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Abstract 
 
Puccinia melanocephala is the causal agent of brown rust in sugarcane. Brown rust can 
result in over 50% yield loss. The most reliable and eco-friendly way of combating rust is 
through development and use of resistant varieties. A rapid screening method in the form 
of a detached leaf assay (DLA) is required to speed up the varietal selection process. 
Media compositions were formulated in 1% agar using water and 10 mg/L of kinetin, 
benzylaminopurine (BAP) and benzimidazole as the base of the media. Lactic acid, 
benomyl and pentachloronitrobenzene (PCNB) were also used to make up varying media 
combinations. Leaves of varieties N12, N29 and N39 exposed to P. melanocephala 
spores were cut and sandwiched between media inside square plates. The leaves were 
dark-acclimatised at 25°C before incubation in a growth room at 25°C and 18 h 
photoperiod. Analysis of the effects of rust on the leaves was conducted using a 
chlorophyll fluorescence meter at a light intensity of 3000 µmol m2/s and by visual 
observation of lesion and spore formation. The Performance Index (PIABS) showed water 
was a better medium for maintaining photosynthetic activity and that the resistant variety 
N12 had the best ∆PIABS when exposed to spores after the fifth day as compared to the 
susceptible and intermediate varieties N29 and N39. Sporulation was observed on the 
12th day on N29 maintained on Kinetin. The leaves on water, BAP and benzimidazole 
agar sporulated after 13-14 days. These results show that with refinements, a DLA could 
be reliably used to rapidly diagnose resistance to rust in sugarcane. 
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Introduction 
 
Brown rust of sugarcane is caused by the basidiomycete Puccinia melanocephela H. & P. 
Sydow (Hoy and Hollier, 2009). Brown rust presents as reddish-brown pustules that erupt 
on the abaxial side of sugarcane leaves (Dixon, 2010; Bailey, 2004). The earliest 
symptoms are small, elongated yellowish spots that are visible on both leaf surfaces 
(Purdy et al., 1983). The spots increase in length, become red-brown in colour, mature 
and sporulate within 10-14 days. Lesions typically range from 2-10 mm in length, but 
occasionally reach 30 mm (Raid and Comstock, 2000). 
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Rust is an economically important disease that results in severe reductions in yield, with 
losses as much as 40-50% having been experienced in susceptible varieties (Bailey, 
2004). In recent years, a resurgence in the incidence of brown rust has been observed, 
with the variety N29 registering losses of up to 26% (McFarlane et al., 2006). 
 
The most effective and economically feasible method of long term control of rust is 
through the use of resistant cultivars and cultivar diversification (Asnaghi et al., 2004; 
Bailey, 2004). Breeding programmes now incorporate a rust screening step to mitigate the 
effects of rust. Natural infection has been the primary means of assessing rust resistance 
in sugarcane cultivars. This method is, however, not always efficient as it is dependent on 
environmental conditions (Sood et al., 2009). A more reliable and robust screening 
method is consequently required to effectively select resistant genotypes.  
 
An in vitro method using detached leaf assays has been formulated, and has shown 
potential to overcome the current limitations associated with resistance screening. This 
makes it a potentially better method of screening for disease resistance, as it is cost 
effective, space saving and a faster method of conducting screening tests on large sample 
sizes (Jackson et al., 2008). This method also has the advantage of having control over 
environmental conditions which have been a common source of errors in past analyses 
(Purdy et al., 1983). 

 
Materials and Methods 

 
Three varieties (N12 (resistant), N29 (susceptible) and N39 (intermediate)) were selected 
from a rust challenged environment and the leaves from the middle section of the top 
visible dewlap (TVD) cut into 6 cm pieces. The mid rib was removed and the leaf 
cuttings rinsed in sterile water. 
 
A 1% agar media was prepared based on combinations of plant growth regulators 
(Kinetin (10 mg/L); BAP (10 mg/L); benzimidazole (10 mg/L)), two fungicides (benomyl 
(0.05%) and PCNB (0.33 g/L)) and lactic acid (3 ml/L). The 16 combinations used in this 
experiment are outlined below. 
 
Treatment 1 water and PCNB 
Treatment 2 water, benomyl and PCNB 
Treatment 3 water, lactic acid and PCNB 
Treatment 4 water, lactic acid, benomyl and PCNB 
Treatment 5 BAP and PCNB 
Treatment 6 BAP, benomyl and PCNB 
Treatment 7 BAP, lactic acid and PCNB 
Treatment 8 BAP, lactic acid, benomyl and PCNB 
Treatment 9 kinetin and PCNB 
Treatment 10 kinetin, benomyl and PCNB 
Treatment 11 kinetin, lactic acid and PCNB 
Treatment 12 kinetin, lactic acid, benomyl and PCNB 
Treatment 13 Benzimidazoleand PCNB 
Treatment 14 Benzimidazole,benomyl and PCNB 
Treatment 15 Benzimidazole, lactic acid and PCNB 
Treatment 16 Benzimidazole, lactic acid, benomyl and PCNB. 
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The media was autoclaved, set in square plates and cut into slabs to make a sandwich. 
The sugarcane leaf ends were embedded within the agar slabs, adaxial sides exposed. The 
agar amending solution was added in between the agar layers. Four leaf cuttings were 
used in each plate (Jackson et al., 2008). 
 
Two chlorophyll a fluorescence measurements were taken from each dark-acclimatised 
leaf cutting using a Hansatech Handy Pea fluorescence meter at a light intensity of 
3000 µmol m2/s. The leaves were then embedded into their respective agar treatments, 
incubated overnight in the dark at 25°C, and then transferred to an 18-hour photoperiod 
growth room. Chlorophyll a fluorescence measurements were carried out every 24 hours 
for five days, and then every two days thereafter until the ninth day. The leaves were 
constantly monitored visually to observe any visual rust symptoms (lesions and 
sporulation) and to monitor how long they maintained their colour. 
 
The chlorophyll fluorescence data was processed using the JIP test (Strasser et al., 2000), 
which lead to the calculation of the Performance Index (PIABS), which is regarded as a 
reliable indicator of electron transport efficiency and photosynthetic capacity during 
stress (Strauss et al., 2007). ∆PIABS was calculated using the formula: 
 

∆PIABS = PIABS (day 0) - PIABS (day x). 
 
 

Results and Discussion 
 

Treatment 1 (water and PCNB) was the best media combination in maintaining leaf 
pigmentation and rust development. Lesion formation began after the first week, whereas 
sporulation was observed on the 12th day of incubation in N29. The leaves, however, 
tended to dry out from the middle section and spread towards the ends within the third 
week. Benzimidazole treatments were the best in retaining leaf pigmentation, but 
inhibited maximal presentation of rust symptoms, possibly due to its fungicidal 
properties. 
 
All the treatments induced declines in ∆PIABS in the initial three days, after which values 
stabilised and remained relatively constant until day nine. This was thought to be as a 
result of the leaves being detached, entering and then acclimatising to foreign 
environments. The ∆PIABS of the leaves was further reduced when components besides 
water were added to media. This trend confirmed the visual observations where treatment 
1 had the best overall response in terms of pigment retention and symptom development. 
 
Variety N29 had the largest negative ∆PIABS due to it developing lesions and spores. Rust 
is known to reduce the photosynthetic activity of sugarcane and this was confirmed by the 
lower ∆PIABS shown in N29 as compared to N12 and N39 (Rolfe and Scholes, 2010). N12 
had the least change in PIABS, and this was attributed to the leaves being asymptomatic, 
with consequently better photosynthetic activity. 
 
Further trials will determine whether chlorophyll a fluorescence measurements can be 
used in a diagnostic way. Tubes have also been acquired in an attempt to develop a 
method in which handling and contamination of test material is reduced. 
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