bond entitled "Reniform nematode: Possibly the most serious threat to cotton production 
since the boll weevil" . These authors suggest that new biological races have developed 
and the nematode " is worldwide in distribution, possesses great fecundity, has life 
stages adapted to resist environmental stresses, parasitises over 50 agricultural plant 
species and is highly pathogenic to cotton." Disease surveys in NSW cotton production 
areas have shown that nematodes are not a problem on the irrigated, heavy clay soils used 
for growing cotton. 

6. An interesting paper was presented by some Greek workers looking at cotton 
rotations with sugar beet. They have observed slow early season growth of cotton 
seedlings when cotton is planted after sugar beet. Since sugar beet is non-mycorrhizal it 
was suggested that they consider poor establishment of arbuscular mycorrhiza as a 
possible cause of the condition. 

7. It was interesting to inspect a cotton processing facility in central Greece where 
ginning of the seed cotton is combined with production of cottonseed oil and meal for 
stockfeed - all at the one facility. Apparently 26 of the 84 'ginning factories' in Greece 
have this capacity to produce fibre, oil and meal. 

RECOMMEND A TIO NS 

1. Much of the work being done at Narrabri was not presented at the conference. 
Conference attendees got a very narrow view of what was being done by NSW 
Agriculture. While it is impractical for all researchers to attend such conferences it would 
perhaps be beneficial for some effort to be made to have their work represented. Perhaps 
a NSW Agriculture poster featuring the relevant departmental objectives and listing the 
relevant research projects with their objectives and principal investigators could be 
prepared for such conferences in the future. 

2. Pathologists need to be remain alert for the occurrence of the reniform nematode in 
Australian cotton growing areas. 

3. Pathologists need to continue testing the MAR cultivars for resistance to pathogens 
under Australian conditions 

4. The suggested role of Agrobacterium biovar I in Australian cotton pathology needs to 
be considered. 
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THE DEVELOPMENT OF NEW STRAINS OF VERTICILLIUM 
DAHLIAE IN AUSTRALIA 

S. J. ALLEN AND P. A. LONERGAN 
Australian Cotton Research Institute, Narrabri, NSW AUSTRALIA 2390 

E-mail: stephena@mv.pi.csiro.au 

Abstract 
Verticillium wilt was once the most widespread and significant disease of cotton 

in Australia. Several cultivars with some resistance to the disease have been released by 
CSIRO since 1989. These cultivars have been widely adopted and grown repeatedly. 
The results of annual disease surveys and field experiments have shown that repeated 
cultivation of a resistant cultivar leads to a declining incidence of verticillium wilt. 
However, the incidence and severity of verticillium wilt in a resistant cultivar has 
increased in several small patches at a site where the resistant cultivar has been grown 
each year for the last six years. Up to l 00 per cent of plants were infected within these 
small patches. 

Introduction 
Verticillium wilt of cotton is caused by Verticillium dahliae Kleb .. Work by 

Schnathorst and Evans ( 1971) and Bell (1994) showed that strains of the pathogen 
isolated from cotton in Australia cause mild symptoms (vegetative compatibility group 4) 
when compared to those strains that occur overseas (vegetative compatibility groups 1 
and 2). The severe defoliating strain of V. dahliae is not known to be present in 
Australia. 

The repeated use of susceptible cultivars and the widespread adoption of 
permanent bed or reduced tillage systems contributed to a significant increase in the 
incidence of verticillium wilt of cotton in NSW production areas (Allen and Lonergan, 
1998). The results of disease surveys in commercial crops throughout NSW during the 
1989/90 season showed that the mean incidence of the disease had reached 16.6%. In the 
same season the mean incidence of verticillium wilt of cotton in the Namoi Valley of 
NSW reached 31.2%. 

When cultivars with some resistance to V. dahliae were released by CSIRO in 
1990 they were widely adopted. By 1996/97 the area sown to resistant cultivars had 
increased to 85 per cent of the area sown to cotton in NSW. The new cultivars are not 
immune to the verticillium wilt pathogen and their resistance is indicated by reduced 
disease incidence and reduced disease severity. The introduction and quick adoption of 
these new cotton cultivars has resulted in a steady reduction in disease incidence (Allen 
and Lonergan, 1998). 

The adoption and repeated use of cotton cultivars with resistance to V. dahliae 
in California resulted in the selection and increased prevalence of more virulent strains of 
the pathogen and consequently an increased incidence of disease in successive years 
(Ashworth et al., 1983). Their observations had confirmed the earlier work of 
Schnathorst and Mathre ( 1966) who had suggested that the 'demise' of verticillium wilt 
tolerant cotton cultivars in California was caused by a build-up of more virulent strains of 
the pathogen in the soil as a result of host selection pressure. 

The objective of the study reported here was to evaluate the durability of the 
resistance to Verticillium wilt in commercial Australian cotton cultivars. Commercial 
cotton fields where resistant cultivars of cotton have been grown for several consecutive 
seasons were inspected as part of annual disease surveys. A field experiment was 
established to investigate the effect of six consecutive cotton crops on the incidence of 
verticillium wilt. 

Materials and methods 
Between 60 and 100 commercial cotton crops were inspected in March of each 

year since 1985. The incidence of Vertkillium wilt in each field was estimated in at least 
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20 samples of 10 plants selected with a step-point method and the results have been 
maintained in a database. The database was used to identify fields on the Auscott 
property at Narrabri where the incidence of verticillium wilt exceeded 60 per cent prior to 
the introduction of resistant cultivars. The incidence of verticillium wilt was again 
assessed in these fields in March, 1998. 

A Verticillium wilt 'nursery' was established in a field at the Australian Cotton 
Research Institute by incorporating gin trash collected during the processing of cotton 
harvested from fields where the incidence of the disease was known to be high. The 
development of disease symptoms in the 'nursery' was further encouraged by delaying 
the sowing date, increasing the irrigation frequency and using higher nitrogen fertiliser 
rates (El-Zik, 1985). These practices effectively delayed crop maturity and favoured the 
pathogen. 

A susceptible cultivar, Siokra 1-4 was grown over the entire area prior to 
starting the long term experiment. The trial area was subsequently divided into six plots 
with each plot being eight rows wide and 45m long. Three plots were planted to the 
cultivar Siokra 1-4 for the next six seasons and the remaining three plots were sown with 
the partially resistant cultivars Sicala VI or Sicala V2. The cultivar Sicala V2 was a 
selection from the original Sicala VI and was released commercially in 1994. 

The incidence of verticillium wilt was assessed on the basis of vascular 
discoloration at the end of each season after cutting the stem with secateurs at ground 
level. Prior to 1997 assessments were based on ten groups of of ten plants selected along 
a zig-zag path from one end of the plot to the other using only the four centre rows (100 
plants/plot). In March of 1997 and 1998 four groups of ten plants were assessed in each 
of the eight rows of each plot (320 plants/plot). 

Results and discussion 
The repeated use of resistant cultivars along with limited crop rotation has 

resulted in dramatic reductions in the incidence of verticillium wilt in commercial cotton 
crops (Table 1). This is consistent with the declining incidence of verticilliurn wilt that 
has been observed across all cotton growing areas of NSW (Allen and Lonergan, 1998). 
As a result of the combination of good disease resistance and excellent agronomic 
qualities the resistant cultivars have been widely adopted and grown repeatedly. 

Table 1. The effect of the repeated use of resistant cotton cultivas on the incidence of 
verticillium wilt in commercial crops on the Auscott property near Narrabri. 
Field Incidence * Number of Incidence 

(season) cotton crops in 1997/98 season 

12 70% (1988/89) 6 cotton crops in 9 seasons 4.5% 

31 67% ( 1988/89) 5 cotton crops in 9 seasons 6.5% 

33 74% (1990/91) 5 cotton crops in 7 seasons 7.0% 

21 72% (1993/94) 3 cotton crops in 4 seasons 22.5% 
* - Incidence= percentage of plants with vascular symptoms of verticillium wilt. 

The replicated field experiment in the verticillium nursery at the Australian 
Cotton Research Institute was established to confirm the observations made in 
commercial cotton crops. The incidence of verticillium wilt in the susceptible cultivar, 
Siokra 1-4, was 95 per cent in the first year and increased to over 99 per cent in each of 
the last three seasons (Figure 1 ). The incidence of the disease in the resistant cultivar, 
Sicala V2, declined significantly during the first three seasons. However, the decline 
ceased during the last three seasons (Figure 1 ). Closer examination of the plots revealed 
that there were areas within the plots where the incidence of verticillium wilt had 
increased (Figure 2). Consequently the assessments of disease incidence in the Sicala V2 
plots were more detailed in the 1996/97 and 1997 /98 seasons. 
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In the 1996/97 season, when the mean incidence of verticillium wilt across the 
three replicates of the resistant cultivar was 35 per cent, there were seven areas where the 
incidence was greater than, or equal to, 70 per cent. In the 1997/98 season, when the 
mean incidence of verticillium wilt across the three replicates of the resistant cultivar was 
37.5 per cent, there were thirteen areas where the incidence was greater than, or equal to, 
70 per cent (Figure 2). There appeared to be no increase in the severity of the disease 
symptoms in plants where the incidence of verticillium wilt was high. 

The pathogen has been isolated from plants growing within these areas of higher 
incidence and these isolates are being compared to isolates from elsewhere in the field. 

Conclusion 
Schnathorst and Mathre (1966) and Ashworth et al. (1983) in California found 

that the repeated use of cotton cultivars with resistance to V. dahliae resulted in the 
selection of more virulent strains of the pathogen and a consequent breakdown in the 
level of cultivar resistance. Despite the widespread and repeated use of resistant cultivars 
in Australia there has been no evidence of the development of more virulent strains of the 
pathogen in commercial cotton fields to date. 

However, the occurrence of small areas in the verticillium wilt nursery 
experiment, where the incidence of disease is increasing, has indicated that the selection 
of more virulent strains of the pathogen may be possible under Australian conditions. It 
should be remembered that the environmental conditions provided in this experiment 
favoured the pathogen and there were no crop rotations included with either treatment. 

Isolates of the pathogen collected from within these areas of higher incidence 
need to be characterised. It is essential that the incidence of verticillium wilt in commercial 
cotton crops should continue to be monitored. 
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Figure 1. The incidence of verticillium wilt of cotton in a resistant (.A.) 
and a susceptible C•) cultivar when grown repeatedly in the same plots 
for six consecutive seasons. 

Figure 2. Trial plan showing areas within the trial plots where the 
incidence of verticillium wilt has increased in the last two growing 
seasons. Plots were eight rows wide by 45 metres long and four groups of 
ten plants were assessed in each row at the end of each season. 
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