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4.2. I Seedling dise@se 1331rseries

Late incorporation of woolly pod-vetch has been used successfully to increase the
severity of seedling disease in cotton for experimental purposes
The technique's effectiveness may depend on having adequate soil moisture to enable
colonisation of the vetchresiduesb seedlin atho ens nortosowin cotton

Seedling pathogens, including Rhtzoctonia and Pythi!, in, are able to grow on organic matter
on the soil, particularly fresh crop residues. The legume woolly pod vetch (Vici@ villosa) has
potential to increase the inoculum of these pathogens butts reported to have little impact on
cotton seedling mortality if it is incorporated at least four weeks before sowing cotton
(RotlXEock at a1. 1995). Since the 1995-96 season, woolly pod vetch has been grown as a green
manure crop, in the plant pathology field at the Australian Cotton Research institute (ACRl),
with the specific aim of enhancing the activity of seedling pathogens in field experiments (i. e.
creating seedling disease nurseries).

To test the extent-the effectiveness of this practice in creating a seedling disease 'nursery',
replicated four-row plots of vetch, sown along the top of the beds, were incorporated on either
21 August or 23 September 2002. The field was irrigated on 25 September. Cotton seed with
the standard fungicides (Apron' + PCNB) wassown on 3 October and the field wasirrigated
again on 4 October. These treatments were repeated in anothersection of the same field in the
following year, except that the field was not irrigated after in corporation of the vetch in
September.

in the 2002 season, cotton seedling mortality was increased substantially by late incorporation
of the vetch (Table 6). At the time cotton was sown, there was little visible residue of the
early-incorporated vetch, even though its dry mass was substantial, whereas the residue of the
late-incorporated vetch was plentiful in the beds. nithe second year, the late incorporation of
vetch did not have a significantimpact on cotton seedling mortality (Table 6). Since the field
was not irrigated after the incorporation of vetch in September and the soil was very dry,
conditions in the soil were probably not favourable for colonisation of the vetch residues by
Rhizoctonia and Pythi"in. This observation may explain the lack of effect by vetch on
mortality of cotton (Table 6). However, cotton seedling mortality at six weeks after sowing in
that field (32 to 34%) was substantially higher than the average forthe Namoi Valley (25%)
in that season (Table I), indicating that the site was suitable of for evaluation of seedling
disease in other experiments. Furthennore, in a seed treatment experiment that was
superimposed over these vetch plots, the mortality of cotton seed that lacked fungicide was
increased significantly by the late incorporation of vetch (see Table 7.3.4seedtreatment).

Table 6. Effect of early and late incorporation of vetch on seedling mortality of cotton (cv. SiCot 289RRi)
sown at the Australian Cotton Research Institute on 3 October 2002 and 29 September 2003 OAS = days

32

after sowin )

Vetch incor orated

2002

Early (21 Aug 2002)
Late (23 Sep 2002)

Probability (n = 6)
2003

Early (20 Aug 2003)
Late (22 Sep 2003)

Probabili (n=6)

Vetch d matter (t/ha)

5.0
5.9

P=0016

1.7
5.7

P< 0001

Cotton seedling mortality (% death)
210AS 420AS

20

34
P= 0001

26
25

Notsi rimcant

28

41

P = 0,002

34

32

Not si rimcant



4.2.2 Timing of sowing

. Delaying the date of sowing as late as possible within the planting window can avoid
conditions that favour seedling disease
Sowing should be timed to coincide with the onset of periods of weather that will
result in a mean soiltemperature of 16'C during the first week from sowing
Sowing should be delayed after pre-irrigation until soil water content is at the lower
end of the ran e that is ade uate for seedlin establishment in an adjcular soil

Cool conditions early in the season favour seedling disease, black root rot and Fusarium wilt.
Furthermore, cotton seedlings are most susceptible to seedling disease in their first two to
three weeks of life and become resistant thereafter. If sowing is delayed then the length of
time seedlings are exposed to conditions that favour soilbome pathogens may be sufficiently
reduced to impact upon the severity and/orincidence of disease.

Experiments on the effects offungicide seed treatment and delayed sowing were conducted in
2002-03 and 2003-04 in the seedling disease nursery (late incorporation of vetch) at the
Australian Cotton Research institute. in both seasons, seed the standard fungicide seed
treattnent (PCNB and metalaryl-M) decreased seedling mortality substantially (Table 7).
Delayed sowing did not affect seedling mortality in 2002-03 in either treatment. in 2003-04,
disease pressure was greater, with 84 % death of plants in the untreated seed sown early. in
that year, delaying sowing until the end of October decreased seedling mortality substantially
in the untreated seed and resulted in a 33% increase in yield over the untreated seed that was
sown early (Table 7). Yield in the early-sown plots was increased by 42% by treatment of
seed with fungicides. While delaying sowing, by itself, did not provide greater protection than
the fungicides, the principle demonstrated here should be applicable to cooler cotton-growing
regions, such as the Lachlan and Murrumbidgee Valleys, where seed iteattnent fungicides
alone are not providing adequate control of seedling disease in some years (Table I, Figure 2).

Table 7. Decreased seedling mortality and increased yield of cotton with seed treatment and delayed
sowin arthe Australian Cotton Research hatit"te

Seedling mortality(% death)

33

Season
2002-03

Sowin date

Early (3 Oct)

2003-04

Late (31 Oct)

Seed treatment*

Untreated

PCNB + metalaxyl-M
Untreated

PCNB + metalaxyl-M

Early (29 Sep)

Values in columns with the same letter are not significantly different by pairwise comparison of means using
Fisher' LSD at the stated probability level.

Delaying the sowing date will increase the probability that the period when cotton plants are
most susceptible to seedling pathogens will coincide with climatic conditions that do not
favour seedling disease. A further option available to growers is to time the date of sowing
following pre~irrigation to avoid cool wet conditions in the soil. in a field experiment at the
Australian Cotton Research institute in 2003-04, cotton was sown at successive dates
following pre-irrigation. Seedling mortality declined as sowing was successively delayed after
the pre-irrigation (Figure 17a). This decline coincided with decreasing soil water content on
the day of sowing (Figure 17b). In that soil, sowing was able to be delayed until soil water

Late (27 Oct)

Untreated

PCNB + metalaxyl-M
Untreated

PCNB + metalaxyl-M

210AS

58a
36b
50a
36b

P< 0,001

420AS

60a
40b
52a
38b

P < 0,001

84a
44c

59b
48c

P<0,032

Yield

(hana)

85a
49c
61b
47c

P <0,032

6.0c
8.5a
8.0b
8.9a

P :S 0031



34

content fell below 24% with no loss in stand establishment. Linxits for adequate soil water
content at other sites would have to be deterTinned on a soilby soil basis.
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Figure 17. Seedling mortality of cotton (var. 289RRi), sown at various dates after irrigation in a field at
the Australian Cotton Research Institi, te in 2003, decreased as sowing was delayed after irrigation (A)
and increased with increasing soilmoisture content(B)
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Soil water content and soiltemperature are not independent paranieters. However, seedling
mortality was not correlated with soiltemperature on the day of sowing (Figure 18a). Soil
temperature during the days following sowing was related to subsequenttemperatures, with
55% of the variation in seedling mortality being explained by the mean soiltemperature over
the first week from sowing (Figure 18b). Seedling mortality increased exponentialIy as the
mean soiltemperature in the week from sowing fell below 16'C. This experiment illustrates
the need to time sowing to coincide with the onset of periods of warm weather.
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Figure 18. Seedling mortality of cotton (var. 289RRi), sown at various dates after irrigation in a field at
the Australian Cotton Research Institute in 2003, was not related to soiltemperature at 9300 am on the
day of sowing (A) but decreased as the mean of soiltemperatures at 9300 am on the day of sowing and the
following six days increased (B)
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4.2.3 Fz, ,agictd'es cmd other prodz, ctsfor control of seedling disease

Seed treatment experiments showed that seedling pathogens, such as Rhizoctoni@ and
Pythi"in, vary in dormnance from field to field and year to year.
A few fungicide combinations gave slightly greater protection than the standard
fungicides in some years but not others.

. TheftingicideDynasty consistently perfonned as wellasthe standard fungicides

. Thenon-fun icidal roducts, includin acibenzolar-S-meth I, werenoteffective

Seed treatment experiments were conducted in cotton fields in the 2001-02, 2002-03 and
2003-04 seasons. These experiments were made possible by the collaboration of Cotton Seed
Distributors, who provided, treated and packaged the seed, Deltapine Australia who planted
trials at Dalby, Goondiwindi and the CSm!^. O Cotton Production Unit who planted trials at
Hillston and Wanen, and cooperating growers. in each year, fungicides and other treatments
(Table 8) were applied to cotton seed in twenty different combinations, with the carrier
Perldiam". The untreated controlreceived Perldiam" only. Seeds were counted into lots of
100 or 150 seeds and respectively sown into single-row plots 10 or 15 in long using a cone
seeder. There were 10 replicate plots for each seed treatment, in a completely randonitsed
block design. Seedling establishment was assessed at approximately three and six weeks after
sowing, and the means for each treattnent were compared by analysis of variance with spatial
correction (statistical program ASREML).

nithe 2001-02 season, seedlingssown at ACRlwith the standard fungicide treatment(Apron'
+ PCNB) had a much higher seedling mortality (48%, Table 9) than the average for the
Namoi valley (27%, Table I). 111 contrast, in the field at Hillston, seedling mortality with

Table 9. Seedling mortality (% death) of cotton (var. SiCot 53) sown on 25 Sep 2001 at the Australian
Cotton Research Institute with various fungicides applied as seed treatments OAS = days after sowing;
standard seed treatment in bold)

35

Treatment(ranked)
58 aUntreatedUntreated 54
54 bApron + ProchlorazApron + Azoxystrobin + Maxim 49
53 bcApron + Vitavax-PCNB + ThiramApron + Prochloraz 49
51 bcdApron + AzoxystrobinApron + Vitavax 47
51 bcdApron + PCNB + Rizolex Apron + Maxim47

51 bcdeAzoxystrobin Apron+PCNB +Baytan47

50 bcdeApron + PCNB (USArate)Apron + Vitavax-PCNB 46
50 bcdeApron+ Vitavax-PCNBApron + Vitavax-PCNB + Thiram 46
50 bcdeApron + Rizolex46Apron + PCNB (USA rate)
50 bcdeApron + Azoxystrobin + Maxim46Apron + Jockey
50 bcde46Apron + PCNB + Baytan Apron
49 bcdeApron +PCNB +RizolexApron + Azoxystrobin 45
49 bcde45 Apron + JockeyApron
49 bcdeApron + Maxim Azoxystrobin45

48 bcdeApron + Vitavax45Apron+PCNB
47 cdeApron + PCNB + SpinfloApron + Rizolex 44

47 cdeApron + Spinflo43Apron + PCNB + Ascend
47 deApron + PCNB + AscendApron + Spinflo 43
46 deApron+PCNB42Apron + PCNB + Spinflo
44 eApron + Ascend 41 Apron + Ascend
P= 0,041NS*probability (in = 20)

* Means followed by the same letter are not significantly different using Fisher's LSD at the stated probability
level and were adjusted with spatial analysis (NS = not significant).

210AS Treatment(ranked) SODAS



Table 8. Seed treatments evaluated for their effects on cotton seedling mortality during the course of this research project

Source Producta liedActive in redientProduct Tar et or anismrs

Metalaryl-MApron XL350ESSyngenta Pythi"in0.43 InUkg seed
0214 rill/kg seed (^ rate)

0.25 inUkg seed

1.5 inUkg seed

24 11L kg seed (12 ing a. i. )
12 ILL kg seed (6 ing a. i. )
6 ILLAcg seed (3 ing a. i. )
2 ILLA:g seed (I ing a. i. )

2.0 mm:g seed

Syngenta

Syngenta

Syngenta

Maxim' 100 FS

Azoxystrobin 100 FS

Boost

Syngenta

Bayer

*DynastyTM

Bayer

Bayer

Bayer

Bayer

Fludioxonil

Azoxystrobin

ACibenzolar-S-methyl

Quintozene'

SpiritloTM
Exp. formulation

Jockey

Baytan' C 154 FS

Bayer

Hannafords

Hannafords

350g/L

Metalaryl-M
+ Fludioxonil

+ Azoxystrobin

100 glL

100 g/L

500 glL

Hannafords

BAYOOl

Thiram' 42S

Vitavax' 200 FF

PCNB

Carbendazim

Prochloraz

Fluquinconazole

Triadimenol

+ Cypermethrin

a. i. not advised

420g/LThiram

Carboxin 200 g/L
200 glLIhiram

200glLCarboxin

+PCNB 200 glL

4.0 glkg seed Rhizocto"inToCIOfos-methyl 500glkg

Rhizocto"to, F"sort"in spp. , Pythi"in2.9 niUkg seed300 81LTCMTB

Non-fungicidal9 inUkg seedI Ul,Brotomax

gave rates for its individual components that were equal to those for Apron , Maxim and azoxystrobin applied separately.

Rizolex' 50 WPSurnttomo

Ascend' 30Uniroyal

Agrometados BTOtomax

* The application rate for Dynasty

Vitavax'-PCNB FF

37.5g/L
12.5 glL
75 g/L

500 g/L

500 glL

199 g/L

167 g/L

150 g/L
4 g/L

2.15 mmkg seed (Australia)
3.74 mmkg seed (USA)

1.5 inUkg seed

1.0 mm:g seed

4.5 inUkg seed

1.5 I^kg seed

Rhizoctoni@, F"sari"in spp.

Rhizoctoni@

Non-fungicidal

Rhizoctoni@, F"sari"in spp. , Py!hmm

1.0 InUkg seed

2.0 rill/kg seed

5.0 inUkg seed

Rhizoctoni@

Rhizoctoni@

F"s@, twin spp.

Various cereal pathogens, not Rhizocioni@ or F"sort"in spp.

Rhizoctoni@, Th, d@viopsis

5.0 inVkg seed

Rhizoctoni@, FMSori"in spp. , Pyihi"in

Rhizoctonia, FMS@ri"in spp. , Pythi"in

Rhizoctoni@

W
C\



the standard fungicide treatment (33 to 38%, Table 10) was sinxilar to the mean for the
Lachlan Valley in that season (34%, Table I). This enhanced seedling mortality at ACRl
indicated that the incorporation of woolly pod vetch as a green manure crop shortly before
sowing cotton, was successful in creating a seedling disease 'nursery' at that site. At both
Hillston and ACRl, all fungicide treatments reduced seedling mortality significantly and most
combinations gave a level of control equal to that of the standard treatment (Table 9, Table
10). Treatment with Apron' by itself controlled disease as well as the standard treatinent,
suggesting thatPythi"in may have been the donitnantpathogen in both experiments.

Table 10. Seedling mortality (% death) of cotton (var. SiCot 53) sown on 2 Oct 2001 at Hillston with
various fungicides applied asseed treatments(DAS = days aftersowing; standard seed treatment in bold)

SODASTreatment(ranked) Treatment(ranked)300AS
Untreated

Azoxystrobin
Apron + Maxim
Apron + Azoxystrobin + Maxim
Apron
Apron +Vitavax 200FF
Apron+PCNB
Apron + Prochloraz
Apron + PCNB (USArate)
Apron +Jockey
Apron + Vitavax-PCNB
Apron + Ascend
Apron + PCNB + Spiritlo
Apron + Rizolex
Apron + PCNB + Baytan
Apron +PCNB + Rizolex
Apron + Spiritlo
Apron +Vitavax-PCNB + Thiram
Apron+'PCNB + Ascend
Apron + Azoxystrobin
*probability (in = 20)

.

41 a

35 ab
34 b
34 bc
34 bc
34 bc

33 bed
33 bcd
33 bcd
32 bcd
32 bcd
31 bcd
31 bcd
30 bcd
30 bcd
30 bcd
29 bcd
28 cd

28 cd
27 d
P= 0,014

Untreated

Azoxystrobin
Apron+PCNB
Apron + Maxim
Apron
Apron +Vitavax
Apron + Prochloraz
Apron +Jockey
Apron +Ascend
Apron + Vitavax-PCNB
Apron + Rizolex
Apron + PCNB + Rizolex
Apron + Azoxystrobin + Maxim
Apron +PCNB (USArate)
Apron + Spinflo
Apron + PCNB + Spiritlo
Apron+PCNB +Baytan
Apron + PCNB + Ascend
Apron +Vitavax-PCNB +Thiram
Apron + Azoxystrobin

* Means followed by the same letter are not significantly different using Fisher's LSD with spatial analysis at the
stated probability leveland were adjusted with spatial analysis.

In the experiment at Dalby in the 2001-02 season, the mean seedling mortality assessed on 27
Dec 2001 was 48% but there were no significant differences among the treattnents (data not
presented), suggesting that factors other than seedling disease affected mortality.

Lithe 2002-03 season, even though the average seedling mortality for the Nanoi valley
(35%) was higher than usual (Table I), seedling mortality at ACRl with the standard
fungicide treatment was substantially higher (49% for Apron' + PCNB, Table 11)indicating
again that woolly pod vetch was able to successfully create a seedling disease nursery.
Apron' and Quintozene' did not control seedling disease when used individually (Table 11),
suggesting that Pythi"in and Rhizocto"to were both responsible for seedling death. Many of
the other combinations of fungicides reduced seedling mortality but none were significantly
better than the standard treatment.

45 a

38 b

38 bc
38 bc
38 bc
36 bcd
36 bcd
36 bcd
35 bcd
35 bcd
35 had
34 bcd
34 bcd
33 bcd
33 bcd
33 bcd
32 cd
31 d
31 d
31 d
P = 0,001

Lithe same experiment, sown at Hillston on 26 Sep 2002, mean seedling mortality assessed
on 14 Nov 2002 was 16% which was much lower than the average forthe Lachlan Valley in
that season (52%, Table I) and there were no significant differences among the treatments
(data not presented). The very low seedling mortality at this site may have been due to the
relatively short history of cotton cropping in that field. filthe experiment at Dalby, sown with
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Table 11. Seedling mortality (% death) orcotton (var. SiCot 289RRi)sown on 3 Oct 2002 at the Australian
Cotton Research Institute season with various fungicides applied as seed treatments (DAS = days after
sowin ; standard seed treato, entin bold

Treatment(ranked)
Untreated

Apron
Apron + Prochloraz
PCNB

Apron + Ascend
Apron+BAYOOl
Apron +Jockey
Apron + Vitavax
Apron+PCNB +BAYool
Apron (;,^rate) + Azoxystrobin + Maxim
Apron + PCNB + Ascend
Apron+PCNB
Apron + Maxim
Apron + Azoxystrobin
Apron +Vitavax-PCNB
Apron +Vitavax-PCNB +Thiram
Azoxystrobin
Apron+PCNB +Rizolex
Apron + Rizolex
Apron + PCNB (USA rate)

(%death)
210AS

57 a
57 ab

55 abc
55 abc
53 abcd
52 abcd

49 abcd
49 abcde

47 abcdef
48 bcdef
46 cdef

45 der
44 def
44 def

ef41
ef41

41 ef
40 ef
38 f
38 f
P< 0.01

Treatment(ranked)

*probabilit (" = 20)

59 aUntreated
PCNB 59 a

58 aApron
58 abApron + Prochloraz

Apron + Vitavax 53 abc

53 abcApron+BAYool
Apron+Jockey 53 abcd

Apron + Ascend 53 abcd

49 bedeApron+PCNB
49 cdeApron + Maxim

Apron (;.^rate) +Azoxystrobin +Maxim 48 cde
Apron + Azoxystrobin 48 cde

Apron+Per^ +Ascend 47 cde

Apron +. ForB +BAYool 46 cde

Apron + PCNB + Rizolex 46 cde

Apron +Vitavax-PCNB + Thiram 45 cde

Apron +Vitavax-PCNB 44 de

Apron + PCI^ (USA rate) 44 de

Azoxystrobin 44 de

Apron + Rizolex 43 e

P<0.01

* Means followed by the same letter are not significantly different using Fisher's LSD with spatial analysis at the
stated probability leveland weretidjusted with spatial analysis.

the same treatments on 10 Oct, mean seedling mortality assessed on 26 Nov 2002 was 27 %
and there were no significant differences between treatments. The lack of differences may
have reflected the relatively late planting date, thus avoiding cool conditions, and the potential
for treattnent differences may have been confounded further by the presence of self-sown
seedlings from the previous year's crop.

Lithe 2003-04 season, the seedling disease trial at ACRlseedling mortality ranged from 39 to
48% in the standard treatment (Table 12), which was again well above the Valley average
(25%, Table I) due to late incorporation of woolly pod vetch. Mortality of the untreated seeds
was exceptionally high (Table 12), reflecting the cool wet conditions that occurred during
October 2003.

(%death)
420AS

The only treattnents that controlled seedling disease effectiveIy in that experiment were those
that. contained Apron'. PCNB did notreduce mortality by itself, nor did it increase the levelof
control achieved by Apron'. These results clearly indicate that Pythiwm, was the donxinarit
fungal pathogen of cotton in that field, in that season. While seed treatment with acibenzolar-
S-methyl(Boost') can induce a degree of resistance in cotton against black root rot and
Fusarium wilt (refer to section on systenxic acquired resistance below), it did not reduce
seedling mortality (Table 12). This suggests that the resistance mechanisms activated by
acibenzolar-S-methyl were either (i) of insufficient quality to be effective against Pythi, ,in or
(ii) activated too late to affect pre- and post-emergent damping off. Sinxilarly, Brotomax, a
putative agent for activation ofsystenxic acquired resistance, did not reduce seedling mortality
(Table 12). in contrastto the experiment at ACRl, Apron' had no effect on seedling mortality
at the Wanen site, whereas PCM3 gave a level of control equal to that of the industry
standard (Table 13). Hence, Rhizoctoni@ was the dormnant pathogen causing damping off in
the experiment at Wanen. Seedling mortality with the standard treatment at the Wanen site
(40 to 49 %, Table 13) was sintilar to that of the Lachlan Valley in that season (48%, Table
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Table 12. Seedling mortality (% death) of cotton (var. SiCot 289RRi) sown on 29 Sep 2003 at the
Australian Cotton Research Institute with various fungicides applied asseed treatments (DAS =days after
sowin ;'standard seed treatinent in bold)

(%death)
Treatment(ranked) 210AS
Brotomax 92 a

Boost(6 ing) 88 ab

Boost (12 ing) 86 ab
Untreated 83 b

Azoxystrobin 82 b

Boost(I ing) 81 b

Boost(3 ing) 81 b
PCNB 81 b

Apron 46 c

Apron + PCNB + Boost(I ing) 43 cd

Apron+ PCNB +Boost(12 ing) 40 cde

Apron+PCNB 39 cde

Apron+PCNB +Brotomax 38 de

Apron (;^^ rate) + Maxim 37 de

Apron + Ascend 37 de

Apron +ForB + Boost(6mg) 36 de

Apron +PCNB +Boost(3ing) 34 e

Apron + PCNB cosA rate) 33 e

33 e

33 e

P< 0.01

(%death)
Treatment(ranked) 420AS
BTOtomax 93 a

Boost(6 ing) 90 ab

Boost(12 ing) 89 ab
Untreated 88 an
PCNB 84 b

Azoxystrobin 84 b

Boost(I ing) 84 b

Boost(3 ing) 83 b

Apron 54 C

Apron+ PCNB +Boost(12 ing) 51 cd

Apron + PCNB + Boost(I ing) 50 cd

Apron + PCNB + Boost(3 ing) 48 cde

Apron+PCNB 48 cde

Apron (;'^rate) + Maxim 47 cde

Apron+PCNB+Boost(6mg) 45 do
Dynasty" 45de
Apron + PERB + Brotomax (100%) 45 de

Apron+Ascend 44 de

Apron (;^ rate) + Azoxystrobin Apron+PCNB (USArate) 44 de
D TMDynasty Apron (;,^ Rate) + inoxystrobin 40 e

*probabili ("=20) P< 0.01

* Means followed by the same letter are riotsignificantly different using Fisher's LSD with spatial analysis at the
stated probability leveland were adjusted with spatial analysis.

Table 13. Seedling mortality (% death) orcotton (var. SiCot 289RRi)sown o, 130 Sep 2003 at Warren with
various fun icides a lied anserd treatments(DAS = da softer sowin . standardseed treatment in bold

(%death) (%death)
Treatment(ranked 280AS 580AS
Brotomax 67 a 74 a
Boost(12 ing) 66a 74 ab
Boost(I ing) 65 a 73 an
Apron + Ascend 63 ab 71 ab
Boost(3 ing) 62ab 71ab
Apron 61 abc 70 abc
Untreated 61 abc 69 abc
Boost(6 ing) 60abc 68 abcd
Apron(;,^rate) + Maxim 51 bcd 61 bcde

Apron + PCNB + Boost(12mg) 48 cde 61 bcde
Apron + PCNB + Brotoniax 47 de 58 cdef

Apron + PCNB +Boost(3 ing) 47 de 58 cdef
Apron +PCNB +Boost(6 ing) 45 de 56 def
Apron + PCNB +Boost(I ing) 44 de 56 of
Azoxystrobin 41 de 53 ef
Apron+PCNB 40 de 51 ef
D t'Dynasty 38 49 efe

Apron(!,^rate) + Azoxystrobin 37 48 fe

PCNB 37 f47e

Apron + PCNB (USA rate) 37 45 fe

*probabilit (" = 20) P < 0.01 P<0.01

* Means followed by the same letter are not significantly different using Fisher's LSD with spatial analysis at the
stated probability level and were adjusted with spatial analysis.

The same seed treatments were used in experiments sown at Goondiwindi and Dalby in late
October 2003. kithese experiments there were no significant differences among any of the
treatments, again suggesting that late sowing avoids seedling disease pressure.

Treatment(ranked)
Brotomax

Boost(12 ing)
Boost(I ing)
Boost(3 ing)
Apron +Ascend
Apron
Boost(6 ing)
Untreated

Apron(;,^rate) + Maxim
Apron + PCNB + Boost(12 ing)
Apron + PCNB + Brotomax
Apron + PCNB + Boost(I ing)
Apron + PCNB + Boost(3 ing)
Apron + PCNB + Boost(6 ing)
Azoxystrobin
D t'Dynasty
Apron+PCNB
Apron + PCNB (USA rate)
Apron (;,^rate) + Azoxystt'objn
PCNB
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in a field near Wanen, a grower sowed replicated plots, eight rows wide, in 2003 with either
the standard fungicide treatment (Apron' + PCNB) or Dynasty' (Table 14). There were no
significant differences between these two treatments. However, in an adjacent experiment
using Rizolex' as an in-furrow spray there were not significant differences either (Table 28).
This suggests that there was little disease pressure from Rhizoctoni" in that field and does not
necessarily indicate the effectiveness of the fungicides against Rhizocto"to. Since Dynasty"
contains metalaryl-M the two fungicide treatments were probably equally effective against
Pythi"in and there may have been other factors affecting stand establishment in that field.

Table 14. Seedling mortality of cotton (cv. SiCot 71) at 20 days after sowing at Warren with either the
standard fun icide treatment orD mast TM

Seed treatment fun icide Seedlin mortali (%death)

PCNB + metalaxyl-M 31

D TMDynasty 28

Not si rimcant, P = 0,178

111 the 2003-04 season, a seed treatment experiment was superimposed over the vetch plots
described above (Table 6). This experiment was located at the tail drain end of the plots. The
mortality of cotton seed that lacked fungicide was increased substantially by the late
incorporation of vetch (Table 15) confimiing the use of late incorporation of vetch to create a
disease nursery. Disease severity in untreated seed close to the tail drain (Table 15) was
substantially greater than that himer from the tail drain (2003, Table 6) Addition of
acibenzolar-S-methylto the standard seed treatment fungicides (PCNB + metalaryl~M) did
not affect seedling mortality in comparison to the standard treatment. Seed treattnent with
Dynasty was equal to that of the standard fungicides.

Table 15. Effect of early and late incorporation of vetch and seed treatment fungicides on seedling
mortality orcotton (cv. SiCot 289RRi) at 21 days after sowing at the Australian Cotton Research Institute
in 2003

Vetchinco oreted Seedtreatment

Early(20Aug2003) Untreated
PCNB + metalaxyl-M
PCNB + metalaryl-M + acibenzolar-S-methyl
D TMDynasty

Late (22 Sep 2003) Untreated

PCNB + metalaryl-M
PCNB + metalaxyl-M + acibenzolar-S-methyl
D TMDynasty

Aprobabilit (" = 6)
Values followed by the same letter are not significantly different by pairwise comparison of means using

Pishers LSD at the stated probability level

.

Cottonseedling mortality (% death
68b
30c
28c
26c
85a
32c
30c
36c

P< 0,004



4.2.4 Cereal cover crops

Experiments with cereal cover crops in this project confinned previous observations
of their potential to increase early-season growth of cotton
Cotton growth was correlated positively with dry matter production in the cereal cover
crop

To avoid problems with establishment of cotton, cover crops need careful placement
on the shoulders of the bed, in well prepared beds, with the cotton planting line
remaining clear
The potential for cover crops to reduce the severity of black rootrot will require trials
to be conducted in locations with sufficientl even distribution of the atho en

.

Research in CRDC project DANlooC, Detection, distrib"tio" and control of early season
growth disorder of cotton, indicated that mulches of hay had potential to increase early season
growth and fruit maturity of cotton, particularly in fields affected by bacterial stunt. Further
research in CRDC project DAN122C, Black root rot@"ds!ow early season growth of cotton,
confirmed the potential for cover crops to increase growth and yield of cotton in the absence
of disease, and to potentially reduce either the severity of black root rot or its impact. The
research in the two projects indicated that the benefits of wheat cover crops to early season
gi'owth of cotton were due to acornbination offactors, including:

. improved soilstructure

. moderation of soiltemperature extremes but higher soiltemperature during irrigation

. retention of soil moisture near the soilsurface due to reduced evaporation

. reduced windchill

Research on the potential for cover crops to reduce the severity of black root rot and decrease
seedling mortality, particularly in the cooler cotton production areas was continued in this
project.

in an experiment at Hillston, replicated plots of wheat were sown along a single 12-row run in
a field known to be infested with 71 basico!@. Wheat(cv. Janse) warsown on 20 June 2001 as
a single row on the shoulders of the bed (henceforth showlderwhe@t) either side of the cotton
planting line. Shortly after emergence of the wheat, herbicide was applied to half the plots to
create the 'bare' treatment. The rest of the wheat continued to grow (albeit poorly) and was
killed with herbicidejust priorto sowing of cotton was sown on 3 October 2001. Temperature
data-loggers were installed, soil samples were collected to assay the population density of T
basicol@, and the field was irrigated on 4 October. No differences in plant stand or in the
severity of black root rot were observed (Table 16). However, the population of T. basicol@ in
that part of the field was variable (half the plots had no spores of I': basico!@ at all) and below
50 cfu/ g soil, which is an approximate jinnimum level required to produce substantial
symptoms on cotton roots. The shoulder wheat in this field did not grow as well as it did
elsewhere on that farm. Nevertheless a 10% increase in early shoot growth was observed
(Table 16). The cover crop increased the daily soiltemperature maxima by an average of 2.1
'C and the nitnimd. by an average of 0.3 'C (Figure 19a). Since the disease pressure'was low,
the increase in growth with the cover crop was probably due to the warmersoiltemperatures
and/or reduced wind chill on the seedling plants, as cold winds were experienced during
October.
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Table 16. Effect of shoulder wheat, in replicated small plots, on black root rot and growth of cotton in a
field at Hillston in the 2001.02 season

Treatrnent

Bare

Wheat

Spore population
3.10.01

(cftVg soil)
15
33
NS

NS = not significant

in a second field on the same farm at Hillston in the 2001-02 season, shoulder wheat was
grown under sinxilar conditions but was only sown in one large block across half the field.
Cotton Was sown at approximately the same time as in the first field. On 6 October, single
temperature probes with data loggers were installed each side of the junction between the
wheat block and the bare soil, at a distance of 50 in from the tail drain. The field wasirrigated
on 10 October. Since there were no replicate plots, the effect of the shoulder wheat on cotton
growth and establishment was assessed along a transect 40 in from, and parallelto the trail
drain, with five replicate sampling positions either side of the junction between the shoulder
wheat and the rest of the field. In this field, the cover crop of shoulder wheat increased the
early season growth of cotton by 25% at the end of October(Table 17). Three weeks later the
plants in the wheat cover area were 150% bigger than those in the bare area of the field.
Although the plots were notreplicated, the difference between the two areas was very distinct
well beyond the small area that was sanipled. There was n0 71 b@stool@ detected in samples
taken previously elsewhere in this field, and symptoms of black rootrot were not observed at
the sanipling site where the soiltemperature and cotton growth was measured.

Table 17. Effect of shoulder wheat, in a single large plot, on growth orcotton in a field at Hillston in the
2001-02 season

Plant stand
31.10.01

(plants/in)
10.1

9.8
NS

Blackroot rotseverity
31.10.01

(0-10 scale)
2.0
2.0
NS

Shoot dry
mass

31.10.01

(ing/plant)
78

86
P= 0014

Bare

Cover

The shoulder wheatincreased the daily soiltemperature maxima by 1.2'C and the rinnima by
0.8'C on average (Figure 19b). This additional heatin the soil was, probably not sufficientto
account for the growth increase with shoulder wheat in this field. in comparison to the first
field, the wheatin this second field was taller and had a thicker stand, which probably reduced
the wind-chill factor to a greater extent than in the first field. The relative increase in soil
temperature due to the cover crop was greatest after an irrigation, at the Grid of November;
being an average of 3.7'C and 3.2'C higher for the daily maxima and nitnima for seven days
(Figure 19b).

A third experiment using wheat as a cover crop for cotton was. conducted on a farm near
Nanonxine in the Macquarie Valley in the 2001-02 season. kithis experiment wheat was
grown in eight-row plots forthe length of the field, with five replicates, and then sprayed with
herbicide prior to sowing cotton (SiCala V2RR) on 4 Oct. kithis experiment the cotton did not
establish well, probably due to difficulties in planting through the dead wheat plants, which
were not well aligned with the shoulders of the beds. The soil in the bare plots was cultivated
to a good tilth for sowing, whereas the soilin the wheat-cover plots was cloddy with cotton
stalks from a previous crop lying on the surface. kithis experiment plant stand was reduced
by 27.5% by the wheat cover (Table 18). The distribution of black root rot among the plots
was very variable and there was no difference in the severity of black root rot between the
treatments. Cotton shoot growth was reduced by 24% in the wheat-cover plots, although this
difference was riot reflected by plant height (Table 18).

Shoot dry
mass

21,1101

(ing/plant)
820

750
NS

Shoot dry mass 31.10.01 (ing/plant)
66
82

p = 0,009

Shoot dry mass 21.11.01 (g/plant)
0.30

0.75

p = 0,001
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Table 18 . Effect of shoulder wheat, in replicated eight-row plots, on plant establishment, .black root rot
and growth of cotton at 29 days aftersowing in a field near Narro, wine in the 2001-02season,

RelativelyBlackrootrot

severity(0-10 healthylateral
scale) roots (no. /plant)

5.0 11.0

6.8 7.3

NS NS

Plant stand

Treaiment (plants/in)
Bare soil 12.0

Wheatcover 8.7

Probability* (" = 5) P= 0,004

* NS = not significantly different

A cover crop of shoulder wheat was included as a treatment in the long-tenn biofunitgation
experiment connnenced at ACRlin the 2002-03 season. The growth of the wheat was
variable (ranging from 0.08 to 2.63 tonnes/11a), probably because no nitrogen fertiliser was
applied to the wheat and some of these plots had little available nitrogen where they
overlapped those of experiments in previous seasons. in the analysis of variance of all
treatments in the long-terni biofiinitgation experiment, the shoulder wheat did not have any
significant effects on establishment, growth and disease of cotton Crable 33). However,
within that treattnent, at 27 days after sowing, there was a very strong, positive correlation
between cotton growth and the dry matter of the shoulder wheat (Figure 20), confirnxing
previous observations of growth increases in cotton sown into cereal cover crops (see final
reportsforDANlooC andDAN122C).

Shoot dry mass
(g/plant)

155

1/7

P= 0,004

44

Shoot height
(Trulyplant)

53

59

NS

200

Cotton shoot

drymass 100
(ing/plant)

Figure 20. Cotton growth increased according to the dry muss of a cover crop of wheaton the shoulders of
the bed, in a field at the Australian Cotton Research Institute in 2002-03.
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y= 111.7+30,474*x
12 = 0.99, P< 0,001, n= 5

o
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4.2.5 Systemic acqz, iredresist@, zce

A practical method for application of acibenzolar-S-methyl to cotton seed was
developed, using 6 ing/kg seed, which was equivalent to the rate triprevious,
successful experiments using seed soaking
Application of acibenzolar-S-methyl to cotton seed in combination with standard seed
treatment fungicides was shown to have no phytotoxic effects on gemxination of
cotton seed and subsequentseedling growth
Seed treattnent with acibenzolar-S-methyl consistently activated resistance against
Fusarium wilt of cotton, although the effects were not major when disease severity
was moderately low
ACibenzolar-S-methylincreased seedling establishment in one experiment in a field
infested with the Fusarium wiltpathogen but notin other experiments.
ACibenzolar-S-methyldid not activate resistance against Veincillium wilt of cotton
The potential for an extended, active 'shelf life' of aCibenzolar-S-methyl, when
applied to seed in combination with the standard fungicides, was demonstrated
Foliar application ofBrotomax" and salicylic acid was ineffective against Fusarium
wilt and Verticillium wilt of cotton

Seed treatinent with Iant bonnones wasineffective a amst Fusarium wilt of cotton.

Development of seedtre@tme"tr"tesfor@cibe"zolor-S-methyl

Previous research (Final Report DAN122C) had indicated that the non-fungicidal chenxical
acibenzolar-S-methyl has the capacity to activate the resistance of cotton against black root
rot when applied as a seed treatment by soaking the seeds in solutions of acibenzolar-S-
methylimmediately prior to sowing. While this method proved to be 'effective, it would be
more practical if acibenzolar-S-methyl could be nitxed with the standard seed treatments
applied to coinniercial seed, thus elmtinating the task of soaking the seed and associated
problems with delivery of seed through the planter;jinbibition alone was shown to reduce the
delivery of seedby certain cotton planters(see Final Report DAN153C).

To detennine appropriate rates for application of acibenzolar-S-methyl with the standard seed
coatings, the equivalent annount of acibenzolar-S-methyl absorbed during the seed soaking
process had to be calculated. inIbibition of water by cotton seed (cv. SiCala V2) was
determined eravimetrically in two experiments and the data pooled to fit a polyiioimal model
forthe rate of absorption of water (Figure 21).

45

2 3

Soaking time (hours)
Figure 21. Innbibition of water by cotton Seed (cv. SiCala V2) over time (data estimated grayimetrically
and pooled for two studies)
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in previous experiments, soaking cotton seed for three hours in a solution of acibenzolar-S-
methyl (25 ing/L) was sufficient to activate heightened resistance against T basicol@ (see
DAN122C Final Report). Since I kg of cotton seed imbibes 0.24 L of water in three hours
(F'igure 21)* uptake of acibenzolar-S-methyl in those experiments was equivalent to 6 ing/kg
seed.

To test whether or not adding acibenzolar-S-methylto the seed coating linght be phytotoxic, a
range of rates equivalent to soaking with the 25 ing solution of acibenzolar-S-methyl and
lower rates were evaluated in combination with the standard seed iteatinent fungicides (Table
19). Bion' was a granular fomiulation and was ground finely in a mortar and pestle before
applying to 200 g black seed (cv. SiCot 189) in a plastic bag, agitating the bag until the
powder was sufficiently dispersed on the seed and then adding 1.7 inL of liquid QAP (PCNB,
metalaryl-M, Perldiain" blue), with agitation until seeds were evenly coated. Boost' was
applied in a sillitlar mariner, except the Boost' was allowed to dry on the seeds before
addition of the QAP. Tile seeds were gemxinated on moist paper towellin^ in sterile
geniiination chambers that allowed the radicle to gi'ow downwards such that its length could
be measured easily. The gennination chambers each contained 10 seeds and there were five
replicate chambers for each rate. Chambers were incubated at 23'C and rootlength was assess
after 137 hours,

Table 19. Rates of acibenzolar-S-methyland equivalent rates fortorm"Iations applied with the fungicides
PERB and metalaryl-M, as a seed coating to cotton seed to evaluate the potential for phytotoxicity in
errnt"ann seedlin s

Seed-soaking equivalent
(ACibenzolar-S-mediI minsolution)

o

5
10
25

Application of both fomnulations of acibenzolar-S-methylin combination with PCNB and
metalaryl-M had no detrimental effect on gemiination and growth of cotton seedlings under
sterile conditions (Figure 22).
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Figure 22. Application of acibenzolar-S-methyl, formulated as Bion' (A) or Boost' (B), to cotton seed (cv.
SiCot 189) with the standard seed treatment fungicides (PCNB and metalaxyl-M) had no effect on
ger, wination and radicle growth under sterile conditions.
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To test whether or not seed treattnent with these formulations nitght activate some resistance
against black root rot of cotton, seed was treated with either Bion' or Boost' at rates
equivalent to 0.24 and 1.2 ing acibenzolar-S-methyl/kg seed. For each treatment five seeds
were sown in each of five replicate pots filled with soil collected from a cotton field at the
Australian Cotton Research institute. The pots were grown in the glasshouse and black root
rot was assessed at 28 days after sowing. Unfortunately, the soil used contained little
inoculum of T basicol@ and disease symptoms were observed on only a few plants (data not
presented). However, progressive assessment of plant establishment indicated that none of the
fomiulations affected seedling emergence (Table 20).

Table 20. Application of acibe, Izolar-S-methyl, formulated as Bion' or Boost', to cotton seed (cv. SiCot
189) with the standard seed treatment fungicides OCNB and metalanyl-M) had inq- effect on germination
and redicle rowth under sterile conditions coAS = days aftersowin$!)

Seed treatment

Control

Bion (2.4 ing/kg seed)
Bion (12 ing/kg seed)
Boost(2.4 PERg seed)
Boost(2.4 PERg seed)

The above investigation demonstrated that application of acibenzolar-S-methylto cotton seed
at the rate of 6 ing/kg is equivalent to the rate used successfully against black root rot by
soaking seed. Furthennore, application of acibenzolar-S, methylin combination with standard
seed treattnent fungicides had no phytotoxic effects on gemiination of seed and subsequent
growth. Applying acibenzolar-S-methyl as a seed coating would be a much more practical
methodthan seed soaking.

ACibenzo!@r's-methyl2001-02

To assess the potential for soaking seeds in acibenzolar-S-methylto control Ventcillium wilt,
seeds of cotton (cv. NUPearl RR) were soaked for three hours in a solution of acibenzolar-S-
methyl(25 ing L") and sown at 15 seeds/in in four-row plots in a completely randorritsed
block design in the Verticillium wilt nursery at ACRlon 9 October 2001. Disease incidence
was assessed after harvest by cutting anthe sterns, at approximately cotyledon level, in two
10 in lengths of cotton row in each plot and assessing disease severity on a scale from 04
(described above for the Brotomax experiments). ACibenzolar-S-methyl had no effect on the
total incidence of Verticillium wilt (Table 21). ACibenzolar-S-methyl did decrease the
severity of black root rot of cotton in this experiment and these results were reported
separately in the Final Report for CRDC funded project DAN153C, Managing black root rot
of cotton, including a reduction in stand establishment at the beginning of the season.

Table 21. Severity ofVer, icillium wilt orcotton, with and withoutseed treatment by soaking in a solution
of acihenzolar-S-meth Iatsowin , at the Australian Cotton Research Institute in 2001-02

ACibenzolar-S-meth I( 11/1, ) Ventcillium wiltincidence (% plants)
o 92

25 97

Notsi ificant

36 60 64

28 68 96

40 64 84

72 8888

44 8880

Notsignificant(P = 0,234) Not significant(P= 0,448) Not significant(P= 0,113)

80AS

Seedling emergence (%)
110AS 130AS

To evaluate the potential for acibenzolar-S-methylto controlFusarium wilt, experiments were
conducted in severely-infested fields near Boggabilla. A liquid formulation of acibenzolar-S-
methyl(Bion") was mixed with the QAP (PCNB, metalaryl and Perldium Blue) and applied

,
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to 'black' seed on the day of sowing or, to test its shelf-life, ten days before sowing. QAP
alone was used as the control. in both seed treatments, acibenzolar-S-methylinduced
systenxic resistance against Fusaduin wilt substantially (Table 22). The potential for
application of acibenzolar-S-methyl within standard seed coatings has now been
demonstrated. ACibenzolar-S-methyl also increased stand significantly in that experiment
(Table 22). Such effects on seedling establishment are generally not observed with
anibenzolar-S-methyl(see final report DAN122C).

Table 22. Effect of acibenzolar-S-methyl(Bion") seed treatment on EUsarium wilt in cotton in a field
near Bo abilla in the 2001-02 season

Seedlingstand Seedling Healthyadult Plantshealthy
( Iants/in) survival(%) Iants (% all season (%)

10.0b 26b78b 33b

10.7a 87a 33a37a

11.5a 84ab 33a39a

p^0,031 p = 0,018 p< 0.05 p < 0.05
Values in columns with the same letter are not significantly different by pairwise comparison of means at the
stated probability level. Parameters measured are the same as in Table 3.

Treaiment

Control(QAP only)
TM

Bion at sowing

Bion 10days before sowing

in a second experiment at Boggabilla, cotton seed was soaked in a solution of acibenzolar-S-
methyl(25 11g/L) for three hours prior to sowing, with untreated seed as the control and sown
with an air seeder. These two seed treattnents were split into a further four in-furrow
fungicide treainients (sprayed in solution at the rate of 87Ulia) in single-row plots 15 in long
as follows: water as control; bonomyl(a. i. Benlate" at 600 g/ha); machinenol(Baytan" C
FS at 330 inL ha);toCIOfos methyl(Rizolex" at 120 g/ha). The fungicides and acibenzolar-S-
methyl had no effect on seedling establishment Crable 3). ACibenzolar-S-methyl and
triadimenolincreased the survival of seedlings (i. e. beyond December) by 7% and 12%
respectively, but had on effect on the number of healthy adult plants. Triadimenolincreased
the number of plants that were healthy all season in comparison to benomyl(total survival
(Table 23) but notin comparison to the control. ACibenzolar-S-methyl almost increased the
number of plants that were healthy all season (Table 23). There were significant differences
aniong rows in the experiment and the data require spatial analysis.

Table 23. Effect of acibe, unlar-S-methyl seed treatment and in-furrow fungicides on EUsarium wilt in
cotton in a field nearBo billa in the 2001.02 season

Stand( Iants/in) 'seedlin survival(%) 'Adults"rvival(% 'Totalsurvival %)
In-furrow fun ichdes

Water

Benomyl
Triadimenol

ToCIOfos methyl
Dprob@binO'

Seed treatment

Untreated 9.1 73.6 23.331.1

ACibenzolar-S-methyl 9.0 82.3 25.130.2

Probability Notsignificant p<0.001 Notsignificant p=0,052
Seedling survival is the percentage of the original plant stand, in October, that was still alive arthe end of the

season

'Adult survival is the percentage of the plant stand at the end of the season with little or no disease co and I on
the 04 stem rating scale)
'1'01al survival is the percentage of the original plant stand, in October, that survived to the end of the season
with little or no disease co and I on the 0-4 stern rating scale)
'Values in columns with the same letter are not significantly different by pairwise comparison of means at the
stated probability level. The two way interaction between seed treatment and the fungicides was not significant

9.2

8.8

8.9

9.2

Not significant

76.6b

75.1b

81.6a

77.7ab

p<=0,024

30.0

28.1

32.7

32.4

Not significant

23.1ab

21.5b

27.2a

25.5a

p<=0,025



Brotom, z:c2001-02

A liquid product known as BTOtomax" is reported to induce systenxic acquired resistance
(SAR) against plant pathogens in a number of crops. The potential for Brotomax" to induce
SAR against Veincillium wilt was exainined in a field trial on the Breeza plain in the 2001-02
cotton growing season. Cotton (variety V17) was sown in the second week of October. The
experiment used a completely randonxised block design in part of a field where severe
Verticillium wilt had been observed in the previous year. There were two treatments:
Brotomax" and the untreated control. Brotomax" was applied as a I% solution sprayed
over whole plants untilrun-off, on 6 November 2001. Brotomax" was applied again as a I%
solution sprayed all over the plants until run-off, on 18 January 2001. The severity of
Veincillium wilt was assessed by cutting stems and assessing vascular discolouration on the
04 scale (as described in Methodology)

Climatic conditions during the first half of the 2001-02 season were very favourable for
development of Veincillium wilt. The disease was more severe'at the Breeza plain site, than
in the Verticillium wilt nursery at the Australian Cotton Research institute. There was little
difference in the incidence and severity of Ventcillium wilt between treatments (Figure 23).
Although BTOtomax" was not effective in this experiment, it may be worth investigating the
use of different rates and/or tinting of application.

+-Untreated

~,~Brotomax

Frequencv

(% plants)

49

60

2 3

Disease seventv(04

Figure 23. Severity ofVerticillium wiltin cotton in a field on the Breeza plain, 2002
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Brotom@;Landsalicylic@cid2002-03

in further evaluation of Brotomax", either Brotomax" (I% solution), salicylic acid (10
inMol solution) or water were sprayed on to the foliage of cotton plants at the seedling stage
and at flowering in the 2002-03 season in a field at Boggabilla, in one-row plots that were 20
in long in a completely randontised block design. The field was severely infested with the
Fusarium wilt pathogen. Plant stand was recorded on 29 October 2002 and the incidence of
Fusarium wilt was recorded by cutting stems and assessing vascular discolouration on the 04
scale (as described in Methodology) on 7 April 2003. This experiment was repeated in the
Verticillium wilt nursery at ACRl in the' same season. Althese sites, neither product
influenced the development of Fusarium wilt (Table 24) and Verticillium wilt (Table 25)
significantly in comparison to the control.
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Table 24. Lack of effect of foliar application of putstive activators of systeminc acquired resistance on the
incidence ofFusarium wilt orcotton atBo abilla in the 2002-03season

Seedlin survival(%) Totalsurvival(%)
Control 68 13
BTOtomax 65 13

Salicylic Acid 69 16
Probobili: Notsi ificant Notsi ificant

Seedling survival is the percentage of the original plant stand, in October, that was still alive at the end of the

Total survival is the percentage of the original plant stand, in October, that survived to the end of the season
with little or no disease co and I on the 0-4 stem rating scale)

Table 25. Lack of effect of foliar application of putstive activators of systeminc acquired resistance on the
incidence of VerticalIium wilt and yield of cotton at the Australian Cotton Research Institute in the 2002-
03 season

season

Control

BTOtomax

Salicylic Acid
ProbCbili

Planthomzo"es2003-04

To test reports by growers and consultants that application of gibberellic acid to cotton seed
may improved seedling vigour in the presence of Fusarium wilt, cotton seed (cv. SiCala
289RR) was treated with the product Early Harvest@ (3.9 mm kg seed; a. i. kinetin 0.09%,
gibberellic acid 0.03%, indole butyric acid 0,045%) and sown in single-row replicated plots in
an infested field near Moree on 10 October 2003. Plant stand was assessed at 17 d after
sowing and disease severity was assessed at the end of the season using the 04 scale for
vascular discolouration of stems. The plant horniones in Early Harvest' PGR had no
significant effects on seedling establishment, orthe incidence and severity ofFusarium wilt at
the end of the season (Table 26).

Table 26. Lack orefirect of seed treatment with gibberellic acid on stand establishment and the incidence
and seven of IRUsarium wilt orcotton in a field near Moree in the 2003.04 season

Stand establishment Seedling survival(%)
( Iants/in)

Untreated 7.7 6382
Earl Harvest PGR 7.5 89 72

Prob@hilt , Notsi rimcant Notsi rimcant Notsi rimcant

Seedling survival is the percentage of the original plant stand, in October, that was still alive at the end of the
season

Total survival is the percentage of the original plant stand, in October, that survived to the end of the season
with littie or no disease co and I on the 04 stern rating scale)

Vertici"ium wiltincidence (% Iants)
30

32

29

Notsi ificant

,
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Lint 'eld(batha)
4.2

4.1

4.0

Notsi ificant

Actbenzo!ar-S-methyl andBrotomo. x2003-04

To evaluate the most effective rate for application of acibenzolar-S-methylto cotton seed, for
control of Fusarium wilt, cotton seed (cv. SiCala 289RR) was treated with acibenzolar-S-
methyl, applied to black seed at six rates (0, 0.5 I, 3, 6 and 12 ing/k ) in combination with the
standard fungicide seed treatment(PCNB, metalaxyl-M, Perldiam blue) and sown in single-
row, replicated plots in a completely randomised block design, in a field near Moree on 10
October 2003. Plant stand was assessed at 17 days after sowing and disease severity was

otalsurvival(%)
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assessed at the end of the season using the 0-4 scale for vascular discolouration of stems.
ACibenzolar-S-methyl had no effect on stand establishment at 17 days after sowing (data not
presented) and most of the seedlings survived untilthe end of the season (seedling survival,
Fig. 24a). Seedling survival increased significantly with increasing rates of acibenzolar-S-
methyl, although the correlation was relatively weak; only 15% of variation in seedling
survival could be explained by variation in the rate of acibenzolar-S-methyl. However, mean
seedling survival at 12 ing acibenzolar-S-methyl per kg of seed was significantly (P = 0.46)
higher than in the control(85%). The severity of EUsarium wilt at this trial site was moderate,
with an average of 65% of plants surviving with little or no disease allseason (Fig. 24b). The
lack of significant in:^jor effects by acibenzolar-S-methylis consistent with the relatively low
severity of disease in this experiment. Data from sites where the average total survival is
greater than 70% are not used in evaluation of the Fusarium wilt resistance of coriumercial
cultivars due to the potentially high variance of the data. Nevertheless, the results of this
experiment do demonstrate the capacity for acibenzolar-S-methyl to activate heightened
levels of resistance in cotton against Fusarium wilt.
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Figure 24. Application of acibenzolar-S-methyl to cotton seed at sowing increased survival of cotton
seedlings in the original plants stand, through to the end of the season (seedling survival, A), but had 110
effect on the proportion of the original plant stand that had survived am season with little or ino sum torus
of EUsariumw"t(B), in a field near MoreeNSW in the 2003-04 season.

Lithe 2003-04 season, cotton (cv. Siokra I-4) was sown in the Verticillium wilt nursery at the
Australian Cotton Research institute on 29 September (15 seeds/in). 'Black' seed was treated
innnediately before sowing with eitheri)the standard fungicide treatment(PCNB, metalaryl-
M, Pendiam blue) applied as 20 inUkg seed, ii) the standard fungicide treatment plus
acibenzolar-S-methyl (6 ing/kg seed) or in) Brotomax alone at the rate of 20 inUkg seed.
Plant stand was assessed at 22 days after sowing and there were no significant differences
(Table 27). For acibenzolar-S-methyl, this result was consistent with most other trials to date,
in which there has been no enhancement of seedling establishment. Importantly, these
experiments demonstrate that acibenzolar-S-methyl does not decrease stand establishment
when applied as part of the seed dressing. The apparent decreases in seedling establishment
when acibenzolar-S-methylis applied by soaking seedsjust before sowing were shown to be
an artefact of the swelling of seeds with jinbibition (DAN153C) and was not apparent when
an air seeder was used (Table 23). The data from these experiments confirm that acibenzolar-
S-methyl does not have a phytotoxic effect on seedlings that affects establishment. The effect
of acibenzolar~S-methyl and BTOtomax" on Verticillium wilt was not assessed due to the

y= 0,923x+83.5
12 = 0.15, P= 0,021, n= 36
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confounding effect of establishment of large numbers of self-sown cotton plants during the
course of the experiment.

Table 27. Lack of effect of seed treatment with acibe"zolar-S-methyl and Brotomax" on stand
establishment orcotton in a field at the Australian Cotton Research Institute in the 2003.04 season

Untreated

ACibenzolar-S-methyl(6 ing/kg seed)
BTOtomax" (20 inUkg seed)

Stand establishment(plants/in)
11.2

114
11.6

Not significant(P = 0,927)



4.2.6 lintj"z, rrowfz, ,, girtdes

. In-furrow application of several fungicides did not control seedling disease
The benefitto growers from using in-furrow fungicides that are registered for control
of seedling disease will depend upon the relative disease pressure exerted by their
target pathogens in any given year orfield
In-furrow application of the fungicides benomyl, triadimenol and toCIOfos methyl was
ineffective in controllin EUsarium wilt

.

Seedling disease

in two field trials in the Murrumbidgee valley, Rizolex@ had no impact on seedling mortality
(Table 28). This does not mean that this fungicide is ineffective against Rhizocto, It@.
Conditions were cold at the start of the trial in the 2001/02 season and some seedlings were
still emerging at 27 days after sowing. Most of the seedlings (with or without Rizolex@) had
very few symptoms of post-emergentinfection by Rhizoctoni" (i. e. on the hypocotyls). The
strains of Rhizoctonia that infect cereals are different to those that infect cotton. Since the

fields in these trials had only recently changed from cereal cropping to cotton, the levels of
the strains of that are specific to cotton (Rhizocto, It@ AG4) may have been low. Anthe seed in
thes^ trials was treated with Quintozene@, which is active against Rhizocto"in. Since the
addition of Rizolex@ did not reduce seedling mortality any more than the standard seed
treatment, it appears that Rhizocto"to was not a dormnant cause of seedling mortality in these
trials. 1/1 some years, at some sites, Pythi"in can be the dormnant pathogen causing seedling
disease and seed treatment fungicides are recommended for cotton in allregions. The value of
using in-furrow fungicides, such as Rizolex@, will vary according to pressure from
Rhizoctoni" in a given year, in a given field.

Table 28. Effect of in-furrow application of toclotos-methyl(Rizolex@, at recommended rate) Dinseedlir, g
mortality orcottoi, in the Murn, inbidgee valley.

Seedling mortality (%)
Treatment

53

2001/02 season

Untreated

Rizolex

2003/04season

Untreated

Rizolex

DAS = days aftersowing, un = not determined

In the 2003-04 season, in a field trial at a farm north of Wanen, toCIOfos~methyl(Rizolex',
Sumitomo) was applied as an in-furrow spray in plots that ran the fulllength of the field. The
field was sown on I October at 14 seeds/in. The field had heavier soil near the tail drain and

lighter soil at the head ditch end of the plots. Seedling mortality at 20 days after sowing
averaged 32 and 37% in the lighter and heavier soils respectively. At 20 days after sowing,
Rizolex' had no effect on seedling establishment at either end of the field (Table 29).

27 DAS

61

60

44

45

48 DAS

63

61

ND

ND



Table 29. Effect of in-furrow application of toclotos-methyl(Rinolex@, at. recommended rate) on seedling
mortali

Treatment

Heavier soil

Untreated

Rizolex@

Probability

Lighter soil
Untreated 9.9

Rizolex@ 9.2

Probabilit NS

Data in brackets were transformed ( lit) for nonnality before analysis of variance, NS = riotsignificant, un =
not deternitned

orcotton in the Macquarie valley in 2003

By 80 days after sowing, seedling mortality had increased to 44% in the heavier soil, with the

Rizolex treatment increasin^ plant stand by one plant/in, or 12% (Table 29). While the
increased stand with Rizolex was not large, it should be borne in Twind that anthe seed in
these trials was treated with PCNB (Quintozene@, Bayer Crop Science) which is active
against Rhizoctoni@. The results do not show that Rizolex' is ineffective against Rhtzocto"to
but add further evidence indicating that the predorntnance of seedling pathogens varies from
site to site. It seems that Pythii, in may have been the more dontinant pathogen in the field
used in this experiment, although other factors are involved in stand establishment. The
benefitto growers from using in-furrow fungicides, such as Rizolex', will vary according to
pressure fromRhizoctonia in a given year, in a given field.

Stand establishment(plants/in)
21 Oct 19 Dec

8.6

9.0

NS

.

F"s@ri"in wilt

111 a field experiment at Boggabilla in the'2001-02 season, in-furrow application of the
fungicide triadimenol at planting gave a significant increase in seedling survival in a crop
heavily affected by Fusadum wilt but this effect did not translate to an increase in total
survival in comparison to the control(Table 23). The other fungicides in that experiment did
not have significant effects on Fusarium wilt and none of them increased seedling
establishment. at the start of the season (Table 23).
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7.3 (0.37)
8.3 (0.35)
P = 0,049

ND

ND



4.2.7 Biolz, inig@tio, z

A long-term trial of biofumigation with vetch and canola at a site with a low I I f
T basicol@ in the soil was commenced at the Australian Cotton Research In t'tilt
In trial at Hillston, coriumon vetch (Vicia sativa) appears not to have biofumi ation
potential for black root rot although cold winter conditions ina have revent d
sufficient growth

Vetch, mustard and canola were increased the severity of Fusarium wilt in t'at t
Boggabilla and should not be used as biofumigation cro s on farms with F
wilt

Mustard meal and mustard oil were not effective as biofuintgation agents against
Verticillium wilt or Fusarium wilt

Biofumigation involves planting a 'green manure' cro that releases coin o d th t
to pests or pathogens in the soil. Conventional soil funxigation is not a ractical o t' f
cotton diseases in Australia because of the scale of production and because filmi ant d
penetrate heavy soils very well. Biofuntigation offers a safe, self- eneratin method f
distributing anatiiralfuntigantthroughoutthe soilprofile. There are severalt f I
that can be used, including canola, mustards andcertains eciesofvetch. Vetchh b d
successfully as a biofuntigant for black root rot in cotton in the USA and h th dd d
benefit of providing nitrogen to the following cotton crop. The use of wooll od t h
biofuntigation crop for black rootrotis becoming popular due to the otential nitro en rein
However, the impact of biofumigation crops on Fusarium wilt had not been evaluated t
this project.

Biqf, ,inigotion crops

Black root rot. In a field infested with the black root rot fungus (7: basicol@) at Hillston,
common vetch (Vici@ sativa, cv. Blanche F1eur) was sown on 19 June 2001. The o ulation
of T basicola in the soils was assessed in cores collected from a s in the stand 14 I I
2001 and, when cotton was sown, on 3 October 2001. The vetch treatment h d ff
the level of spores or the severity of disease in the subsequent cotton cro (Table 30). Cold
conditions were experienced after the vetch was sown and it is estimated that the biom f
the vetch crop was approximately 2 tonne/11a, which may have been too little to i
substantial biofumigation effect.

Table 30. Lack oreffect of a green ,nunure crop of common vetch (Viet" salty@, cv. Blanche me ) th
population ofThieZ"viqpsis bustcoZ" and the severity orblack root rot orcot, on ' f in t Hill t
2001-02 season

Sporepopulation Sporepopulation Plant stand Black rootrot
before vetch (cftVg after vetch 31.10.01 severity 31.10.01

soil) (cfu/ soil) ( Iants/in) (0-10 scale)
719 362 9. I 8.7
671 278 9.7 8.4
NS NS NS NS

NS = riotsignificant, cfu = colony fomxing units

Long-ternz biqf"inigationforblock root rot

Controlofblack root rot of cotton has two objectives: reversal of a sev ' f t t' d
prevention of the build-up of the pathogen in the soil in the first lace. Previous wo k
biofumigation crops for control of black root rot of cotton has included trials in h I
infested soils. in 2002 a long-term experiment was commenced at the A t I' C

.
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Research Institute to deterTmne whether or not the use of biofumigation cro s could revent
the increase of black root rot from an initially low level of the pathogen in the soil. Before
commencing the experiment, soilwas assayed formoculum ofT. basicol" along two transects
of the trial site, which had rows 120 in long; one transect at 30 in from the head ditch and one
at 30 in from the tail drain. The assays indicated that an area of infested soil existed at one end
of the trial site, with more inoculum in the head-ditch transect than in the tail-drain transect
(Figure 25).
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Figure 25. initial distribution of inoc"Ium of Z'. basicoZ" across the trial site used in a 10n -t
biof", wigation experimental ACRl(soilsampled 20 June 2002).

The experiment was commenced with four-row plots running the length of a field with beds I
in wide, in 2002-03 (Table 31). The treatments were woolly pod vetch (cv. Nannoi) and canola
(cv. BQ mulch) as green manure crops, and wheat(cv. Yallaroi). The wheat was sown in two
rows, one on each shoulder of the bed and sprayed with herbicide prior to sowing cotton
between the rowsin the centre of the bed.

Lithe 2003-04 season, the trial design was altered because cultivation of bare lots was
causing too much interference with adjacent wheat plots. Pairs offour-row plots were mer ed
into eight-row plots and the trial was splitinto two tiers of plots, Tier I being the halfclosest
to the head ditch and Tier 2 being the half closest to the tall drain. (Table 31). in both 2002
and 2003, delays in harvesting the previous cotton crops prevented timel sowin of the
biofumigation crops; 14 June in 2002 and 23 May 2003. Consequently, d matter roduction
of the vetch and canola was relatively low. Dry matter of the vetch and canola, at the time of
incorporation (21 August 2002,19 August 2003), was not measured in 2002 and waslessthari
Itha in 2003 (Table 32).

o
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Table 31. Plot design for green manure crops (vetch, canola) and a wheat cover-crop sown on the
shoulders of the beds in a cotton field at the Australian Cotton Research institute

2002.03 2003.04

Plots (120 in 10n ) Tier2( lots60mlon )) Tierl( lots60mlo" )
Bare

Wheat Bare
Wheat

Bare

Carlol

Bare

Wheat

oa

Wheat

a

Bare

Bare

Table 32. Dry mutter production of green manure crops (vetch, canola) and a wheat cover-crop sown on
the shoulders of the bedsin a cotton field at the Australian Cotton Research Institute

Above- oundd mass(t/ha)
2002.03 2003-04

0.93

0.66

1.63

Bare

Bare

Wheat

Bare

Bare

Vetch

Canola

Wheat

Wheat

In the 2002-03 season there were no differences in the severity of black root rot of cotton or
cotton growth (Table 33). The mean level of symptoms observed of tap roots of cotton was
moderately high in the 2002-03 season but variable, reflecting the variable distribution of the
pathogen in the soil(Figure 25). The growth of biofunxigation crops and the shoulder wheat
was also variable due to a nitrogen deficit in some plots that was carried over from the
previous cropping history of the field. Lithe shoulder wheat plots, cotton dry mass and wheat
dry mass were positively correlated and these observations are described in the section on
cover cropping (Figure 20).

Table 33. Lack of effect of biofunadgation crops on the severity of black root rot and growth orcotton, on
30 October 2002, in a field at the Australian Cotton Research Institute

Blackrootrotseveri onto roots(0.10scale) Shootd matter( Iant)
6.7 0.13

5.9 0.15

5.7 0.12

6.0 0.15

Not significant Not si rimcant

earn

Wheat

Bare

Canal

Bare

Wheat

Bare

Wheat

Bare

Wheat

Mustard

Vetch

131

Wheat
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in 2003-04, problems with the cotton planter resulted in seed being sown excessiveI dee
and the trial had to be replanted with cotton. Consequently disease severity was not assessed
in that year. By Feb 2004, the population of T. basico!a in the soil had increased substantialI
across the trial .site (Figure 26) particularly in the area where inoculum was high at the
initiation of the trial (Figure 25). This trial is being continued in order to address the initial
question of the capacity for biofunxigation crops to slow the increase of T. basicol@ in soil.
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Figure 26. Distribution of inoculum of I"foiel"itopsis b@stool" across the trial site used in the 10n -term
biofumigation experiment at ACRl(soilsampled 8 July 2003)

o

FMS@rinm wilt. Two experiments to assess the potential for control of Fusarium wilt using
biofuintgation crops were conducted in a severely infested field near Boggabilla (Figure 10).
hidian mustard (cv. 651) and vetch (cv. Capello) were sown by hand on 11 May 2001, slashed
on 27 August and incorporated two days later. Cotton (cv. SiCot 70) was sown on 8 October
2001 at 10.5 seeds/in in two-row plots, 20 in long, in a completely randomised block desi ,
using unsown plots as the control and six replicates. Stand establishment was assessed on 29
October in the middle 16 in of each plot and stems were cut for assessment of vascular
discolouration on 30 April 2002. A duplicate experiment was conducted in the same manner
using canola and chickpea, in adjacent plots. The chickpea failed to gemiinate and the cotton
in these plots was not assessed.

Following the mustard and vetch green manure crops, the severity of Fusarium wilt was
increased substantially in comparison to the control (Table 34). A similar increase in the
severity ofFusarium wilt was observed when canola was grown as a green manure crop nor
to cotton (Table 35). Biofuntigation crops clearly have the potential to increase the severity of
Fusarium wilt and should not be used untilproven to be effective.



Table 34. Increased Fusarium wiltim cotton sown six weeks after inco oration of wooll od vetch d
Indian mustard in a field near Bo abilla in the 2001-02 season

Bare Vetch Mustard Probabilit
Initial plant stand (plants/in) 7.9a 7.5a 5.8b P ^0,001
'Seedling survival(%) 60a 36b 46b P ::; 0,014
CAdUltSUrvival(%, 22.1a 4.4b 3.9b P :^ 0,001
Drotalsurvival(%) 13.5a 1.7b 1.8b P 55 0,001
Values in rows with the same letter are not significantly different by pairwise comparison of means usin the

Scheff6 test at the stated probability level. (DAS = days after sowing).
Seedling survival is the percentage of the'original plant stand, in October, that was still alive at the end of th

season

Adult survival is the percentage of the plant stand at the end of the season with little or no disease co and I on
the 04 stern rating scale)
'1'0tal survival is the percentage of the original plant stand, in October, that survived to the end of the season
with little or no disease co and I on the 04 stem rating scale)

Table 35. Increased EUsarium wintin cotton sown six weeks after incorporation orcanola in a field non
Bo abilla in the 2001-02 season

Bare Canola Probabili
8.1a 5.3b P= 0,003

52 46 P=0,044
15 6.5 Not significant
8.0 3.0 P= 0,020

Values in rows with the same letter are not significantly different by pairwise coin adson of means usin the
Scheff6 test at the stated probability level. OAS = days after sowing).
Seedling survival is the percentage. of the original plant stand, in October, that was still alive at the end of the

season

Adult survival is the percentage of the plant stand at the end of the season with little or no disease co and I on
the 0-4 stern rating scale)
"1'0tal survival is the percentage of the original plant stand, in October, that survived to the end of the season
with lime or no disease co and I on the 04 sternrating scale)

Initial plant stand (plants/in)
'Seedling survival(%)
CAdultSUrvivaj(%)
Drotalsurvival (,,

Songmendme?It with in"stardprod"cts

When the tissues of brassicas, such as canola and mustard, are physicalI disru ted,
Iucosinolatesinth. t' 'dl ' 'glucosinolates in these. tissues are rapidly converted to isothiocyanates (ITC) that are released

into the atmosphere. The ITC released after brassica crops are incorporated are the most
active compounds in the biofuintgation effect using brassicas. Mustard oil and mustard meal
made from cultivars with a high glucosinolate content may release substantial amounts of
TTC. The potential to control Verticillium wilt and Fusarium wilt using mustard roducts was
evaluated in the 2002-03 season.

Verticilli"in wilt. Experiments using mustard meal and mustard oil were conducted in the
Verticillium wilt nursery at the Australian Cotton Research institute, Nanabri Mustard meal
(product name 'Naturafume') and mustard oil(product name 'Voom') were kindly provided
by Mr Prem Nthil. Lithe first experiment, mustard meal was applied to the soil in a
randomised block design with two treatments and fourreplicates. Plots were two rows wide x
15 in long, with a row of buffer on either side and at least 10 in buffer at either end. Mustard
meal (1000 kg/ha) was spread by hand on the soil surface in a band approximately 15 cm
wide along the planting line on each row on 24 September 2002 and immediateI

.incorporated into the soil using rotary harrows. Cotton (cv. SiCala V3RRi) was sown (15
seeds/in) in all plots on 3 October 2002. The severity of Verticillium wilt was assessed on 15
May 2003 by cutting the stems of every cotton plantin each plot and SCOrin for the resence
or absence of symptoms of Verticillium wilt. In the second experiment in the Verticillium wilt
nursery, a 5% emulsion of mustard oil in filtered bore-water was injected into the soil at 10
cm in depth at the rate of 400Uha, which was equivalent to 20 L mustard oil/11a. The
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experimental design and procedures were otherwise the same as for the mustard meal
experiment.

Application of the mustard oil and mustard meal prior to sowing cotton had no effect on the
incidence of Verticillium wilt(Tables 36 and 37).

Table 36. Plant establishment and incidence of Verticilli"in wilt of cotton after pre-planting amendment
of soil with mustard meal(I tonndha)in the Verticillium wilt nursery at the Australian Cotton Research
Institute in 2002-03

Stand (plants/in, 15 May 2002)
Veincillium wilt(% Iants)

Table 37. Plant establishment and incidence of Verticillium wilt of cotton after pre-planting injection of
mustard oil(20 Uha) into soilin the Verticillium wilt nursery at the Australian Cotton Research Institute
in 2002.03

Stand (plants/in, 15 May 2002)
Veincillium wilt(% Iants)

FMS@ri"in wilt. Two experiments using mustard oil were conducted in a colluiiercial field near
Boggabilla that was severely infested with the Fusarium wilt pathogen. in the first
experiment, mustard oil was applied in a randonxised block design with 2 treatments x 8
replicates in single row plots 10 in long, on 27 September 2002. in each treated plot, a furrow
(10 cm wide x 15 cm deep) was dug by hand along the planting line, 400 InL of a 5%
emulsion of mustard oil(50 inL oiVL distilled water) was sprayed into the base of the furrow
using a garden sprayer, the excavated soil was illui, ediately replaced in the furrow and the
beds were raked-overto provide a levelsurface suitable for planting. This rate was equivalent
to 20 L of mustard oil per hectare. kithe control plots 400 inL of distilled water was applied
in the same manner as for the treated plots. Cotton (cv. SiCot 70) was sown (13 seeds/in)
across the plots by the grower on 8 October 2002. The plots were arranged in two tiers of
eight, with no buffers, such that cotton was sown across the whole experiment in single pass
of the eight-row I)Ianter. Plant stand was assessed on 29 October, 27 November and 7 April
by counting all plants within each 10 in plot. Disease severity was assessed on 7 April 2003
by cutting the stems of every cotton plantin each plot and counting the number of plants with
little (less than 5% of the stem in cross-section) or no symptoms ofFusarium wilt.

In the second experiment, mustard oil was applied in a completely randointsed block design
with 5 rates x 5 replicates. Plots were 2 in long and arranged in 5 tiers in 5 adjacent rows,
with I in of buffer between each tier. Mustard oil was applied in the same manner as in the
first experiment except that 500 inL of emulsion, containing either 0, 5, 10, 20 or 40 rill, of
mustard oil in distilled water, was poured into furrows in each 2 in plot. These rates were
equivalent to 0, 25, 50, 100 and 200 L of mustard oil per hectare. Cotton (cv. SiCot 70) was
sown (13 seeds/in) across the whole experiment by the grower on 19 November 2002. Plant
stand was assessed on 189 December and 7 April by counting all plants within each 10 in
plot. The severity of Fusarium wilt was assessed'in the same manner as in the first
experiment.

In both experiments the application of mustard oil had no significant effects on the stand
establishment or the incidence and severity of Fusarium wilt (Table 38, Figure 27). The
severity of Fusarium wilt was substantially less in the second experiment (Figure 27), even
though it was located immediately adjacent to the first experiment, suggesting that the

Treatment

Untreated Mustardmeal
6.6 5.1

40 30

Treatment

Untreated Mustard oil
5.2 5.7

29 21

ProbCbi!i

Not significant(p = 0,166)
Notsi rimcant =0,146)

Probability
Not significant(p = 0,324)
Notsi rimcant =0,448)
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delayed planting date for this experiment avoided cool early season conditions that may
favour infection of cotton.

Table 38. Plant establishment and severity of IRUsarium wilt of cotton after pre-planting amendment of
soil with mustard oil(20 una) into soilin a field severely infested with the EUsarium wilt pathogen at
Bo abillain2002-03

Treaiment

Untreated ProbabilitMustard oil

6.4 Not significant(p = 0,714)7.8
4.8 Not significant(p = 0,428)5.6
4.3 Not significant(p = 0,441)5.2
66.5 66.4 Not significant(p = 0,769)
22.9 Not significant(p = 0,841)22.2
15.6 Notsi rimcant = 1,000)15.0

Seedling survival is the percentage of the original plant stand, in October, that was still alive at the end of the
season

'Adult survival is the percentage of the plant stand at the end of the season with little or no disease co and I on
the 04 stern rating scale)
'1'0tal survival is the percentage of the original plant stand, in October, that survived to the end of the season
with little or no disease co and I on the 0-4 stern rating scale)

Stand 29 October (plants/in)
Stand 27 November (plants/in)
Stand 7 April(plants/in)
Aseedling survival(%)
BAdult plant survival(%)
01'0tal Survival(%)
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Figure 27. Lack of effect of increasing rates of application of mustard oil to the soil on the severity of
EUsarium wilt orcotton in animested field near Boggabi"a in 2002-03. Seedling survival is the percentage
of the original plant stand, in October, that was still alive at the end of the season. Adult survival is the
percentage of the plant stand at the end of the season with little or ino disease co and I on the 0-4 stem
rating scale). Total survival is the percentage of the original plant stand, ill October, that survived to the
end of the season with little or rino disease co and I on the 0-4 stem rating scale).

The failure of the mustard products to produce a measurable biofuntigation effect against
VerticilIium wilt and Fusarium wilt of cotton may be due to inadequate penetration of the soil,
rather than a lack of activity by the ITC released from the products. In this regard, such
products, although of a non-synthetic derivation, face the same hurdle to deployment as
conventional fumigants.
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4.2.8 Pin, ,t-pathogen-soili, ,teractio, ,s

. Transects of a field with varying soiltype suggest that some soils may be less
conducive to development ofFusarium wilt of cotton
Symptoms of black root rot on tap roots develop slowly during the first two weeks
after sowing, reach a plateau level of infection from three to five weeks and then
decline asthe tap root expands with warmer conditions
Any factor that slows cotton growth may give the impression that black root rot is
more severe if it delays the sloughing of blackened cells in the outer layers of cotton
tap roots
The peak activity of the black root rot pathogen, 71 basicol", and seedling pathogens
are mutually exclusive, providing further evidence that T basicol@ does not kill cotton
seedlings
Mycorrhizal colonisation was correlated negatively with both symptoms of black root
rot on tap roots and production of spores by T basicol@ on lateral roots
Mycornxizal fungi survived long bare fallows of 28 and 35 months in substantial
numbers in fields at Bourke

Mycorrhizal fungi survived a bare fallow of four years in substantial numbers in a
field ex Griment at the Australian Cotton Research institute

FMS@rinm wilt @ridsoi! type

In order to quantify the potential for soiltype to influence the severity of Fusarium wilt of
cotton, the incidence of vascular discolouration was assessed in two transects across part of a
cotton crop on 31 March 2003. This field was selected because i) that part of the field was
known to vary in soiltexture and colour and ii) Fusarium wilt had been observed in the field
in the 1996-97 cotton season, therefore, having had sufficienttime to spread through the field.
Fusarium wilt was relatively widespread across the two transects (13igure 28). The patch of
dying plants observed 60 in from the tail drain in 1996-97 coincided with an area of high
incidence in 2003 at approximately 300 in along the transect at 60 in from the tail drain
(Figure 28).
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The Fusarium wilt fungus is known to move easily down furrows with the flow of jingation
and the incidence of Fusarium wilt at 60 in from the tail drain tended was correlated
significantly with the incidence at 500 in further up the same furrows (r' = 0,107, P = 0,003).
However, this relationship was weak, with only 11% of the variation at 60 in from tail drain
being explained by variation at 560 in from the tail drain. incidence at 60 in from tail drain is
likely to have been influenced by lateral flow of inoculum along the tail drain butthe variable
soiltype in this field may also have been a factor. The low incidence ofFusarium wilt in the
interval between 130 and 175 in in the560-in transect (Figure 28) coincided with a visibly
obvious area of red soil, whereas the other parts of the transect passed over brown to grey
heavy clay soil. Anecdotal observations indicate that black root rot is less severe in areas of
red sandy soilin infested fields and the same may hold true for Fusarium wilt. Soil cores were
taken for future analysis.

Black rootrota"dseedli, 38dise@se

The belief that black root rot kills cotton seedlings is widely held amongst growers and
consultants, despite repeated evidence from the cotton disease surveys that there is no
relationship between stand establishment and the incidence of black root rot (Figure 4). The
reason for this lack of relationship becomes clear when observations of the tinting of
symptoms are compared. filthe experiments evaluating the effects of fungicides on cotton
seedling mortality, plant death generally increases by no more than a few percentage points
after the first assessment at 21 days after sowing (Tables 9 to 13). The pathogens causing
seedling death, namely Pythi"in and Rhizocto, lid, are active at both the pre-emergent and
post-emergent stages. in contrast, the development of symptoms of black root rot in cotton is
relatively slow. When the progress of black root rot was assessed in replicated plots in a
commercial cotton field near Wee Waa in the 2003-04 there was little sign of infection at 12
days after sowing (Figure 29). Disease increased exponentialIy thereafter, reaching a peak at
approximately 38 days.

'6
CG
Q
co

o
,-

o

y= 4.663e. 35,205e' -
12 = 0.92, P< 0,001, n = 24

8
o

9

5

'4
^,
.^

L.

co
>
co
co
^

o

'2
+"

o
o
L.

\,
Q
co

co

10 20 30

Days after sowing
Figure 29. Progress of black root rot of cotton in a coriumercial cotton field near Wee Waa in the 2003-04
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season.

in a similar study at the Australian Cotton Research institute in the 2003-04 season, the
progress of black rootrot was monitored in replicated plots by Dr Anowar Mondal. in halfthe
plots, the leaves were trimmed with scissors at each assessment to deliberately prevent plant
growth and the expansion of cotton roots. in both treatments the progress of disease was
initially exponential, with little disease occurring in the first two weeks after sowing (Figure
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30). The severity of black root rot reached a peak at aboutthree weeks after sowing. With the
onset of warmer seasonal conditions, the tap roots of plants that were nottrimmed expanded
and sloughed off the infected layers of the root conical tissue. This process was delayed in the
plants that had their leaves trimmed, as their growth was inhibited (Figure 30). This
experiment clearly demonstrated that black root rot causes a temporary infection of the root
cortex and that external influences on plant growth can determine whether ornotthe seedlings
grow out of the plateau stage of symptoms.

Since the symptoms of black root rot do not peak until around three weeks aftersowing, the
assumption that that black root rot is responsible for seedling death, most of which occurs
prior to that point in time, is illogical. The observation that the plateau stage of severe
infection by T. basicol" occurs in the interval from 21 to 35 days after sowing (Figure 30)
provides theoretical evidence in support of the observations that delayed sowing can avoid the
environmental conditions that favour black root rot and reduce its severity (see Final Report,
DAN153C), as well as seedling disease (Table 7, Figure 18).
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Blackrootrotondmycorrhizos

6
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The increase in the distribution of black root rot in the cotton CRC fanning systems
experiment at Wanen was previously described in the Final Report for DAN122C. in the
Final Report for the Cotton CRC project NSWA2.5.2 Maximising mycorrhiz@It, !fectio" in
cotton, data on mycorrhizal colonisation of cotton in the rotation treatments was presented.
However, neither of these reports presented an analysis of the relationship between
mycorrhizal colonisation and the severity of black root rot. in 1996 in the farming systems
trial at Wanen, cotton roots were well colonised by mycorrhizal fungi but colonisation
decreased when more than half the tap root was affected by black root rot (Figure 31). This
non-linear relationship probably reflects the fact that two different infection courts are being
compared, namely mycorrhizal colonisation in lateral roots and black root rot symptoms on
tap roots.
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y=70.125. I/O+1761*90642, ")
12 = 0.67, p < 0,001, n= 21

42 86 10

Black rootrot severity on tap roots
(0-10 scale)

Figure 31. Colontsation of cotton roots by arb"sc"Iar mycorrhizal fungi declined as the severity of black
root rot on the tap roots increased, especially when more than halfthe tap root was affected (>5 on 0-10
scale), in the Cotton CRC Fanning Systemrs Trial at Warren on 21November 1998.

A negative relationship (r' = 0.47) between the severity of black root rot on tap roots and
mycorrhizal colonisation of the lateral roots of cotton in a field at Goondiwindiin 1998 was
also reported previously in the Final Report for DAN122C. That report did not include a
comparison of mycorrhizal colonisation with the presence of chlainydospores of T basicol@
on the lateral roots, presented herewith (Figure 32). In this instance, the comparison is
between two different organisms in the same infection court (lateral roots) and the
relationship is linear. The implication is that colonisation by 71 basicol@ directly impedes
colonisation by mycorrhizal fungi. However, the indirect effect of black root rot on cotton
growth may also lintt the capacity of the plant to provide carbohydrate to support
mycorrhizal colonisation. in either case, the lack of mycorrhizal development in cotton plants
with severe symptoms of black root rot is likely to contribute to the delay in early season
growth caused by this disease.
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Figure 32. Colonisation orcotton roots by arb"scular mycorrhizal fungi declined as the severity orblack
root rot on the tap roots increased, especially when more than halfthe tap root was affected (>5 on 0-10
scale), in the Cotton CRC Farming Systemrs Trial at Warren on 21 November 1998.
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Mycorrhiz@s gridvery longf@nows

Mycorrhizalsymbiosis (also known as VAM)is ubiquitousin cotton. Cotton is highly
dependent on the mycorrhizalfungiforthe supply of phosphorus and zinc from the soil. The
fungi cannot grow in the soil without a living host. Repeated field experiments have
previously shown that sufficient numbers of mycorrhizal fungisurvive in the soil during bare
fallows of 18 months. With the drought experienced during this project, some cotton fields
have experienced bare fallows of two years or more and there has been concern that the
mycorrhizal fungi will not survive untilthe next crop of cotton.

To assess the status of mycorrhizal fungiin soils that had experienced very long bare fallows
during the drought, test strips of linseed and cotton (2 in long) were sown in March 2004 in
12 eight-row plots in each of two fields at BOUTke (Table 39). Mycorrhizal colonisation of
cotton roots usually peaks at around six weeks after sowing in commercial crops, at levels
around 50% or higher. Given that both fields experienced very long bare fallows, the cotton
and linseed were well colonised by mycorrhizal fungi at the time of sampling (Table 39).
Cooltemperatures were experienced from the end of April onwards, which may have slowed
the rate of spread of colonisation within the root systems. The barley in field 75 only emerged
4-5 days before sampling and was not yet colonised.

Table 39. M corrhizal(VAM) colonisation of roots of cotton and linseed after ve 10n fallows at BOLrke
Field 45/46 Field 75

Fallow length 28 months 35 months
Effective sowing date* 24 March 30March

Sampling time 420AS 360AS
Linseed VAM (%) 29 ^ 3.1 37 =b 2.5
Cotton VAM (%) 28 ^ 1.6 35 :^ 1.2

* Seed was sown in both fields on 19 March into dry soiland then inigated at the dates'indicated.

It seems likely that the very dry conditions experienced at BOUTke contributed to the
preservation of mycorrhizal fungi in these soils. Given the length of time that the mycorrhizal
fungi survived in these fields without any host plants, a substantial amount of viable fungiis
should be available to colonise the following cotton crop. A study to test the adequacy of
these surviving populations of mycorrhizal fungi was initiated. Replicated eight-row plots of
barley were sown during winter 2004, to act as 'nurse' crops forthe mycorrhizal fungiand the
effect on mycorrhizal development in the subsequent cotton crops is to be monitored during
the 2004-05 season.

An experiment to investigate the effect of prolonged bare fallows on survival of mycorrhizal
fungiin soil was initiated at the Australian Cotton Research institute in the 1997-98 season.
The experiment consisted of plots with cotton every summer (continuous cotton) or
continuous bare fallow. In the first few years the fallow plots had a substantial seed bank of
weeds but by 2000 the plots were virtually weed free. These plots have been utilised in
collaborative research at the University of Sydney, including a BSC Honours student, two
PhD students and a post doctoral fellow. To measure the effects of the continuous bare fallow
on the survival of mycorrhizal fungi a bioassay was conducted in potted soil collected on 20
April 2004, at which pointthe plots had experienced four years of weed-free bare fallow and
eight years without a crop. Soil was potted, sown with cotton (cv. SiCala V2), maintained in
the glasshouse, with watering from the base, and mycorrhizal colonisation was assessed every
seven days for eight weeks.

Colonisation of cotton roots by arbuscular mycorrhizal fungi progressed rapidly in the soil
from continuous cotton plots, reaching a plateau level of around 65%, at about 28 days after
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sowing (Figure 33). Colonisation was delayed in the soil from the bare fallow plots but
approached the plateau level of the continuous cotton plots by eight weeks after sowing. A
delay in colonisation suggests that the inoculum potential of the mycorrhizal fungi was
depleted. Since substantial colonisation did eventually develop in all pots with soil from the
bare fallow plots (Figure 33). Given the capacity for cotton to compensate for early-season
delays in growth, it is difficultto predict whether or notthe level of in00ulum surviving in the
bare fallow plots would have resulted in a yield loss. Evaluation of the survival of
mycorrhizal fungi in this experiment will be continued in subsequent seasons.

The popular belief that bare fallows of 17 to 18 months reduce mycorrhizal development in
cotton was shown previously to be nitsconceived (CRC project NSWA2.5.2 Martinising
mycorrhiz"It^fectio" in cotton). Observations in this project indicate that mycorrhizal fungi
can survive in substantial numbers for periods of up to four years bare fallow.
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Figure 33. Delayed colonisation of cotton in bioassays of the infectivity of soil connected April 2004 from
plots with either continuous cotton or four years of weed-free fallow, in a field at the Australian Cotton
Research Lustitute
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4.2.9 I"rcz sge"to disease resistance

. One of the cotton lines transfonned with defensin genes exhibited enhanced resistance
againstthe black rootrot pathogen, T basicol@, and reduced its reproductive potential.
Transformation with the defensin genes appears to have had no adverse effects on
in corntiza develo meritin the transfonned lines.

This section presents the results of a report prepared for Dr Robyn Heath, University of
Melbourne. This report is presented as an Appendix in the CRDC project MUIC Trans e"to
cottonforthe controlqfF"sari"in wilt.

Assessment of the impact of derensin genes in transgenic cotton on black root rot and
mycorrhizas

A study conducted in collaboration with the University of Melbourne as part of the CRDC
project MDIC "Transgenic cotton forthe control ofFusarium Wilt"

Dayid Nehl

NSWDeportmentqfPrim@Iyl"d"stries, Locked Bag 1000, Narr"briNSW2390
AMstralia, I Cotton Cooperative Research Centre, N@rr@briNSW2390

Introduction

Black root rot of cotton, caused by Thiel@viopsis b@siCol@, occurs in all major cotton growln
regions in Australia (NGhl at a1. 2004). The fungus produces thick~walled chiainydospores
that are very persistent in the soil. The severity of the disease increases with each crop of
cotton, irrespective of fallows and rotation with non-host crops. The disease is panderinc in
Australia (NGhl at a1. 2004) and there are no effective controls. The objective of the research
presented here was to evaluate the potential for control of black root rot by transfonnation of
cotton with defensin genes from tobacco. Given that cotton is highly dependent on symbiosis
with arbuscular mycorrhizal fungi, the potential for the defensin genes to alter mycornitzal
development was also evaluated.

68

Materials and methods

General

Seeds of three lines of transgenic cotton (cv. Coker) and one of non-transgenic cotton (cv.
Coker) were supplied by Dr Robyn Heath, University of Melbourne. The four lines of cotton
were labelled A, B, C and D before dispatch from Melbourne so that their identity remained
anonymous forthe duration of the experiments. Line A warthe untransfoimed control and the
other three lines were transfonned with a defensin gene (Hexima Ltd, Melbourne). kithe PC2
laboratory at the Australian Cotton Research Institute (ACRD, the seeds were sorted manually
to remove visibly damaged seed (which was then destroyed by autoclaving) and to remove
exceptionally small or large seeds. The seeds were sealed in zip-lock plastic bags before
transferring to the PC2 glasshouse.

Soilthat was naturally infested with Thiel@viopsis basicol@ was collected from the centre of
the bed (0-15 cm in depth)in field C4 arthe Australian Cotton Research Institute (ACRD at a
position approximately 50 in from the tail drain on 9 April 2003. The soil was passed through
a sieve (aperture 12/1un), transferred to a concrete jinxer and homogenized, and stored in open
plastic bags in the shade until use. On 10 April half of that soil was steamed for two hours
(70-80'C). Pots (polystyrene foam cups, 750 inL volume, 95 nun inside-diameter at the to ,
175 Trim high, with three drain holes punched in the base) were filled to within approximately
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2 cm of the top with unsteamed soil on 10 April, and with steamed soil on 14 April. Half of
these pots were transferred to a PC2 glasshouse at ACRl for the first experiment and half
were stored for a week before transfer to the PC2 glasshouse for the second experiment. The
temperature control of the glasshouse was set to run at 18 to 23'C on a 12 hour day/night
cycle.

Experiment I
The experiment was a 2 x4 x 2 factorial design with five replicates, as follows: steamed or
unsteamed soil x four cotton lines x two harvest dates, at 21 and 35 days after sowing (DAS).
On 15 April 2003, five seeds were sown in each pot using a seed-dibberto obtain a uniform
depth of 40 mm from the top of the pot (dibber described by Neh1, 1996, PhD thesis). The
pots were placed in plastic trays (150 nun deep) and watered by filling the tray with water
(filtered bore water from ACRl)to a depth of5-6 cm and left to soak overnightto ensure that
anthe soil was wet. The pots were subsequently watered at 3, 5, 7, 9, 16, 19, 22, 25, 28 and
31 days aftersowing (DAS), by filling the trays with water to 2 cm deep and allowing them to
soak for approximately 10 Thanutes. After each watering, the pots were transferred back to the
glasshouse bench, which allowed free drainage. Water was withheld between 9 and 16 DAS
due to cloudy weather that slowed the rate of drying of the soil. To prevent cross-
containination separate trays were used for watering the steamed and unsteamed soil. At 7
DAS the seedlings were thinned by pulling them from the soil, leaving two plantsin each pot.
Ally seedlings that subsequently emerged were also removed and the date of emergence was
recorded.

In the harvest at 21 DAS, most of the soil mass was removed from the pots and carefully
teased away from the roots, with the shoots still attached. The roots and adhering rinzosphere
soil were inserted into a sterile flat bottle, the shoots were cut from the roots at a point
equivalent to soillevel(the end point of chlorophyllin the stem) and the bottle (previously
tared) and roots were weighed to deternitne the mass of roots and soil. The bottles were
capped and transferred to the PC2 laboratory and 95 inL of sterile water agar (I g/L) was
added. The bottles were re-capped, Shaken vigorously (15 nitn) and a I inL anquot of this
suspension .was dispensed into sterile 9 cm Petri dishes (8 replicates). The concentration of
inoculum of 71 basicola in the anquot was detennined by adding 25 inL of a selective
medium, TBCEN agar (NGhl at a1. 2004). The roots in the bottle were then washed carefully
and, for each plant, the percentage length of the tap root with characteristic blackening was
estimated on a scale ofO to 10, where O = no blackening, I was >O and <=10 %, 2 was >10
and <=20%, and so on. The roots were then bunched longitudinalIy, cut at intervals of
approximately I cm, and a sub-sample of root pieces (0.3 to 0.5 g fresh weight) was
transferred to a vial and sufficient ethanol(70 %) was added to completely submerge the root
sample. The root were later cleared and stained (Koske and Gemma, 1989) and the percentage
of the roots, by length, with arbuscules and/or chiamydospores was estimated by the gridline
intersect method of Giovamietti and Mosse (1980). The shoots were weighed and dried in an
oven (70'C, 48 h) before detemiining theirdry mass.

in the harvest at 42 DAS, the plants were removed from the soil by submerging the pots
horizontally in a bucket of clean water, such that air could just enter the top of the pot, and
gently agitating untilthe soil such that it washed into the bucket with the int!ionty of the root
system kept intact by supporting it on one hand under the water. The severity of black root
rot, percentage of the roots with arbuscules and/or chiainydospores, and shoot mass were
assessed in the same manner as in the harvest at 21 DAS.



Experiment2
This was a repeat of Experiment I. The cotton was sown on 22 April 2003, and watered at 3,
9, 12, 15, 21, 24, 27, 30 and 33 days after sowing (DAS). The methods were otherwise the
same asin Experiment I. Mycornxizalcolonisation of cotton in line D and line C at 42 daysin
Experiment 2 could not be assessed due to a problem with the staining procedure, which
resulted in plusmolysis of cortical cells and uptake of the stain by these cells. This problem
did not affect assessment forthe presence of chiainydospores ofT. basicolo.
Statistical@"@Iysis

Two way analysis of variance (AOV) was conducted using the program Systat(Version 10,
Hearne Scientific) with cotton line and soiltreatment as factors. For those parameters that
were reduced to zero (i. e. no variance) in steamed soil, a one way AOV was conducted on the
data from unsteamed soil only.

Results and discussion

Cotton seedlings emerged faster in the first experiment than in the second experiment(Figure
34), probably because cool overcast weather was experienced during the first week after
sowing in Experiment 2 but notin Experiment I(Figure 35). For each cotton line, emergence
at 11 days after sowing in steamed soil was not significantly different to that in unsteamed
soil, except for Line C, which established poorly in Expertment I (Tables 40 and 41). in
steamed soilin Experiment I, emergence was greatest in Line D and the leastin the control,
Line A (Table 40). The same pattern of emergence in steamed soil was also observed in
Experiment 2 (Table 41). These differences probably reflect variation in the vigour of the
different cotton lines, as pathogens were largely absentin the steamed soil. However, line D
emerged at a faster rate than the control, especially in Experiment 2 (Figure 34).
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Figure 34. Emergence orexperimentallines(. A, . B, A C, ^. D) orcotton (cv. Coker)transformed with
defersin genes, and sown in steamed (open symbols) or uusteamed (closed symbols) potted soil, in
Experiment I(A) and Experiment 2 (B)

in both Experiments, cotton growth was increased dramatically by stealInng the soil(Tables
40 and 41; Figure 36). The stealinng process completely elmitnated 71 basicola from the soil,
as no disease was observed in steamed soilin Experiment I. LIExperiment 2, a small amount
of unsteamed soil was accidentally used to 'top-up' the height of soil in pots prior to sowing
and this containination resulted in a small amount of disease in some plants in the steamed
soil(Table 41). This containination was not substantial enough reduce the growth of cotton in
the steamed soiltreatment(Table 41, Figure 2).
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Figure 35. Temperatures in the glasshouse during Experiment I

Some differences in susceptibility to black root rot were observed among the four lines but
these differences were not consistent, especially in lines B and C. In the unsteained soilin
Experiment I, the disease index was not significantly different among the four cotton lines at
both 21 and 42 days after sowing (Table 40). At 21 days in Experiment 2, the severity of
black root rot was lower in line B than in the control(line A) but by 42 days it was higher
(Table 41).

7 14 28 35

Figure 36. Cotton in steamed (LHS) and unsteamed (MIS)soilat 35 days after sowing in Experiment 2

Line D gave the most consistent indication of enhanced resistance due to transfonnation. In
both experiments, the presence ofchlamydospores of T bosicolo on the roots at 42 DAS was
substantially lower in line D than in the control(Tables 40 and 41). This difference wasn't
reflected by a significantly lower density of inoculum in the selective-medium assay.
However, chlamydospores are important for survival of the pathogen in the field and the
selective medium may have detected less-persistent propagules, such as endospores. In
Experiment 2 at 42 DAS, line D had greater root and shoot growth and a reduced severity of
symptoms on tap roots, than in the control. It could be argued that Line D happens to have
greater vigourthan the controlbecause in the steamed soilline D's dry mass at 21 DAS was
greater than that of the controlin both experiments. However, this difference in dry mass was
not apparent at 42 DAS (Tables 40 and 41), suggesting that the lower level of disease in line
D, at 42 DAS in Experiment 2, resulted in improved seedling growth.
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ATbuscular mycorrhizal colonisation was not significantly different among the four cotton
lines, except at 42 days in Experiment 2 (Tables 40 and 41). Overall, the degree of
colonisation by arbuscular fungi was relatively low in comparison to that which occurs in the
field (NGhl at at. 1996). However, the temperatures in the glasshouse were set to favour black
root rot. The mean soiltemperature was 20'C, which was likely to have been too cool for
rapid mycorrhizalcolonisation of cotton (Sriitth and Roncadoii, 1986).

insulinnary, there is evidence that one of the lines transfonned with defensin genes exhibited
enhanced resistance against the black root rot pathogen, T. basicol@, and reduced its
reproductive potential. Furthermore, transformation with the defensin genes appears to have
no adverse effects on mycorrhiza development in the transfonned lines. Further assessment of
the potential for these genes to control black root rotis warranted, particularly in Line D.
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Table 40. Growth, mycorrhizalcolonisation and development of black root rot(calused by Thtel"viopsis basicol@) in ex erimentallines of
cotton (cv. Coker)transformed with defensin enes in steamed and unsteamed otted soil(Ex eriment I)

Steamed soil Unsteamed soil
LineA LineB LineC LineD LineA LineB LineC LineD Probabilit

110AS

Einer ence (%)

210AS

Shootfreshmass( Iant)
Shootd mass( Iant)
Rootfreshmass( Iant)
Disease sevent (0-10 scale)
T. basicol@ inoculum (cfu/ rhizos here soil
T. basico!a inoculum (cfu/ root)
T. basico!@ chlam dos ores (% rootlen th)
Arbuscular root(% rootlen th)

420AS

Shoot fresh mass ( I Iant) 2.46b 2.75a 2.47ab
Shootd mass( Iant) 0.67a 0.66a 0.55b
Rootfreshmass( Iant) 2.69ab 2.85ab 2.56b
Disease sevent (0-10 scale) o o o

T. basicola chiam dos ores (% rootlen th) o o o

Arbuscular root(% rootlen th) o o o

Values in rows followed by the same letter are not significantly different by pal
probability level. NS = riotsignificant, DAS = days aftersowing

48c

1.4ab

0.23bc

2.5ab

o

o

o

o

o

84th

1.5ab

0.24ab

2.1b

o

o

o

o

o

84ab

1.2bc

0.20cd

2.3ab

o

o

o

o

o

100a

1.6a

0.28a

2.8a

o

o

o

o

o

64bc

.

.

.

0.83de

0.17de

1.2cd

7.8

155b

709b

4

11

88ab

0,696

0,146

0.8d

7. I

361a

1337a

4

8

2.74a . 0.73d 0.82cd 0.71d 1.06c

0.64a . 0.18c 0.21c 0.09d 0.24c

3.12a . 0.65c 0.85c 0.71c 1.04c

O . 10 10 10 9

O . 22a 20a 11b 12b

O . 21 28 22 28

ise comparison of means with Fisher's LSD test at the state

40c

0.74e

0.14e

0.9cd

5.2

201ab

738b

10

96th

1.1cd

0.21bc

1.4c

8. I

109b

504b

3

8

P :^ 0.026

P I^ 0,018
P :^ 0,034
P ::^ 0,032

NS

P ::; 0,009
P 15; 0,010

NS

NS

P :^ 0,046
P is; 0,037
P :^ 0,009

NS

P :S 0,043
NS

\I
LA)



Table41. Growth, mycorrhizalcolonisationanddevelopmentofblackrootrot(caused byThtel@vto sisb@stool@) in ex er' t 11' f
cotton cv. Coker)transformed with defensin enes in steamed and unsteamed otted soil(Ex eriment 2)

Steamed soil Unsteamed soil
LineA LineB LineC LineD LineA LineB LineC LineD Probabilit

110AS

Einer ence (%)

210AS

Shoot fresh mass ( I Iant)
Shootd mass( Iant)
Rootfreshmass( Iant)
Disease sevent (0-10 scale)
T. basico!a inoculum (cfu/ rhizos here soil)
T. basicola inoculum (cfu/ root)
T. basicol@ chlarn dos ores (% rootlen th)
ATbuscular root(% rootlen th)

420AS

Shootfreshmass(/Iant) 3.1a 3.2a 3.3a 3.2a . 1.9b 2.0b 1.3c 2.1b P:!^0,019
Shootd mass(/Iant) 0.48a 0.52a 0.52a 0.51a .0.20cd 0.22bc 0.11d 0. ^9b P^01049
Rootfreshmass(Iant) 1.9ab 2.0a 1.8ab 2.2a. 1.0c 1.0c 0.7c 1.5b P^01038
Diseasesevent(0-10scale) 0.5d 0.8d 0.1d 0.8d. 6.8b 6.1b 8.5a 4/5c P^01024
T. basicol@chlamdosores(%rootlenth) 2c 4thc 3bc 2bc . 7.8a 6.1ab 5.0ab 2.2b P^0,027
Arbuscularroot(%rootlenth) 3c 2c IC 3c . 15b 20a I'D ND P=0,034
Values in rows followed by the same letter are not significantly different by pairwise comparison of means with Fisher's LSD test atth t t
probability level. NS = riotsignificant. DAS = days aftersowing, ND = not deterTinned

68th

1.45b

0.20b

1.91b

1.0d

5c

16b

o

o

80th

1.44b

0.22b

1.69bc

0.7d

35bc

109ab

o

o

80th

1.31b

0.18bc

1.46c

0.5d

49bc

133ab

o

o

92a

1.82a

0.29a

2.60a

1.9cd

47bc

1/9ab

o

o

60b

0.81cd

0.14de

0.82d

7.0a

135a

370ab

11

9

56b

74

0.72d

0.11e

0.69d

2.9bcd

88ab

348ab

6

9

68ab

0.77cd

0.14de
0.62d

4.2abc

69b

511a

11

12

64ab

0.92c

0.16cd

0.86d

5.4ab

72ab

406ab

13

16

P 15; 0,029

P :^ 0,027

P :^ 0,030
P :^ 0,044
P ^ 0,039
P :^ 0,043
P= 0,022

NS

NS

.^

^



5. CONCLUSIONS

(RESEARCHOUTCOMESVERSUSOBjECTIVES)

O^jectii, e I. To monitor the distribution and importance of diseases in cotton by
regular disease surveys and identify environmental and cultural factors
influencing the emergence or re-emergence of disease threats.

The disease surveys identified the following trends:

Seedling disease. Environmental conditions have an overriding influence on seedling disease.
Seedling mortality across NSW was relatively low during most of the 1990's but increased
draniatically in 2000, 2001 and 2002 in association with cool wet conditions early in the
season. Growers generally responded to changes in the level of seedling mortality by altering
sowing rates in the following season. The disease surveys confirmed that seedling mortality
increases with increasing latitude, with the southern regions of NSW being particularly at
risk. Seedling mortality was not correlated with the incidence of black rootrot.

Black root rot. The Australian cotton industry is currently experiencing a widespread, chronic
epidentic of black root rot. Black root rot has been observed on all of the farnis surveyed
regularly in the Macintyre, Gwydir, Namoi and Macquarie Valleys, and in 78% of fields and
39% of plants witliin those farms. Ifthe pathogen continues to increase its distribution within
these four valleys at its current rate, then approximately 95% of fields, and 90% of plants
within those fields, will be infested by 2011. The Namoi and Gwydir Valleys have been the
worst affected areas in NSW in recent years, although the disease has been spreading rapidly
in the Macintyre Valley. Black rootrot was detected in the Murrumbidgee Valley for the first
time in November 2003, as part of the surveys in this project. T. basicol@ is not distributed
evenly within fields and assays of soil do not necessarily detectthe pathogen, even when it is
located nearby in the field. Many farms do not have black rootrot and farm hygiene should be
practiced to nitnirntse further spread.

F"sari"in wilt. The Australian cotton industry is currently at the onset of a widespread,
GPidenxic of Fusarium wilt. Fusadum wilt has been reported on a total of 75 farms in NSW
and has been observed on 30% of the farms surveyed regularly across NSW. Ifthe pathogen
continues to disperse at its current rate, then approximately 90% of farms in NSW will be
affected by 2012. The Macintyre Valley has been the affected the most by Fusarium wilt,
although the disease has been spreading rapidly in the Gwydir ant! upper Namoi Valleys. The
adoption of less susceptible varieties by growers in the Macintyre Valley was reactive, closely
following the appearance of the disease on farms. in contrast, the adoption of high-F-rank
varieties across NSW is well ahead of the incidence of disease. Transects across infested
fields indicate that changing to less susceptible varieties does not always lead to an immediate
reduction in the incidence of Fusarium wilt in the following crop. Transects of an infested
field in the Macquarie Valley suggest that Fusadum wilt may progress much more quickly in
cooler cotton growing regions but the absence of crops, due to the drought, has prevented
further confirmation of this hypothesis. Fusarium wilt has not been reported on the majority
offarms in NSW, realfinning the need for ongoing diligence with farm hygiene.

Verticilli"in wilt. Verticillium wilt was controlled in the 1990s using resistant varieties and
now occurs at very low levels in most regions. The incidence of Verticillium wilt increased
recently in the Nanioi Valley, probably due to declining use of resistant varieties. Monitoring
of a severe case of Veincillium wilt established that it was not caused by a new aggressive
strain of V. dahtiae. Extension should emphasise the value of resistant varieties on an ongoing
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basis to prevent resurgence of this disease. Verticillium wilt has not been reported in some
areas and occurs at very low levels in others and, therefore, farm hygiene should be practiced
to Thiniintse further spread.

Boil rots. Cotton bon rots were observed at very low levels across NSW in the 2001-02,
2002-03 and 2003-04 seasons. Cotton bon rots can cause high losses in association with
seasonal conditions, especially heavy rainfall events from January to early March. The threat
from bon rots to the cotton industry is low due to the localised and seasonalIy specific nature
of their occurrence.

Altom@rig Ieqfspot. Altemaria leaf spot was consistently observed at low levels in virtually
all crops inspected in NSW. Altematia leaf spot currently poses little threat to upland cotton
(Gossypi"in hirs!, twin)in Australia, although Pima crops are more susceptible.

Other diseases. Cotton bunchy top was rarely observed during the course of this project and
the disease poses little threat to cotton production if such low levels persist. Bacterial blight
was not observed in any of the disease surveys, including the smallnumber of Pimacropsthat
were inspected. Sudden wilt was observed in a few isolated plants each season but poses no
threat to cotton production. There were no significant interactions between carryover of
cotton trash and any of the diseases monitored in the disease surveys.

O^leetti, e 2. To continue to develop and/or evaluate controlstrategies for Verticillium
wilt, EUsariumwilt, Alternana leafspot and seedling diseases orcotton.

A range of potential tools for control of cotton diseases were evaluated in glasshouse and field
experiments with results as follows:

Strategy
Crop residue
management

Focus

Evaluation of
vetch residue

impact on
seedling
mortality

Timing of
sowing

Tinting of
sowing

Result

Delayed
sowing date

Late incorporation of
vetch increases activity
ofRhizocto"i@ and

pythi"in causing
greater seedling death

Tinting of
sowing after
pre-irrigation

Fungicides

Sowing late within the
planting window can
avoid conditions

favooring seedling
disease

Seedling mortality
decreased with

increasing delay after
sowing

Increased

understanding of
factors contributing to
severity of seedling
disease

Increased

understanding of
effect of soil

temperanrre and water
content on seedling
disease

Seedling pathogens Increased

shown to vary in understanding of
dormnance from field factors contributing to
to field and year to year seventy of seedling

disease

Science

Vetch residues can be
used to create a

disease nursery for
research

Fungicides

Seed treatment

prior to sowing

Implications
Industry

Seed treatment

prior to sowing

Crop residues should be
managed to avoid
enhancement of seedling
disease in cotton

New fungicide
combinations rarely
perfonned better than
the standard treatment

Newmanagementtool
for seedling disease

Better decision-making
fortiintng of sowing
after pre-irrigation to
avoid conditions

favourable to seedling
disease

Realisation that

fungicides are only
effective iftheir target
pathogen is exerting
disease pressure

Confirmation that

fungicides vary in
capacity to control
seedling pathogens

Importance offungicidal
seed treatment

emphasised



Ob'ective 2. continued.

Strategy
Fungicides

Fungicides

Focus

Seed treatment

prior to sowing

Fungicides

Seed treatment

with DynastyTM

Result

New fungicide
combinations rarely
perfonned better than
the standard treatment

Dynasty" pertonned
as wellas the standard

fungicides

Fungicides

Seed treatment

with non-

fungicidal
products

Fungicides

In-funow

application for
seedling disease

Science

Confirmation that

fungicides vary in
capacity to control
seedling pathogens
Confirmation of

effectiveness of

components of
Dynasty'M in seedling
disease control

Confirmation that

acibenzolar-S-methyl
does riot activate

resistance against
seedling pathogens
Confirmation that

pressure from different
species of seedling
pathogens is variable
Fungicides hanomyl,
triadimenol and

toCIOfos methylnot
effective against
Fusarium wilt

Nori-fungicidal
products did not control
seedling disease

Cover crops

In-furrow

application for
Fusarium wilt

Implications

No effecton seedling
disease

Systentic
acquired
resistance

(SAR)

Industry

Shoulder wheat

Importance of
fungicidalseed
treatment

emphasised
Independent
evaluation of
effectiveness of
D TMDynasty

No effect on Fusarium
wilt

SAR

Development of
seed treatment
methods

Waniiersoil

temperatures and
increased growth of
cotton seedlings

SAR

Better decision-

making regarding
trial use of non-

fungicidalproducts

ASMfor

Fusarium wilt

Appropriate rate for
00ibenzolar-S-methyl
(Bion') developed

SAR

Benefit of in-furrow

fungicides depends
activity of target
pathogens
Confirmation of

existing assertion
that funow

fungicides do not
controlFusarium
wilt

Potential tool for

coping with cold
early season
conditions in cool

production areas
New toolfor

application of
acibenzolar-S-

methyl to cotton
seed

New toolfor control
ofFusarium wilt of
cotton

Indication that cover

crops have potential to
modify environmental
conditions that favour

soilbome pathogens
No phytotoxic effects
by acibenzolar-S-
methylincorporated in
seed coating

FDliar

application of
salicylic acid
and BrotomaxTM
Seed iteatinent

with plant
hormones

Vetch, mustard
and canola for

Fusarium wilt

Biofumigation

Severity ofFusarium
wilt consistently
decreased. No effect on
Veincillium wilt.
Occasional decrease in

seedling mortality.
Salicylic acid and
Brotomax" ineffective
against Fusarium wilt
and Veincillium wilt

No effect on Fusarium
wilt

Biofumigation

Pathogen-specific SAR
response that persists
with dilution through
time and in glowing
tissues

Mustard meal

and mustard oil

Severity ofFusarium
wiltincreased

substantially

Confirmation that SAR
not activated

No effect on Fusarium Active compounds not
wilt or Veincillium wilt released in sufficient

quantity or not able to
penetrate soil

Confirmation that SAR
not activated

Fusarium wiltpathogen Avoid using green-
multiplies rapidly on manure cropsin
high-Ncropresidues areasaffectedby

Fusarium will

Coinmercial claims

questionable

Cornmercial claims

questionable

Coriumercialclaims

questionable



O^Iectti, e 3. To initiate investigations of host-pathogen interactions involved in
soilborne diseases of cotton and identify features that might be exploited
for disease control.

A range of potential plant-soil-fungal interactions were evaluated in glasshouse and field
studies with results as follows:

Strategy
Identify
suppressive
soiltypes

Identify timing
of conditions

favouring
disease

Focus

Transects of a
field infested
with the

Fusarium wilt

pathogen
Monitor disease

progress in
black rootrot in
the field

Result

Mycorrhizas
and disease

Some areas free of

the disease despite
long presence of
the pathogen in the
field

Peak periods of
activity of black
rootrot and

seedling pathogens
are mutually
exclusive.

Survival of

mycorrhizal
fungi

Comparison of
black rootrot

and mycorrhizal
colonisation

Science

Understanding offactors
affecting disease
severity

Defensin genes
for disease
resistance

Extended bare
follows

Implications

Mycorrhizal
colonisation
decreased in
association with
blackrootrot

78

Delayed sowing can
nitniintse period of
exposure to peak in
black root rot. Seedling
disease should not be
confused with blackroot
rot

Linear negative Decreased mycorrhizal
relationship between colonisation is a

colonisation offme roots symptom of the disease
by T. basicol" and
mycorrhizal fungi
identified

Mycorrhizalfungihave
evolved to cope with
climatic vagaries of the
Australian landscape,
including drought-
induced fallows

Defensin genes have
potential to control T
basico!a with no adverse

effect on mycorrhizal
colonisation of cotton

Importance of timing in
assessing disease
emphasised.

Industry
Identification of soil

types with greatest risk,
leading to targeted
control measures

Evaluation of

transgenic lines
from University
of Melbourne

Substantial
numbers of

mycorrhizal fungi
surviving up to 35
months bare, dry
fallow

Enhanced

resistance against
I: basico!@ and
reduced

reproductive
potential

O^Iectti, e 4. Facilitate delivery and deployment of cotton disease management
strategies.

Aspects of the management strategy and the results of the research in the project have been
conrrnunicated by way of presentations and scientific and extension publications, including:
the guidelines for integrated disease management; magazine articles and infomiation sheets
(8); presentations at conferences (9), industry and research meetings (31), and grower
meetings and field days (15); media releases (7) and media interviews (6); lectures to the
cotton production course (18 hours). Modifications to the existing disease management
strategy for seeding disease, black root rot and Fusarium wilt have been devised and are
presented in Section 8, below.

Mycorrhizalfungi
generally survive in
adequate numbers.
Colluiiercial claims for

replacement with
fertiliser questionable
Potential tool for

breeding resistant cotton
varieties



6. COTTONR&D CORPORATIONOl. ITFU'I'S

The research conducted in this project has contributed to the Corporation's econontic,
environmental and social outputs by modifying the integrated disease management (inM)
strategy for seedling disease, black root rot and Fusarium wilt to provide more effective
options for control of these diseases. The IDM strategy aims to increase the profitability and
sustainability of cotton production, using methods that have a low impact on the environment,
which will have positive flow-on benefits to rural communities. Specifically, this project has
contributed to:

Ongoing, widespread adoption of measures to Tmninxise the further spread of soil borne
diseases, including black root rot, by allparticipants in cotton production and research.
increased awareness of ineffective control measures for soilbome pathogens, such in-
furrow fungicides for Fusarium wilt
increased awareness of the potential for bioftiintgation crops to worsen Fusarium wilt.
Increased awareness by growers and consultants of the need to avoid environmental
conditions that favour seedling disease and black root rot by delaying sowing and pre-
Ginpting temperatures on arising trend
independent confinnation of the pertonnance of Dynasty" seed treatment, which has a
safer userprofile and less environmental impactthan fonnulations containing PCNB
Development of method for application of acibenzolar-S-methyl with standard seed
coatings
Further confinnation of the potential for seed treatment with acibenzolar-S-methylto
induce resistance against Fusarium wilt
Decision by Syngenta Crop Protection to proceed with registration of acibenzolar-S-
methylfor seed treatment of cotton in Australia
Continued use of resistant varieties to maintain low incidence ofVerticillium wilt.

Confimnation that mycornitzal fungi at BOUTke had survived extended bare fallows,
leading to savings in the application of phosphorus fertilisers, as proposed by commercial
suppliers

.

.

.

.



7. PROJECT SUMMARY

The disease surveys have indicated that seedling disease, black root rot and Fusarium wilt
continue to threaten the productivity of cotton production in NSW and Queensland. No single
control measure gives adequate protection against either black root rot or Fusarium wilt and
seedling disease is severe in the cool production areas of NSW. hamtegrated disease
management approach is required and, therefore, a range of potential tools for control of
cotton diseases were evaluated in glasshouse and field experiments. Key findings include:

Disease surveys

Seedling mortality
. Seedling mortality was greatest with cool wet conditions early in the season, reflecting

the majorimpactof seedling disease (caused byRhizocto, Ita andPythi"in)
. In NSW, seedling mortality wasrelatively low during most of the 1990's but increased

dramatically in 2000, 2001 and 2002
. The risk of seedling disease increases with increasing latitude, with the southern

regions ofNSW being particularly prone
. Growers tend to respond to changes in the level of seedling mortality by altering

sowing rates in the following season
. Seedling mortality is notincreased by black rootrot

Blackrootrot

. The Australian cotton production industry is currently experiencing a widespread,
chronic GPidentic of black rootrot

. Black root rot has been observed on all of the farms surveyed regularly in the
Macintyre, Gwydir, Namoi and Macquade Valleys, and in 78% of fields and 39% of
plants within those farms

. If the pathogen continues to increase its distribution within these four valleys at its
current rate, then approximately 95% of fields, and 90% of plants within those fields,
will be infested by 2011

. The Namoi and Gwydir Valleys have been the worst affected areasin NSW in recent
years, although the disease has been spreading rapidly in the Macintyre Valley

. Black root rot was detected in the Mu^ribidgee Valley for the first time in
November 2003, as part of the surveysin this project

. 7: basicol@ is not distributed evenly within fields and assays of soil do not necessarily
detectthe pathogen, even when it is located nearby in the field

. Many farms do not have black root rot and farm hygiene should be practiced to
rinninxise further spread

Fwsari"in wilt

. The Australian cotton industry is currently experiencing a widespread, chronic
GPiderrxic ofFusarium wilt

. Fusarium wilt has been reported on a total of 75 farmsin NSW

. Fusarium wilt has been observed on 30% of the farms surveyed regularly across NSW

. If the pathogen continues to disperse at its current rate, then approximately 90% of
farms in NSW will be affected by 2012

. The annual disease surveys need to assess congruenttransects within each season to
enable comparisons between the incidence of early-season and late-season diseases
and/orsymptoms
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The Macintyre Valley has been the affected the most by Fusarium wilt, although the
disease has been spreading rapidly in the Gwydir'and upper NamoiValleys
The adoption of less susceptible varieties by growers in the Macintyre Valley closely
followed the incidence of the disease among farms

. in NSW the adoption of high~F-rank varieties is well ahead of the incidence of disease

. Transects across infested fields indicate that changing to less susceptible varieties does
not always lead to animmediate reduction in the incidence of Fusarium wilt in the
following crop
Transects of an infested field in the Macquarie Valley suggest that Fusarium wilt may
progress much more quickly in cooler cotton growing regions but the absence of
crops, due to the drought, has prevented further confinnation of this hypothesis
Fusarium wilt has not been reported on the majority of farms in NSW and farm
hygiene should be practiced diligently to Intrtiinise further spread

Verticilli"in wilt

. Verticillium wilt was controlled in the 1990's using resistant varieties

. inmostregions Verticillium wilt occurs at very low levels

. The incidence of Verticillium wiltincreased recently in the Namoi Valley, probably
due to declining use of resistant varieties

. Monitoring of a severe case ofVerticillium wilt established that it was not caused by a
new aggressive strain of 14 dahliae

. Extension needs to emphasise the value of resistant varieties on an ongoing basis to
preventresurgence of this disease

. Veincillium wilt has not been reported in some areas and occurs at very low levels in
others

. Farm hygiene should be practiced to Thiniintse further spread ofVerticillium wilt

Boilrots

. Cotton ballrots were observed at very low levels across NSW in the 2001-02, 2002-
03 and2003-04 seasons

. Cotton bon rots can cause high losses in association with seasonal conditions,
especially heavy rainfall events butsuch losses are localised and non-repeating

Altom@rig Ieqfspot
. internaria leaf spot was consistently observed at low levels in virtually all crops

inspected in NSW
. Altemaria leaf spot currently poses no threatto upland cotton (Gossypi"in hirs"twin) in

Australia, although Pima crops are more susceptible.

Other diseases

. Cotton bunchy top was rarely observed during the course of this project and the
disease poses little threatto cotton production, while ever such low levels persist

. Bacterial blight was not observed in any of the disease surveys, including the small
number of Pimacropsthat were inspected

. Sudden wilt was observed in a few isolated plants each season but poses no threatto
cotton production

. There were no significantinteractions between carryover of cotton trash and any of th
diseases monitored in the disease surveys

Controlmeasures

Seedling disease nurseries

.
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Late incorporation of woolly pod vetch has been used successfully to increase the
severity of seedling disease in cotton for experimental purposes
The technique's effectiveness may depend on having adequate soil moisture to enable
colonisation of the vetch residues by seedling pathogens priorto sowing cotton

Timing of sowing
. Delaying the date of sowing as late as possible within the planting window can avoid

conditions that favour seedling disease
. Sowing should be timed to coincide with the onset of periods of weather that will

result in a mean soiltemperature of 16'C during the first week from sowing
. Sowing should be delayed after pre-irrigation until soil water contentis at the lower

end of the range that is adequate for seedling establishment in any particular soil

Fungicides gridotherprod"ctsforcontrolqfseedli, 18 disease
. Seed treattnent experiments showed that seedling pathogens, such as Rhizocto, ,i@ and

Pythi"in, vary in dontinance from field to field and year to year.
. A few fungicide combinations gave slightly greater protection than the standard

fungicides in some years but not others.
. The fungicide Dynasty consistently performed as wellasthe standard fungicides
. The non-fungicidalproducts, including acibenzolar-S-methyl, were not effective

Cereal cover crops
. Experiments with cereal cover crops in this project confinned previous observations

of their potential to increase early-season growth of cotton
. Cotton growth was correlated positively with dry matter production in the cereal cover

crop

. To avoid problems with establishment of cotton, cover crops need careful placement
on the shoulders of the bed, in well prepared beds, with the cotton planting line
remaining clear

. The potential for cover crops to reduce the severity of black root rot will require trials
to be conducted in locations with sufficiently even distribution of the pathogen

Systemic acquired resistance
. A practical method for application of acibenzolar-S-methylto cotton seed was

developed, using 6 ing/kg seed, which was equivalent to the rate in previous,
successful experiments using seed soaking

. Application of acibenzolar-S-methylto cotton seed in combination with standard seed
treatment fungicides was shown to have no phytotoxic effects on gemitnation of
cotton seed and subsequentseedling growth

. Seed treatment with acibenzolar-S-methyl consistently activated resistance against
Fusarium wilt of cotton, although the effects were not major when disease severity
was moderately low

. ACibenzolar-S-methylincreased seedling establishment in one experiment in a field
infested with the Fusarium wilt pathogen but notin other experiments.

. ACibenzolar-S-methyl did not activate resistance against Verticillium wilt of cotton

. The potential for an extended, active 'shelf life' of acibenzolar-S-methyl, when
applied to seed in combination with the standard fungicides, was demonstrated

. Foliar application of Brotomax" and salicylic acid was ineffective against Fusarium
wilt and Verticillium wilt of cotton

. Seed treatment with plant hormones was ineffective against EUsarium wilt of cotton

Infurrowf"rigicides



. in-furrow application of several fungicides did not control seedling disease

. The benefitto growers from using in-furrow fungicides that are registered for control
of seedling disease will depend upon the relative disease pressure exerted by their
target pathogens in any given year or field
hi-fiirrow application of the fungicides benomyl, triadimenol and toCIOfos methyl was
ineffective in controlling Fusarium wilt

Biqji, intg@tion
. A long-tenn trial of biofunitgation with vetch and canola at a site with a low level of

71 basicol@ in the soil was coriumenced at the Australian Cotton Research institute

. in trial at Hillston, common vetch (Vicia sativa) appears not to have biofunitgation
potential for black root rot although cold winter conditions may have prevented
sufficient growth

. Vetch, mustard and canola were increased the severity of Fusarium wilt in trials at
Boggabilla and should not be used as biofunxigation crops on farms with Fusarium
wilt

. Mustard meal and mustard oil were not effective as biofiinxigation agents against
Verticillium wilt or Fusarium wilt

Interactions

Plant-pathogen-soilinter@ctio"s
. Transects of a field with varying soiltype suggest that some soils may be less

conducive to development ofFusarium wilt of cotton
. Symptoms of black root rot on tap roots develop slowly during the first two weeks

after sowing, reach a plateau level of infection from three to five weeks and then
decline as the tap root expands with warnier conditions

. Ally factor that slows cotton growth may give the impression that black root rotis
more severe if it delays the sloughing of blackened cells in the outer layers of cotton
tap roots

. The peak activity of the black root rot pathogen, T. basicol@, and seedling pathogens
are mutually exclusive, providing further evidence that T basicol@ does not kill cotton
seedlings

. Mycornxizal colonisation was correlated negatively with both symptoms of black root
rot on tap rQots and production of spores by T basicol@ on lateral roots

. Mycorrhizal fungi survived long bare fallows of 28 and 35 months in substantial
numbers in fields at Bourke

. Mycorrhizal fungi survived a bare fallow of four years in substantial numbers in a
field experiment at the Australian Cotton Research institute

Transgenicdise@se resistance
. One of the cotton lines transfonned with defensin genes exhibited enhanced resistance

againstthe black rootrot pathogen, T basicol", and reduced its reproductive potential.
. Transfonnation with the defensin genes appears to have had no adverse effects on

mycornitza development in the transfonned lines.

7.1 Technical advances

A practical method for application of acibenzolar-S-methyl to cotton seed was developed,
using 6 ing/kg seed, which was equivalent to the rate in previous, successful experiments
using seed soaking.
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7.2 Other developments

7.3 Changes to intellectual property register
A design concept for a trash-retaining drop box (conrrnercial in confidence) box has been
subnxitted separately to the CRDC for commercial evaluation.

The project has contributed to the development of application methods fortreatment of cotton
seed with acibenzolar-S-methyl and has demonstrated the potential for such treatment to
provide a degree of control of Fusarium wilt in the field. ACibenzolar-S-methylis wholl
owned by Syngenta Crop Protection under patent. However, changes to the intellectual
property register may be required.
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8. FURTltIERDEVELOPMENT

8.1 Technological

The design concept for a trash retaining drop box (commercial in confidence) will require
engineering development and testing in the field.

ACibenzolar-S-methyl requires further evaluation to deternitne the rates and application
methods that will optinitse its potential for activation of resistance in cotton against black root
rot.

8.2 Outcome deployment

It is anticipated that revised disease management guidelines, incorporating results from
CanC projects DAN153C, DAN154C, DAN176C and DAN177C, will be prepared and
endorsed for release at the Australian Cotton Conference in August 2006.

Revisions to the existing management strategy for seedling disease, black root rot and
Fusarium wilt, previously published in the CRDC guidelines, Integrated Disease
Management in 2002, have been fonnulated to include recommendations (highlighted in bold
font) arising from the research conducted in this project and CRDC projects DAN122C and
DAN153C, as follows.

Controlsi, 'ategyforseedlt"gdise"se
PLANNING

. Use avariety with good seedling vigour

. Useeffectiveseed treatment fungicides
GROUNDPREPARATTON

. Plantinto wellprepared, high, finn beds

. Carefully position fertiliser in the bed - not under the plantline!
PRE-PLANTn. IG

. Plantinto moisture rather than planting dry and watering-up
ATP^NTNG

. Plant as late as possible, within the planting window, to rimnimise the chances of exposure to cool
wet conditions that favourdisease

. After pre-irrigation, delay planting untm soilwatercontentis at the lower end of the ranger, eeded
for stand establishment

. Time planting to coincide with soiltemperatiires >15C in the first week

. Be careful with the use of herbicides at planting
ROTATIONS

. Incorporate rotation crop residues as soon as possible after harvest(especially legume crop residues)

. Incorporate green-manure and biofu, wigation crops at leastfour weeks before sowing cotton
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Controlstr@tegyforbl@ckrootrot

PLANNING

. Choose varieties that have the capacity to 'catch up'later in the season, including genetically modified
varieties that have high fruit retention
Pending it's registration for use on cotton against black root rot, treat all seed sown with Boost'
(a. i. acibenzolar-S-methyl)
Design or modify irrigation reticulation systemrs to return water from infested fields directly to
the storage used for their supply or installsettling ponds before on-flow to other fields.

GROUNDPREPARATION



Good bed preparation to optimise stand establishment and seedling vigour
Pre-irrigate in preference to 'watering up'

EARLYSEASON

Plant aslate as possible, within the planting window, to minimtise the period of peaks in toms
If choosing to sow early, sow when temperatures are warm and rising (a soiltemperature of 16'C is
OK, 20'C is better), temperature measurements should be taken in the fields where black root rot

Replanting decisions should be made on the basis of stand losses, northe size of the seedlin s.
Watch for early onset of water stress (i. e. because the root system is weak) and inigate accordingly, but
avoid waterlogging.

LATESEASON

.

.

.

occurs.

.

.

A1^BRIIARVESTANDATALLT^IES

Practice good farm hygiene. Farmcleanse (used at 10%) is effective against 71 basico!@ and is a useful
aid to decontantinate vehicles after mud is removed adhere to the principal of: COME CLEAN, Go
CLEAN

Minintise the exit of floating residues, of all crops, in tail water in affected fields e . trash-
retaining drop boxes (refer to intellectual property register)

ROTATION

Rotate with non-host crops (eg. cereals, canola) for up to three seasons, if possible (for fidds that
were on a 1:1cotton:wheat rotation, consider 3:3 cotton:wheat)

. If droughtis forcing fallows of two seasons or more, allocate the longest periods of fallow to
heavily infested fields
Biofunxigation with woolly pod vetch or mustard between consecutive cotton cro s or after a wheat
fallow. The success of biofumigation depends upon the growth of the biofumigation cro and o0d
incorporation (at least four weeks before cotton).
Avoid rotation with legumes, including pigeon pea, excepting woolly pod vetch, and control
alternative weed hosts, especially bell vine, wild gooseberry, Damr@ spp. native rosella, velvet leaf
and phasey bean.

. Flooding of fields for 30 days daring sunnner reduces the population of T. basico!a dramaticall . This
option will be Iintited by the topography offields and the availability of water.

Controlstr@tegyfor Fz, sari, ,in wilt

PL^{NING

. If your farm is free from this disease, try to keep it that way! - See 'Farm Hygiene" 'Come clean-Go
clean'

Use the most resistant cotton varieties available, especially ifFov occurs in your district
Pending it's registration for use on cotton against black root rot, treat all seed sown with Boost'
(a. i. acibenzolar-S-methyl)

. Ensure that seed is treated (eg. Dynasty" or Quintozene' and Apron')
PLANTING

. Plant to avoid unnecessary stress to gennination and early growth eg. not in cold conditions.

INCROP

. Controlweedsduringand betweencrops

. Avoid mechanical interrow cultivations if possible during the crop (eg. use shielded sprayer to control
weeds)

Manage the crop to avoid stresses such as waterlogging, over-fertilisation, root damage
Maintain farm hygiene and awareness of incoming traffic through the season
Conduct regular inspections to allow early detection of any suspicious looking plants. If any are found,
send immediately to QDPl for analysis. Educate farm workers what to look for and encourage re ortin
IfFov is confirmed, rogue and burn for small patches

Anticipate delayed growth and later maturity and manage the crop accordingly (black root rot 'steals'
time from the crop).

.

.

.

.

.
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Solarisation may also be an appropriate treatment for small affected patches detected early in the

Isolate affected areas from irrigation flows and traffic to avoid spreading the fungus. Minimise tail-
water from affected fields.

season.

LATESEASON

. Ensure that harvesting machinery is clean
If Fov has been confirmed on your farm notify all relevant parties so that measures can be taken to
avoid spreading the fungus to other fields on your property and to other regions

AFTERHARVEST

. After harvest, retain crop residues on the surface for as long as possible before incorporation

ROTATIONS

.

Selection and management of rotation crops is important as the pathogen is able to survive in
association with the residues of non host crops.

. Do not use green manure crops or biofuintgation (e. g. vetch, mustard, canola) in areas where
F"sarium wilt occurs

. Summer flooding, where possible, has been shown to be effective but does not eradicate the pathogen.

8.3 Future research

The annual disease surveys and observational studies of the incidence of Fusatium wilt should
be continued. The impact of and seedling disease and black root rotin the new cotton areas in
southern NSW should be monitored. Disease surveysshould identify environmental and cultural
factors influencing the emergence orre-emergence of disease threats.

Research should focus on continued development and evaluation of control strategies for
seedling disease, black root rot and Fusarium wilt, including seed treatment fungicides,
systenxic acquired resistance, rotation crops, biofunitgation crops, cover crops and delayed
sowing. Host-pathogen-soilinteractions (including herbicides) contributing to the severity of
black root rot of cotton should be investigated, with the aim of identifying features that nitght
be exploited for disease control. The use of varieties with disease resistance, where available,
and the Twiniintsation of the spread of soilbome pathogens has been beneficial, and should
remain a high priority for the industry. Long-term field experiments on the role of black root
rot, mycorrhizal fungi(VAM) and other soil organisms in the soil ecosystem (soil 'health')
should be continued.

.
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10. LIKELY IMPACT OF RESEARCH OUTCOMES(COST-
BENEFIT)

Seedling disease presents a threatto cotton production in the cool production areas of NSW,
including the hachian and Munumbidgee Valleys and, to a lesser extent, the Macquarie and
upper Nanioi Valleys. inadequate control of seedling disease may be viewed as an
impediment to expansion of cotton production in the Mumumbidgee Valley, where existing
jingators are considering cotton as an alternative crop to rice. The adoption of measures to
decrease the impact of seedling disease on cotton production in these areas will enable
continued productivity, profitability and sustainability of the industry.

Black root rot continues to threaten cotton production across NSW. Its ongoing dispersal into
the Lachlan and Mumumbidgee Valleys is of particular concern, as the cool conditions
experienced in these areas are likely to favour rapid development of disease. The
implementation of on-farm containment procedures, such as trash retention on fields, will
help prevent further spread of this pathogen within and between farms.

Fusatium wiltis a majorthreatto cotton production in Australia. The adoption of measures to
control and constrain Fusarium wilt will be invaluable to both prevent disease progress and
enable breeders and researchers to build upon-the existing controlstrategy for Fusadum wilt.
Pending its registration, use of acibenzolar-S-methyl(Bion') as a seed treatment should assist
in slowing disease progress and subsequent dispersal of the pathogen. Heightened awareness
of the potential for further spread of Fusarium wilt has contributed to the successful
deployment of the "come clean, go clean" strategy across NSW.

The disease surveys have highlighted the changing status of cotton diseases over time and
provide valuable insights into the factors affecting disease incidence and severity. This
infonnation enables i) research initiatives to be prioritised and ii) the deployment of research
outcomes from this project, and other projects, to be deployed as integrated disease
management.
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