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Summary   Evaluation of plant pathogens for their 
relative ability to produce severe disease is required 
for development of a mycoherbicide to control al-
ligator weed (Alternanthera philoxeroides (Mart.) 
Griseb.) in Australia. A bioassay developed to assess 
potential candidates revealed differences in the ability 
of isolates to produce lesions on the excised leaves and 
stems of alligator weed. This technique was unable, 
however, to evaluate the role of phytotoxin production 
between isolates, therefore a new bioassay is being 
developed.

Keywords    Alligator weed,  Alternanthera phi-
loxeroides,  Nimbya,  biological control,  mycoherbi-
cide.

INTRODUCTION
Alligator weed is a major weed of riparian ecosys-
tems throughout the world and a ‘Weed of National 
Significance’ in Australia (Thorp and Lynch 2000), 
with the core infestation spreading from the southern 
Sydney basin, north to Bulahdelah. Other popula-
tions resisting eradication are found on the Far North 
Coast, North Coast, South-West Slopes and Riverina 
regions of New South Wales. With outbreaks also in 
Queensland and Victoria, the potential range of this 
weed is far from realised. 

Biological control of alligator weed is a preferable 
alternative to chemical control in the urban landscape 
and near potable water with the role of inundative 
plant disease (mycoherbicide) as a control method 
now under investigation.

Surveys of the New South Wales alligator weed 
populations have revealed low to high incidence of a 
number of potentially damaging pathogens and their 
diseases worthy of further investigation as mycoher-
bicides (Gilbert and Auld 2005). Fungal pathogens 
isolated from the diseased tissue have been identified 
and their evaluation as potential agents is underway.

Of particular interest are the many isolates of the 
fungal pathogens Nimbya spp. (anamorph Ascomy-
cota, Dothidiales) causing disease of varying severity 
in most of the sampled alligator weed populations 
(Gilbert et al. 2005).

Although Nimbya alternantherae (Holcomb & 
Antonopoulos) EG Simmons & Alcorn has been 
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reported on alligator weed from Brazil, China and the 
USA, where it has been suggested as a possible candi-
date for inundative biological control, the Australian 
isolates differ from this species in their morphology 
and from each other, in their relative pathogenicity 
(Gilbert et al. 2005).

Selection of the most suitable isolate from the 
collection of more than 100 Nimbya spp. isolates is 
required for further mycoherbicide development. A 
bioassay using excised leaves and stems of alligator 
weed was devised to assess the relative pathogenicity 
of the Australian isolates.

MATERIALS AND METHODS
The experimental design was limited to the incorpora-
tion of seven Nimbya spp. isolates in each of the two 
experiments reported here. Isolate details are presented 
in Table 1. A common treatment (T1) found to exhibit 
severe pathogenicity in previous tests was used in both 
experiments as a positive control.

Conidia suspensions containing approximately 3 
× 103 conidia mL-1 and one drop per litre of Tween 20 
surfactant were prepared in sterile distilled water for 
each Nimbya spp. isolate.

Alligator weed leaves and stems were harvested 
from glasshouse grown plants, washed several times 
in sterile distilled water then blotted dry before in-
oculation. Stem pieces were cut to contain one whole 
internode with a node attached at each end.

Five leaves and five stems were immersed in a 
conidia suspension, then placed one per sterile plastic 
Petri dish on a bed of filter paper pre-wetted with 
3 mL of sterile distilled water.

Inoculated plates were stacked in five blocks and 
the stacks placed on a laboratory bench by a north-
facing window.

Disease severity and progression were monitored 
three, five, eight and ten days after inoculation using the 
number of discrete lesions produced and a rating system 
to track the yellowing and death of the host tissue.

Linear mixed models using restricted maximum 
likelihood (REML) were used to analyse the lesion 
data with the statistical package ASReml (Gilmour 
et al. 2002). The model included a fixed effect for 
treatment and a random effect for block.
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RESULTS AND DISCUSSION
Incipient lesions were visible to the naked eye after 
three days on leaves and five days on stems. The lesions 
coalesced over time thus reducing the total count. Le-
sion data collected eight days after inoculation proved 
to be the most robust for analysis and is presented here 
for isolate comparisons (Table 2 and 3).

Clear differences were apparent between some 
isolates in their ability to infect leaves and stems of 
alligator weed. In Experiment 1 (Table 2), leaf treat-
ments three, five and one produced significantly more 
lesions than the type culture of N. alternantherae 
(Treatment 2) and the lesser joy weed (Alternanthera 
denticulata R.Br.) isolate from Orange, New South 
Wales (Treatment 7). The latter was discovered some 
200 km from the nearest alligator weed and is most 
likely a new encounter of a native strain of the fungus 
in this experiment.

Lesions on stems were slower to develop and had 
a lower incidence than on leaves. Treatment five in 
Experiment 1 (Table 2) exhibited a marked reduction 
in ability to infect stems compared to its aggressiveness 
on leaves whereas treatment one in both experiments 
has a tendency to be aggressive on both. Aggressive 
stem infection is a superior isolate attribute for selec-
tion as a mycoherbicide.

Experiment 2 (Table 3) exhibited fewer lesions 
than Experiment 1. The superior treatment one with 
around half the leaf lesions compared to the same 
treatment in Experiment 1 (Table 2) still developed a 
complete necrosis (data not shown).

Although, under the experimental conditions, 
the water control leaves remained green for at 
least 15 days and the stems for up to 50 days after 

Table 1.   Sources of Nimbya spp. isolates tested in Experiments 1 and 2.

Experiment Treatment code Host Isolation Location

1 and 2 1 Alligator weed Leaf Nepean River,Yarramundi, New South Wales

1 2 Alligator weed Leaf Louisiana, USAA

1 3 Alligator weed Leaf Moorebank, New South Wales

1 4 Alligator weed Leaf Raymond Terrace, New South Wales

1 5 Alligator weed Leaf Fullerton Cove, New South Wales

1 6 Alligator weed Stem Ironbark Creek, Wallsend, New South Wales

1 7 Lesser joy weed Leaf Nashdale via Orange, New South Wales

2 2 Alligator weed Leaf Georges River, Glenfield, New South Wales

2 3 Lesser joy weed Leaf Hawkesbury River, Richmond, New South Wales

2 4 Alligator weed Leaf Woodbury, New South Wales

2 5 Alligator weed Leaf Maryland, New South Wales

2 6 Alligator weed Leaf Winding Creek, Cardiff, New South Wales

2 7 Alligator weed Leaf Jewels, New South Wales
A Type culture of Alternaria alternantherae = Nimbya alternantherae.

Table 2.   Experiment 1. Number of lesions eight days 
after inoculation.

Leaf Stem

Isolate code Fitted mean Isolate code Fitted mean

3 68.0 eA 4 16.4 d

5 52.6 d 3 15.6 d

1 50.0 d 1 15.4 cd

4 39.2 cd 6 14.4 cd

6 30.8 bc 7 10.4 bcd

2 26.2 bc 2 9.4 bc

7 17.0 b 5 8.0 b

Water control 0.0 a Water control 0.0 a
A Means followed by the same letter in a column are not 
significantly different (P <0.005).

Table 3.   Experiment 2. Number of lesions eight days 
after inoculation.

Leaf Stem

Isolate code Fitted mean Isolate code Fitted mean

1 29.4 eA 1 13.0 b

6 7.6 d 3 2.0 a

7 6.6 d 5 1.8 a

3 4.8 cd 4 1.4 a

4 3.4 bc 6 0.8 a

2 1.4 ab 7 0.2 a

5 1.0 ab 2 0.2 a

Water control 0.0 a Water control 0.0 a
A Means followed by the same letter in a column are not 
significantly different (P <0.005).
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excision from the plant, many of the treatments became 
chlorotic and often progressed to complete necrosis. 
This disease progression however had a low correlation 
with number of lesions produced (data not shown). 
Some isolates apparently do not need to establish many 
lesions to kill a leaf or stem.

The fact that there was a poor correlation between 
lesion numbers and death of leaves and stems sug-
gest that there may be an isolate dependant threshold 
number of lesions needed to produce widespread 
death of tissue. Xiang et al. (2002) have shown N. 
alternantherae to produce a number of phytotoxins, 
which can cause disease symptoms on alligator weed. 
Field observations during the Australian surveys have 
noted complete chlorosis of leaves with as little as one 
3 mm diameter Nimbya spp. lesion and microscopic 
observations in this study have revealed that single 
Nimbya spp. conidia are capable of producing typical 
lesions. Therefore lesion number is not a good measure 
of isolate pathogenicity to alligator weed.

A single conidia inoculation experiment is under 
development to better assess the toxin production of 
individual isolates.
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