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BUREAU OF SUGAR EXPERIMENT STATIONS 

PROGRESS REPORT 

STUDIES INTO RACES OF SUGARCANE RUST 

ABSTRACT  

A technique was developed for testing for physiological races of sugarcane 
rust. A range of cultivars were inoculated with a single spore isolate of 
Puccinia melanocephala by discharging 3 mg of urediospores into a spore 
settling tower by compressed air at 200 kPa pressure for one second with a 
settling time of ten minutes. A range of reaction types were obtained 
using this method. These reaction types were similar to reactions on 
naturally infected field grown plants. Components of stable resistance 
such as generation time, uredia number per mm2  and uredia diameter were 
also evaluated. The more resistant cultivars had fewer uredia per mm2  
compared to the susceptible cultivars. No difference was recorded in 
generation times and size of uredia. The age of the leaf inoculated 
(between 24 and 75 days) did not have any apparent effect on host reaction 
type, generation time, uredia number and uredia size. 

INTRODUCTION  

Sugarcane rust caused by P. melanocephala was first detected in Queensland 
in late 1978 (Ryan and Egan, 1979). Several cultivars, such as CP44-101, 
Q87 and QI10, which were initially regarded as being resistant to this 
disease now exhibit moderate levels of infection, suggesting the development 
of physiological races which have overcome the resistance of these cultivars. 
Reports from Florida, USA, have also shown that several resistant cultivars 
such as CP63-588 and CP79-1580 now exhibit moderate levels of infection (Dean 
and Purdy, 1984). In fact Dean and Purdy have evidence for the existence of 
at least two races of rust. 

The situation with CP44-101, Q110 and particularly Q87 is serious as they 
are important cultivars in the campaign to control Fiji disease in the 
Bundaberg district. Sugarcane cultivars take 12 to 15 years to develop and 
their commercial life could be seriously shortened by the appearance of a 
virulent race. If new races of the pathogen develop within a relatively 
short time it will be essential to adopt different plant breeding strategies 
to control rust. 

Race specific resistance, or vertical resistance (Van der Plank, 1968), to 
Puccinia sp. is typically specified by a single gene in the host resulting 
in a hypersensitive reaction to incompatible races. This type of resistance 
can be overcome by a single-gene change in the pathogen resulting in a new 
compatible physiological race. 

There is a tendency to overlook other more stable, but incomplete components 
of plant disease resistance against a background of such race-specific 
resistance. Non-race specific or horizontal resistance (Van der Plank, 1968) 
can provide long lasting or durable resistance. 



The most likely components of stable resistance are those which slow the 
rate of epiphytotic development, by prolonging the incubation period before 
sporulation or by reducing spore production per uredia. 

Studies in India have shown the existence of six physiological races of 
sugarcane rust (P. erian.thi - P. melanocephala) (Srinivasan and Muthaiyan, 
1965; Muthaiyan, Srinivasan & Singh, 1966) based on host reaction types. 

This report details the development of methods for obtaining and testing 
single spore isolates, and methods for determining whether physiological 
races of the rust pathogen are present in Queensland. 

MATERIALS AND METHODS  

Single spore cultures  

Urediospores were collected from the variety Q111 at Bundaberg Sugar 
Experiment Station in March 1984 using a cyclone spore collector (C.J.R. Pty 
Ltd Toowoomba). 

To obtain single spore cultures, leaves of the variety Co475 were inoculated 
with urediospores in a spore settling tower (plastic garbage bin, 0.5 m 
diameter, capacity of 56 L). This cultivar has been shown to exhibit a 
uniform susceptible reaction towards a range of rust isolates (Srinivasan & 
Muthaiyan, 1965). Single-eye cuttings of Co475 were grown in 8 cm plastic 
pots filled with sterilised red volcanic/sandy river loam mixture and 
fertilised with three to four month N-P-K formulation of Osmocote R  (Sierra 
Chemical Europe, Nederlands). The plants were maintained in the glasshouse 
under terylene cages to prevent contamination by rust. 

The first fully expanded leaves were detached, fixed abaxial side up to 
perspex plates with rubber bands, and then placed horizontally under the spore 
settling tower. Leaves were inoculated by compressed air injection (one 
second at 200 kPa) of urediospores through a.5 mm diameter glass tube with 
a 2 mm opening, into the top of the tower. Exposure time was ten minutes. 
The inoculated leaves were misted with deionised distilled water and 
placed in a humidity chamber for 24 hours, in the dark at 25°C. Following 
this incubation period individual leaves were placed in a 200 x 25 mm glass 
tube containing 2.5 mL modified Hoaglands nutrient solution (Appendix I) 
and 2.5 mL 60 ppm benzimidazole, and maintained in a growth cabinet at 25°C 
and 12 hour photo period. (6700 to 7100 Lux) each day. 

By regulating inoculum density and excising leaf segments with individual 
uredia, cultures considered to be derived from a single infecting urediospore 
were established. Urediospores recovered from a single uredia were 
reinoculated to obtain sufficient inoculum for testing and storage. Isolate 
number PMB84002 was used in subsequent testing. 

R - registered trade mark 



Calibration of s ore settling tower  

A spore settling tower provides a method of inoculation where an even 
deposition of urediospores can be achieved on the surface of leaves (Brown 
and Kochman, 1973). To assess the deposition of urediospores relative to 
the weight of inoculum, 2.8, 3.0, 3.1, 3.2, 5.9, 10.0, 11.7 and 14.0 mg 
of urediospores were each discharged into the spore settling tower by 
compressed air at 200 kPa pressure for one second with a settling time of 
ten minutes. The deposition of the urediospores was assessed using 2% 
water agar slides placed in a horizontal position at the bottom of the 
tower (Schein, 1962). Five slides were used at each inoculation and 
twenty field of views for 2.8, 3.0, 3.1 and 3.2 and ten field of views for 
5.9, 10.0, 11.7 and 14.0 mg on each slide were assessed under the micro-
scope for the number and distribution of urediospores. 

According to Tuite (1969) for each disease there is a minimum level of 
inoculum required to establish infection and for disease development to 
occur. High inoculum densities of urediospores can inhibit spore 
germination (Yarwood, 1956); decrease uredia size and alter host reaction 
(Davison and Vaughan, 1964); decrease generation time between inoculation 
and eruption of first uredia and decrease infection (Tuite, 1969). To 
examine the effect of urediospore density on germination, 3.2, 10.0 and 
14.0 mg of urediospores, stored for seven days at 5°C, were discharged 
separately into the spore settling tower. Per cent germination was assessed 
on five agar slides for each treatment. Ten fields of view on each slide 
were assessed under the microscope. 

The effect of urediospore density on generation time, uredia number and 
host reaction type was examined by discharging separately 3.0, 5.9 and 11.7 
mg of urediospores into the spore settling tower. The urediospores used 
in this experiment had been stored for up to 21 days at 5°C. Three leaves 
of each of Co475, Q111, QI10, CP43-33, Co419, Co421 and Co603 were inoculated 
using the detached leaf technique as described previously. The deposition 
of the urediospores was assessed on agar slides as described previously. 
The age of the leaves inoculated with 11.7, 5.9 and 3.0 mg of urediospores 
were 28, 41 and 46 days respectively. 

Testing for physiological races  

Single spore isolates were used to inoculate a set of standard cultivars 
selected on the basis of susceptibility, apparent shifts of resistance in 
Queensland and reported differential responses in studies overseas (Taylor, 
unpublished data; Srinivasan and Muthaiyan, 1965). The standard cultivars 
selected were, B4362, Co419, Co421, Co475, Co527, Co603, CP29-116, CP43-33, 
CP44-101, H49-5, N55-805, Q87, Q90, Q110 and Q111. 

Plants of these cultivars were grown in 8 cm plastic pots filled with 
sterilised red volcanic/sandy river loam mixture and fertilised with three 
to four month N-P-K formulation of Osmocote. The plants were maintained in 
the glasshouse under terylene cages to prevent contamination by rust. 

The first fully expanded leaves from three plants of each cultivar were 
detached, fixed abaxial side up to the perspex plates with rubber bands and 
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then placed horizontally under the spore settling tower. Leaves were 
inoculated by compressed air injection (one second at 200 kPa) of 
approximately 3 mg of urediospores through a 5 mm diameter glass tube with 
a 2 mm opening, into the top of the tower. Exposure time was ten minutes.  

Six trials were carried out on separate days with the age of the leaves 
inoculated increasing with each trial. The urediospores had been stored 
at 5°C for up to 21 days before inoculation. 

Urediospore distribution on the leaf surface and germination were 
determined at each inoculation. The results were obtained by counting 
uredisopore germination on agar coated glass slides exposed simultaneously 
with the leaves in the spore settling tower. The number of germinated 
urediospores per mm2  was then calculated as follows: 

Per cent germination x Density of urediospores per mm2  

100 

The inoculated leaves were maintained as previously described. 

The host reactions were assessed 10 to 12 days after inoculation. Components 
of stable resistance were also assessed by noting rust generation time, 
uredia size and number. Mean uredia size for each cultivar was determined 
by measuring the length of 20 uredia and uredia number was determined by 
ten counts per leaf of the number of uredia per mm2  of leaf tissue. Three 
leaves of each cultivar were used in each trial. 

RESULTS  

Calibration of spore settling tower  

TABLE I 

Distribution and germination of varying weights 
of urediospores inoculated on to agar slides 

by means of a spore settling tower 

Weight of 	Number of 
	

Per cent 
urediospores urediospores germination+ 

(mg) 	 per mm2  
(Mean)* 
	

(Mean)* 

LSD 5% 
	

0.91 
	

8.0 

* Mean of 5 replicates at each inoculation 
Urediospores were from the same batch, stored for seven days at 5°C 

** Means followed by a common letter are not significantly different (p = 0.05) 
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Between 2.8 and 3.2 mg of urediospores there was no significant difference 
(p = 0.05) in the density of urediospores. As the weight of inoculum 
increased there was a significant linear increase in the density of uredio-
spores (Table II). There appeared to be a significant increase in per 
cent germination of urediospores as the weight of inoculum increased, and 
again this increase in germination was linear although only 46% of the 
variation in'germination could be at.tributed to the weight of the uredio-
spores. 

TABLE. II 

Relationship between weight of urediospores and density 
of urediospores; and weight of urediospores 

and per cent germination 

Variable 
	

b0 	b1 	SE 

Density of urediospores 	0.94 	0.38 0.68 0.70 794.47**1  
2 

Per cent germination 	0.46 42.75 1.35 7.01 	11.06*.*- 

1)0 and b1 = regression coefficients for equation of the form y = b0 • bix 

where 	• weight of urediospores (mg) 
SE = standard error of estimate 
• variance ratio for regression 

Significance values 	1  (p = 0.05) = 4.08, (p = 0.01) = 7.31 
2  (p = 0.05) = 4.67, (p'= 0.01) = 9.07 

TABLE III 

Effect of inoculum weight on generation time, 
uredia number and host reaction type 

Cultivar Generation time (days) 
weight of urediospores 

(mg) 

Uredia number/mm2  
weight of urediospores 

(mg) 

Host reaction typet 
weight of urediospores 

(mg) 

3.0 5.9 11.7 3.0 5.9 11.7 3.0 5.9 11.7 

Co475 4 4 4 0.8 1.3 2.6 .5 5 5 
Q111 5 5 4 0.5 1.5 2.5 4 3 5 
Q110 8 8 8 0.1 1.2 1.9 3 3 3 
CP43-33 8 8 7 0.1 0.4 1.0 3 3 3 
Co419 -*, - - - - 2 2 2 
Co421 - - - - - - 1 1 2 
Co603 NT 5 4 NT 1.6 2.3 NT 6 4 



Host reaction type based on the reaction types determined for 
physiological races below. 

Uredia did not develop on Co421 and Co419 

NT - Not tested 

The deposition of urediospores at 3.0 mg of inoculum was 2.40 per mm2; 
5.9 mg - 4.14 per mm2; and 11.7 mg - 8.52 pet mm2. 

The deposition of urediospores and consequently the number of uredia 
increased proportionally to the weight of inoculum discharged into the 
spore settling tower. Generation time appeared to be quicker at the 
higher inoculum weight of 11.7 mg for Q111, CP43-33 and Co603. Host 
reaction type remained similar at all inoculum weights, however, reaction 
type for Co421 and Co603 altered from one to two and six to four respectively 
at the higher inoculum weight of 11.7 mg. 

The shorter generation times and altered host reaction types may have been 
influenced by the age of the leaves inoculated. Leaves inoculated with 
11.7 mg of urediospores were only 28 days old compared to 41 and 46 days 
old for the inoculations with 5.9 and 3.0 mg respectively. 

Physiological races  

Reaction types were determined, based on the standard cultivars infected 
and a key was designed as follows : 

0 - no visible reaction 
1 - chlorotic flecks or chlorotic flecks with necrotic centres 
2 - small to large, red to brown lesions that may coalesce. Uredia not 

present. 
3 - small to large, red to brown lesions that may coalesce. Some 

lesions producing uredia. 
4 - Uredia produced on chlorotic or necrotic tissue, with or without 

chlorotic halos. 
5 - Uredia produced on green tissue. 
6 - Mesotheric - mixed reaction of 3 to 5. 
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Cultivar Co421 infected by Puccinia melanocephala, 
isolate PMB84002. Host reaction type 1. 

Cultivar QIII infected by Puccinia melanocephala, 
isolate PMB84002. Host reaction type 4. 

Cultivar Co419 infected by Puccinia melanocephala, 
isolate PMB84002. Host reaction type 2. 

Cultivar CP43-33 infected by Puccinia melanocephala, 
isolate. PMB84002. Host reaction type 3. 

Cultivar Co475 infected by Puccinia melanocephala, 
isolate PMB84002. Host reaction type 5. 



TABLE IV 

Reaction types of standard cultivars on leaves 
of varying ages inoculated with 

P. melanocephala, isolate PMB84002 

Cultivar Leaf Age 

24 38 55 73 74 .75 

Co475 5 5 5 5 5 5 
H49-5 4 4 4 4 4 4 
B4362 NT NT 4 4 NT NT 
Q90 4 4 4 4 NT NT 
Q111 NT NT 4 4 NT NT 
N55-805 NT NT 4 4 NT NT 
Co527 NT NT 4 3 NT NT 
CP44-101 NT NT 4 3 NT NT 
Q87 3 3 3 3 NT NT 
Q110 3 3 3 3 3 3 
CP43-33 3 3 3 3 3 3 
CP29-116 NT NT 3 3 NT NT 
Co419 NT 2 2 2 2 2 
Co421 1 1 1 1 1 I 
Co603 6 6 6 6 6 NT 

NT - Not tested 

Photographs one to five illustrate the different reaction types:. Reaction 
types of each cultivar were similar for each leaf age inoculated. 

TABLE V 

Germination and distribution of urediospores 
on leaves of varying ages inoculated with 

P. melanocephala, isolate PMB84002 

Leaf Age 

24 	38 	55 	73 	74 	75 

Weight of 
inoculum mg 

Density of 
urediospores per 
mm2 (1) 

	

3.0 	3.2 	3.2 	3.2 	3.1 	3.0 

	

2.95 	1.79 	2.76 	2.95 	2.09 	2.55 

Per cent 
germination (II) 47.6 	53.8 	77.1 	50.0 	50.0 	50.0 

Germinated 
urediospores per 
mm2  (I x II) 
	

1.40 	0.96 	2.13 	1.48 	1.05 	1.28 

100 



At approximately 3.0 mg of inoculum the mean density of urediospores per 
mm2  was 2.5 with a standard deviation of 0.5. The variation in germination 
of urediospores for each trial was probably due to the variation in the 
length of time of storage of the urediospores prior to inoculation. 
Schein (1962) reported a sharp decline in germination rates of bean rust 
urediospores during storage at 5°C for three to four months. Therefore, 
the high germination rate at 55 days may have been due to a relatively 
short storage time of the urediospores at 5°C. Consequently, the trial 
at 55 days had a high germination rate and a high density of urediospores 
also had a high density of germinated urediospores per mm2  

TABLE VI 

Number of days from inoculation to first uredia 
formation (generation time) for standard 

cultivars on leaves of varying ages 
inoculated with P. melanocephala, 

isolate PMB84002 

Cultivar Leaf Age 

24 38 55 73 74 75 

Co475 7 8 5 7 7 6 
H49-5 8 7 6 6 7 6 
B4362 NT NT 5 6 NT NT 
Q90 8 8 5 5 NT NT 
Q111 NT NT 6 7 NT NT 
N55-805 NT NT 6 7 NT. NT 
Co527 NT NT 6 8 NT NT 
Q87 8 9 7 8 NT NT 
CP44-101 NT NT 8 8 NT NT 
Q110 8 8 7 8 8 8 
CP43-33 9 8 7 8 8 7 
CP29-116 NT NT 9 8 NT NT 
Co419 NT - - 
Co421 - - - - - 
Co603 7 8 5 7 7 NT 

The generation time for each cultivar appeared to be consistent for each 
leaf age inoculated with the exception at 55 days which generally showed 
shorter generation times. There did not appear to be a correlation between 
the host reaction type (Table IV) and generation time. The trial at 55 
days showed the greatest variation in generation time between cultivars. 
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TABLE VII 

Uredia number per mm2  of leaf,: tissue for standard cultivars 
on leaves of varying age inoculated with 

P. melanocephala, isolate PMB84002 

Cultivar Leaf Age 

24 38 55 73 74 75 

Co475 1.1 ± 0.2 0.9 ± 0.3 1.3 ± 0.2 0.5 ± 0.2 0.9 ± 0.1 1.1 ± 0.3 
H49-5 0.8 ± 0.2 0.7 ± 0.3 1.3 ± 0.3 0.7 ± 0.2 0.6 ± 0.2 0.4 ± 0.1 
B4362 NT NT 1.2 ± 0.4 1.2 ± 0.3 NT NT 
Q90 0.9 ± 0.5 0.9 ± 0.3 1.0 ± 0.4 1.0 ± 0.2 NT NT 
Q111 NT NT 1.0 ± 0.3 0.7 ± 0.3 NT NT 
N55-805 NT. NT 1.2 ± 0.4 0.8 ± 0.3 NT NT 
Co527 NT NT 1.0 ± 0.2 0.2.± 0.3 NT NT 
CP44-101 NT NT 0.8 ± 0.4 0.1 ± 0.1 NT NT 
Q87 0.5 ± 0.2 0.3 ± 0.2 0.6 ± 0.4 0.4 ± 0.3 NT NT 
Q110 0.5 ± 0.4 0.3 ± 0.2 0.5 ± 0.1 0.1 ± 0.2 0.1 ± 0.1 0.1 ± 0.1 
CP43-33 0.3 ± 0.3 0.5 ± 0.2 0.4 ±0.3 0.1 ± 0.1 0.4 ± 0.4 0.2 ± 0.1 
CP29-I16 NT. NT 0.3 ± 0.2 0.1 ±.0.1 NT NT 
Co419 NT - - - - - 
Co421 - - - - 
Co603 1.0 ± 0.3 0.5 ± 0.3 1.4 ± 0.8 0.8 ± 0.3 0.5 ± 0.2 NT 

There appeared to be a correlation between host reaction type (Table IV) 
and uredia number. 

Within each leaf age inoculated the cultivars that showed resistant host 
reaction type three i.e. CP29-116, CP43-33, Q110 and Q87 had fewer uredia 
per mm2  than the cultivars with susceptible host reaction four and five 
i.e. Co475, H49-5, B4362, Q90, Q111 and N55-805. 
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TABLE VIII 

Uredia length (mm) for standard cultivars on leaves of varying ages 
inoculated with P. melanocephala, isolate PMB84002 

Cultivar Length (mm 

Leaf Age 

24 38 55 73 74 75 

Co475 0.62 ± 0.17 *0.62 ± 0.15 0.52 ± 0.14 0.52 ± 0.12 0.53 ± 0.15 0.52 ± 0.14 
1149-5 0.55 ± 0.16 0.54 ± 0.17 0.36 + 0.11 0.45 ± 0.18 0.46 ± 0.12 0.46 ± 0.12 
B4362 NT NT 0.34 ± 	0.11 0.37.± 0.14 NT NT 
Q90 0.51 ± 0.17 *0.52 ± 0.11 0.49 ± 0.14 0.46 ± 0.14 NT NT 
Q111 NT NT 0.38 ± 0.12 0.54 ± 0.19 NT NT 
N55-805 NT NT 0.36 ± 0.10 0.45 ± 0.15 NT NT 
Co527 NT NT 0.48 ± 0.20 0.39 ± 0.15 NT NT 
CP44-101 NT NT 0.24 ± 0.12 0.33 ± 0.15 NT NT 
Q87 0.49 ± 0.10 0.35 ± 0.13 0.24 ± 0.12 0.38 . 	0.15 NT NT 
Q110 0.46 ± 0.20 0.38 ± 0.08 0.37 ± 0.10 0.39 ± 0.12 0.36 ± 0.14 0.24 ± 0.08 
CP43-33 0.25 ± 	0.11 0.37 ± 0.12 0.24 ± 0.07 0.35 ± 	0.11 0.33 ± 	0.11 0.35 ± 0.10 
CP29-116 NT NT 0.22 ± 0.08 0.25 ± 0.07 NT NT 
Co419 NT - - - - 
Co421 - - - - 
Co603 0.52 ± 0.16 *0.53 ± 0.12 0.31 ± 0.09 0.37 ± 0.09 0.46 ± 0.22 NT 

Mean of 60 lengths 

There was no apparent difference in uredia size between the cultivars and 
between each leaf age inoculated, thus there was no correlation between 
host reaction types and uredia size. 

DISCUSSION  

Inoculating leaves using the spore settling tower produced an even 
distribution and accurately reproduced the required density of urediospores 
on the leaf surface. The use of approximately 3 mg of urediospores 
resulted in the formation of an optimum number of uredia without any 
germination interaction between urediospores. The larger weight (14.0 mg) 
of urediospores resulted in an increase in germination, however this may 
have been due to experimental error and needs to be. repeated. 

A range of reaction types were obtained with the detached leaf technique. 
These reaction types correlated with field observations for the same 
varieties grown under natural infection pressure (Appendix II). Leaf 
age did not influence host reaction type at inoculations of 3 mg of uredio-
spores. 
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There was no correlation between generation time, uredia size and host 
reaction type, however, the number of uredia per mm2  of leaf tissue 
appeared to correlate with host reaction type. The cultivars that showed 
a resistant host reaction type had fewer uredia per mm2. Uredia number is 
a component of stable resistance, therefore, the correlation between host 
reaction type and uredia number may be of importance in breeding for rust 
resistant cultivars. 

There was no difference in host reaction type, generation time, uredia 
number and size between each leaf age inoculated, therefore, leaf age 
between 24 and 75 days does not appear to affect host pathogen interaction. 

FUTURE WORK  

To assess the effect of inoculum weight and thus urediospore density on 
germination, generation time and host reaction type, replicated trials 
with weights below and above.. the optimum level of 3 mg will be conducted. 
The weight of urediospores to be discharged into the spore settling tower 
will be 1, 2, 3, 6 and 10 mg. Both agar Slides and the cultivars Co475 
and Q110 will be inoculated. Leaves will be the same age at inoculation. 

The number of differential cultivars used to assess physiological races 
will be restricted to Co419, Co421, Co475, Co603, CP43-33, CP44-10I, H49-5, 
Q87, Q90, Q110 and 67N1352. The impOrtant criteria for selection of 
differential cultivars were (1) that there was an even representation of 
reaction types to rust from susceptibility to resistance, and (2) cultivars 
that had shown a shift in field reaction to rust such as CP44-101, Q110 
and Q87 (Taylor and Ryan, unpublished data). Cultivar 67N1352 has shOwn 
a dramatic shift in its resistance to rust in the last two years. .It was 
initially regarded as resistant but now exhibits moderate levels of 
infection (Hogarth, pers. comm.). 

From Tables VII and VIII mean uredia number, and size can be calculated 
from the six trials for the selected cultivars. 

Cultivar Reaction Mean uredia Mean uredia 	Mean 
type 	no..per mm2 	length 	generation 

(mm) 	time (days) 

Co475 
H49-5 
Q90 
CP44-101 
Q87 
Q110 
CP43-33 
Co419 
Co421 
Co603 

5 1.0 ± 0.3 0.56 ± 0.05 7 
4 0.8 ± 0.3 0.47 ± 0.07 7 
4 1.0 ± 0.1 0.50 ± 0.03 7 
3/4 0.5 ± 0.5 0.29 ± 0.06 8 
3 0.5 ± 0.1 0.37 ± 0.10 8 
3 0.3 ± 0.2 0.37 ± 0.07 8 
3 0.3 ± 	0.1 0.32 ± 0.06 8 
2 - - - 
1 - - - 
6 0.8 ± 0.4 0.44 ± 0.10 7 
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Plants used to determine physiological races will have to be of the same 
age at testing and grown under constant environmental conditions so that 
the physiology of the plants remain the same at each inoculation. Age of 
the plants or different photoperiods (length of daylight) could affect 
the resistance or susceptibility of the plants, especially when assessing 
components of stable resistance. 

With the establishment of a set of differential cultivars, collections of 
urediospores from all major sugar growing areas of Australia can be made 
and tested. Single spore isolates will be inoculated onto the differentials 
and comparisons of host reaction types will be made to assess for races of 
rust. Single spore isolates will also be made from urediospores collected 
from the Bundaberg district in January 1982. These urediospores were 
stored at —22°C. Preliminary tests have shown the urediospores to be 
viable with a 35 per cent germination rate. 

Comparisons between detached and attached leaves will also be made. Host 
reaction types have been compared on the same cultivars under natural 
infection, however uredia size, uredia number and generation times will be 
compared between detached leaves and unattached leaves inoculated 
simultaneously with the same isolates. 

All single spore isolates will be maintained in liquid nitrogen for future 
reference. 

Samples of urediospore extracts from overseas will also be collected so that 
isozyme patterns of Queensland isolates.can be compared with overseas 
isolates using gel electrophoresis. 
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APPENDIX I 

MODIFIED HOAGLAND SOLUTION  

Major elements  

1 M stock solutions of each element are made with dionised water. 

kH2PO4 	131.1 g/L 
kNO3 	 101.1 g/L 
Ca(NO3)24H20 	236.2 g/L 
MgSO4.7H20 	246.5 g/L 

Iron solution  

Chelate of iron is diluted to obtain a five per cent w/v solution. 200 mL 
of this solution is dissolved in 1 L distilled water to make a one per 
cent solution. 

Micronutrients  

Microelements are dissolved together in deionised water to make a stock 
solution. 

H3B03 	 2.50 g/L 
ZnSO4.7H20 	0.50 g/L 
CuSO4.5H20 	0.05 g/L 
Mo03 	 0.05 g/L 
MnSO4.4H20 	0.50 g/L 

Preparation of Nutrient Solution from Stock Solution. 

The following are added individually to 500 mL deionised water with 
stirring, 

k1121304 
kNO3 
Ca (NO3)2 

then made to 

1 	ml, 
5 ml. 
5 mL 

1 L to obtain full-strength. 

MgSO4 
Iron 
Micro-

nutrients 

2 mL 
1 ml, 

1 	ml, 
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APPENDIX II 

Level of rust infection for a set of standard cultivars grown under natural 
infection pressure. 

Six two-eye setts of each cultivar were planted in February 1984 on 
Bundaberg Sugar Experiment Station in red volcanic soil. The level of 
rust infection was assessed in August 1984 by rating the plants on a 0 to 
100 scale with 100 being susceptible and 0 being resistant. 

Cultivar Reaction Field 
type 	rating 

Co603 	6 	50 
Co475 	5 	90 
B4362 	4 	85 
H49-5 	4 	70 
N55-805 	4 	75 
Q90 	 4 	70 
011 	4 	70 
Co527 	3/4 	60 
CP44-101 	3/4 	35 
CP29-116 	3 	10 
CP43-33 	3 	20 
Q87 	 3 	35 
Q110 	 3 	15 
Co419 	2 	0 
Co421 	1 	0 


