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Phalaris Toxicoses in Australian 
Livestock Production Systems: 
Prevalence, Aetiology and 
Toxicology

Introduction
Phalaris aquatica L., previously also known as Phalaris tuberosa 

L. [1], originates from the Mediterranean and Middle East [2]. It was 
first introduced in Australia soon after European colonisation [1] as 
reported in 1877 and has since proven to be an important pasture 
species for the Australian climate [3]. The introduction that gave rise 
to the first Australian cultivar, named ‘Australian’, was developed 
at Toowoomba in 1883, and was released for commercialisation in 
1906 [4]. ‘Australian’ spread throughout the southern region of the 
continent and for 60 years was the only commercially available cultivar 
[2]. The success of ‘Australian’ in the challenging environmental and 
agronomic climate in Australia prompted the development of other 
commercial cultivars such as ‘Seedmaster’, ‘Sirocco’ and ‘El  Golea’, 
which  were developed for greater seed retention or higher winter 
growth and summer dormancy. These cultivars were released in the 
1960s and 1970s (Figure 1) [5]. 

P. aquatica actively grows between autumn and spring and 
is dormant during the summer months [1]. It has high biomass 
production, is tolerant of heavy grazing and can persist in Australian 
conditions where water logging can be a significant issue [4]. The 
deep-rooted growth habit of phalaris is associated with its significant 
drought tolerance [6]. The success of phalaris as a pasture species in 
Australia’s challenging landscape has also resulted in its adoption in  
New Zealand, the USA, Canada, South Africa, Northern Africa, and 
South America [1]. In addition to P. aquatica, there are a number 
of other species of the genus Phalaris which are used in grazing 
systems worldwide including P. angusta [7], P. arundinacea  [8], and 
P. caroliniana [9]. All of these species are found in Australia but even 
after its first commercialisation 100 years ago,  P. aquatica is still the 

most prominent pasture species grown in Australian production 
systems [3]. Currently, there are estimated to be 2.5 million hectares 
of P. aquatica sown in Australia with most of that production being 
located in higher rainfall zones within New South Wales (NSW) [4] 
as well as South Australia (SA), Western Australia (WA) and Victoria 
(VIC) [5]. Phalaris aquatica is an autumn, winter and spring growing 
perennial which adapts well to dryland or irrigated pastures being 
tolerant of both salinity and water-logging [10]. P. aquatica performs 
best in highly fertile, deep soils but shows good persistence in a 
wide range of soil types. It requires more than 500mm mean annual 
rainfall to persist [11], making it a common choice of pasture species 
in the medium to high rainfall zones in Australia. Therefore, phalaris 
has proven particularly valuable in Australian pasture systems as it 
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Abstract

The perennial grass Phalaris is a valuable pasture species which 
features predominantly in Australian and North American grazing 
systems. Its usefulness, however, has been tempered by the presentation 
of sporadic outbreaks of severe toxicoses associated with its ingestion 
by grazing livestock. Phalaris toxicoses present as one of two clinical 
entities: phalaris ‘staggers’ or ‘sudden death’. Although alkaloid 
toxins have been implicated in both syndromes their identification 
and mechanism of action are yet to be fully defined, and the specific 
nature of phalaris toxicity is currently poorly understood. Mitigation 
strategies currently centre on changed management practices, such 
as sowing low alkaloid cultivars and supplementation with cobalt. 
This review examines the prevalence, aetiology and pathogenesis of 
phalaris ‘staggers’ and ‘sudden death’ syndromes as well as current 
knowledge of environmental and agronomic interactions associated 
with the production of nitrogenous compounds and bioactive 
secondary metabolites in the plant. 

Figure 1: Phalaris aquatica cultivars in current using in Australia pasture 
systems. A) Phalaris aquatica cv. ‘Australian’, mature plants at full height 
showing flowering heads. B) P. aquatica cv. ‘Holdfast’ and C) P. aquatica 
cv. ’Sirocco’ as grazing pastures. Images reproduced by permission of R. 
Culvenor (CSIRO). 

Copyright: © 2014 Alden R, et al. This is an open access article 
distributed under the Creative Commons Attribution License, which 
permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited.
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provides high quality winter forage, is highly tolerant of drought, 
shows resistance to insects, can survive flooding, and is persistent 
enough to be used to control invasive weeds.

A limiting factor to the widespread use of phalaris in grazing 
systems worldwide is the sporadic, but significant, incidence of 
toxicoses in livestock grazing upon this genus [12-16]. Phalaris 
toxicoses typically presents as one of two clinical entities: phalaris 
‘staggers’ [16,17] and also as the two potentially related forms of 
phalaris ‘sudden death’ syndrome [16,18]. In Australia, phalaris 
toxicity is estimated to cost producers approximately $1.7 million 
annually with the average farmer experiencing an outbreak between 
one in four and one in twenty years [19]. Significant stock losses, 
particularly in sheep, have been reported [20]. However, the full 
economic costs to the livestock industry are unclear. In their report 
[19], Sackett and colleagues do not address each of the syndromes 
separately, nor do they take into account losses in cattle or other 
species, nor estimate the cost of preventative cobalt supplementation 
and other pasture mitigation strategies. For these reasons, it is 
likely that this figure significantly underestimates the cost of these 
syndromes to Australian farming systems.

Prevalence of phalaris toxicoses in grazing livestock

McDonald first described toxicity in grazing livestock resulting 
from ingestion of phalaris in 1942 [21]. Subsequently, outbreaks were 
reported in New Zealand [22], America [8], and Argentina [23] with 
most reported in livestock grazing P. aquatica. However, toxicity has 
also been documented in stock grazing P. angusta [7], P. arundinacea 
[8], and P. caroliniana [9]. In Australia, a higher prevalence of phalaris 
toxicity has been reported in NSW than other states [24], possibly due 
to the more frequent use of this pasture species in this state than in 
others across Australia [25]. 

Ruminants are most commonly reported to be affected by phalaris 
toxicoses. Outbreaks in both cattle and sheep have been documented 
[9,16,21,24] with sheep appearing to be more susceptible to phalaris 
toxicoses than cattle [26]. Goats can also be affected by phalaris 
toxicity although they appear to be less vulnerable than their ovine 
counterparts [27]. Horses have also been reported to be affected [18], 
but appear to be impacted more by ingestion of P. coerulescens and P. 
paradoxa than P. aquatica [28] which may explain why horses have 
been known to graze the same pastures as affected sheep without 
presenting any clinical signs of toxicity [21]. However, to date, no 
completely ‘safe’ or non-toxic phalaris cultivar has been identified.

Sheep of any age, breed or sex can develop clinical signs of 
phalaris toxicosis [21,27], although some breed specific susceptibility 
has been reported with Romney Marsh weaners appearing to be 
more susceptible than Merinos of the same age [29]. Gallagher and 
colleagues (1966) observed that incidence of phalaris ‘staggers’ in 
sheep decreased with increasing stocking rates [24]; conversely, 
Bourke et al. found that the incidence of polioencephalomalacia-
like (PE-like) sudden death increased with higher stocking densities 
so effect of stock ratios is unclear on the aetiology of the disorder. 
Neither age nor cultivar of phalaris pasture has been shown to mitigate 
phalaris ‘staggers’ as both young and well-established pastures have 
been associated with neurotoxicity [30].

Grazing management has been suggested as a strategy to mitigate 

against toxic outbreaks. Rapid digestion of phalaris cultivars by 
hungry sheep without time to adjust to high alkaloid and / or nitrogen 
(N) levels in the plant has been suggested as a factor associated with 
higher incidence of P. aquatica polioencephaliomalacia-like (PE-
like) sudden death syndrome; a rapid, lethal toxicosis resulting from 
significant neurological damage [15,18,31,32]. Both supplemental 
feeding of sheep prior to introduction to high risk pastures, or 
slow introduction of a mob to a paddock, have been suggested as 
methods of reducing toxic outbreaks [27]. Joint sowing of other 
pasture species with phalaris varieties can also potentially reduce the 
risk of phalaris toxicity [26]; however, mixed pastures containing 
ryegrass, clovers, native grasses and lucerne have all been reported 
to be associated with development of phalaris toxicoses in livestock 
[30,33]. Testing paddocks with a small group of less valuable stock 
and closely monitoring their health prior to introduction of the mob 
can potentially reduce losses but is a time consuming and potentially 
costly exercise. As such, no effective mitigation strategy has yet been 
identified to completely eradicate risks associated with phalaris 
toxicoses when grazing livestock on this pasture species.

Clinical presentation of phalaris toxicoses -phalaris ‘staggers’

Phalaris toxicoses presents as two key clinical entities commonly 
known as phalaris ‘staggers’ and phalaris ‘sudden death’ [16]. Phalaris 
‘sudden death’ usually occurs within 48 hours of entry to phalaris 
pastures and has two associated syndromes: one a cardiac syndrome 
and the other a neurological PE-like toxicosis [14,18,32,34]. Sheep 
within the same mob have been reported to present with both phalaris 
‘staggers’ and ‘sudden death’ syndromes [24] but the reason why 
some animals present with one syndrome and others with another is 
currently unclear. 

There are also two forms of phalaris ‘staggers’: acute and chronic. 
Acute cases appear to occur when sheep are actively grazing phalaris 
pastures and the onset is rapid and recovery can be complete whereas 
onset of chronic phalaris ‘staggers’ presents more slowly, as a chronic 
degenerative disorder, and cases are usually fatal [14,15,35]. Fatalities 
from acute staggers are rare [20,21,24] and the clinical signs can 
resolve after sheep are removed from the pasture, although this 
resolution can take many months [24,36]. Recovery from chronic 
staggers is unlikely due to the degenerative nature of the changes in 
the central nervous system finally resulting in weight loss and death 
[15,22,30,33]. 

Neurological signs associated with acute phalaris ‘staggers’ first 
appear between six hours to 21 days after stock are placed on phalaris 
pastures [21,22,24] with chronic changes requiring a minimum of 
three to four months to present clinically [35]. Acute signs of toxicity 
include hyper-excitability, muscle tremors, head nodding; an ill-
coordinated ‘proppy’ gait, fore and hind limb paresis, convulsions and, 
in the most severe cases, death [14-16,22,33]. Other less commonly 
reported signs have included twitching ears, lethargy, recumbency, 
falling, heavy panting and loud heart sounds [21] possibly suggestive 
of commonality of clinical changes between the cardiac and ‘staggers’ 
presentations. The duration of, and combinations of, different clinical 
signs can be highly variable and in some cases can subside and then 
re-emerge at a later date [33]. 
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In cattle, clinical signs of phalaris ‘staggers’ are not well reported 
as the incidence is relatively rare compared to that in sheep [26]; 
however, neurological changes also include ill-coordination, muscle 
tremors, excessive salivation, lethargy, failure to thrive, a reduced 
ability to swallow and falling [8,21,23]. There have been some attempts 
to administer pharmacological agents to control this syndrome and 
both ‘Myanesin’ and barbiturates have been shown to be an effective 
treatment for acute phalaris ‘staggers’ in livestock [30].

Pathological lesions associated with phalaris toxicoses

A variety of post-mortem changes have been reported to be 
associated with clinical cases of phalaris ‘staggers’ in livestock. These 
include pleural oedema, a green discolouration of the kidneys and 
peripheral and central neuropathy. Deposits of golden brown to 
green pigment have also been noted in the cell bodies of neurons 
of the central nervous system, in particular in the brain stem and 
cerebellum (Figure 2), as well as in motor neurons in the spinal 
cord [16,21,26,33]. These pigment deposits have been suggested to 
caused by accumulation of indoles, formed by oxidative deamination 
of alkaloid toxins, or direct pigment precipitation of 5-5-hydroxy-
N,N-dimethyltryptamine (HDMT) in affected neurons [24]. Pigment 
deposition in neuronal cell bodies has been suggested to be indicative 
of a neuronal storage syndrome [16]. Few post-mortem reports have 
been published on the pathological changes observed cattle but Binder 
et al. describe necrotic neurons in the spinal cord with accumulation 
of intracytoplasmic granular pigment in many cases, with regions 
affected including the spinal cord, brain stem, pons, medualla and 
midbrain. A green-brown pigment accumulation was also noted in 
tubular epithelial cells of the kidney [16]. 

Phalaris ‘sudden death’ syndrome: two clinical entities, one 
common outcome

As described above, phalaris ‘sudden death’ in sheep typically 
appears as one of two clinical entities: a cardiac form and a neurological 
form, PE-like sudden death syndrome [15,18,31]. The cardiac 
presentation of this disorder gives rise to multi-factorial cardio-
respiratory cessation resulting in the sudden death of the animal, 
often within hours of introduction to phalaris pastures. Cardiac 
sudden death syndrome in sheep grazing phalaris has been suggested 
to be caused by acute hydrocyanic acid toxicity in combination with 
nitrate poisoning and other potentially toxic compounds [32], but 
definitive proof of the presence of hydrocyanic acid in plants and 
afflicted animals has not been obtained, likely due to the transient 
nature of this molecule. Interestingly, the geographical location of 
a pasture appears to influence the type of sudden death syndrome 
occurring with the neurological form being more common than the 
cardiac form in South-East Australia [31].  

Sheep with the PE-like syndrome which do not die often exhibit 
blindness, wandering behaviour, head pressing, tremors, excess 
salivation and general depression, all suggestive of widespread 
neurological dysfunction [32]. PE–like sudden death has been 
reported 12 to 48 hours after hungry sheep are given access to the 
phalaris pasture [18] and has been suggested to be caused by peracute 
ammonia toxicity of unknown aetiology [31,37]. It has been suggested 
that thiamine or pyridoxine administration may protect sheep from 
PE-like sudden death although this anecdotal treatment remains to 

be validated [37]. Cattle have also been reported to die from PE-
like death, with fatalities continuing for up to four days after being 
removed from the toxic pasture [31]. The symptoms of sudden death 
in cattle with PE-like sudden death syndrome have been described 
by Bourke et al. as similar to those in sheep and include wandering 
behaviour and excess salivation. 

Plant secondary metabolites implicated in phalaris toxicoses 
in grazing livestock

A number of plant compounds have been suggested to be 
causal in cases of phalaris toxicoses. Culvenor and colleagues first 
described investigations to identify the causal compounds in 1964 
where they observed high levels of the psychoactive tryptamines N,N-
dimethyltryptamine (DMT), 5-methoxy-N,N-dimethyltryptamine 
(5-MeO-DMT) and the related metabolite 5-hydroxy-N,N-

Figure 2: Intracytoplasmic pigment deposition in the cell body of a motor 
neuron from the inferior cerebellar peduncle in a sheep suffering from 
Phalaris ‘staggers’. Granules of intracytoplasmic pigment are highlighted by 
arrows (photo by J. Quinn).

Figure 3: Chemical structures of indole alkaloid toxins implicated in the 
neurological entities Phalaris ‘staggers’ and ‘polioencephalomalacia-like 
sudden death’ syndromes.
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contents, there have been cases of phalaris ‘staggers’ in sheep and 
cattle grazing ‘Sirocco’ and ‘Seedmaster’ varieties [49], and numerous 
cases of reported toxicity with ‘Sirolan’ and other cultivars in 
Western Australia [49] and other locations. This clearly suggests two 
possibilities: either these cultivars contain levels of alkaloids above the 
toxic threshold or other metabolites are also potentially responsible 
for these outbreaks. ‘Landmaster’ and ‘Atlas PG’ were bred for 
static levels of dimethyltryptamine, but reduced levels of tyramine-
related alkaloids in comparison to ‘Holdfast’ [50], a ratio thought to 
be beneficial in reducing alkaloid-related deaths. The importance of 
this ratio is not currently known.  The lack of successful production 
of non-toxic varieties of P. aquatica is likely due to the complex 
interactions governing alkaloid production in these graminaceous 
plants, given that a multitude of factors including drought or heat 
stress, soil composition, phenology and herbivory can all influence 
production [51,52]. Environmental factors are clearly associated with 
production of DMT and tyramine-related alkaloids in all phalaris 
cultivars [50], similar to results obtained when studying Echium 
plantagineum and production of lycopsamine alkaloids [52] although 
exact regulation of their production in phalaris is currently less well 
understood. 

Cardiac and PE-like sudden death: a variation in 
presentation of one clinical syndrome?

We now understand that phalaris ‘sudden death’ in grazing 
livestock has been associated with all commercially available cultivars 
including the low alkaloid biotypes [4]. The chemical constituents 
resulting in ‘sudden death’ are still unidentified.  Recent research 
in Australia has focused on PE –like sudden death as it is the more 
prevalent of the two forms of toxicity [18]. Bourke et al. found 
that deceased cattle affected with PE–like ‘sudden death’ exhibited 
hyperammonemia showing high ammonia concentrations in the 
aqueous humour of the eye post- mortem in comparison to normal 
reference level ranges. Similar occurrences have also been reported 
in sheep [31]. 

Although rare, hyperammonemia, or non-protein nitrogen 
poisoning, is reported in domestic livestock [53]. Clinical signs 
associated with hyperammonemia develop rapidly, often presenting 
with 30 minutes of ingestion, with progression to death within as 
little as four hours. This presentation shows marked similarities to 
phalaris cardiac ‘sudden death’ syndrome and related syndromes. The 
sequence of cellular events causing death in these cases is thought to 
be multi-factorial, potentially via ammonia perturbation of the lactic 
acid cycle [54], or inhibition of sodium-potassium ATPase pump 
recycling of extracellular potassium causing  systematic metabolic 
acidosis [55] resulting in subsequent cardiac arrest [53]. Interestingly, 
altered lactic acid cycling can also result in altered neurological 
signs, coincident with changes observed in livestock with a PE-like 
syndrome, suggesting that these two syndromes may not be totally 
unrelated. It has been postulated that the alkaloid that causes PE-
like sudden death may act as an inhibitor of the urea cycle, thereby 
slowing the rate of removal of ammonia from the bloodstream, 
resulting in hyperammonaemia [31]. 

The greatest period for risk of phalaris toxicoses occurs when 
phalaris plants are undergoing rapid vegetative growth [49], 
coincident with stages when nitrogen (N) levels are typically 

dimethyltryptamine (5-HDMT, also known as Bufotenin) in P. 
aquatica [38]. Tryptamine alkaloids are structurally similar to 
serotonin (Figure 3) and can affect both cardiac and neurological 
function [24]. DMT, 5-MeO-DMT and 5-HDMT were found to 
produce symptoms similar to acute phalaris ‘staggers’ when injected 
into sheep with 5-MeO-DMT producing the most severe clinical effects 
[39], suggesting a causal role for these compounds in the presentation 
of phalaris ‘staggers’ in livestock., Gramine (a tryptamine) and 
hordenine (a tyramine) and 5-MeO-DMT have also been implicated 
in cases of phalaris ‘sudden death’, although symptoms of ‘staggers’ 
could only be produced by experimental administration of 5-MeO-
DMT [34]. The indole alkaloid N-methyltyramine (NMT) was also 
suggested to cause phalaris PE-like sudden death [40]; however, 
this could not be confirmed by clinical trials and the putative causal 
compound, if there is a single compound at all, remains elusive. 

A causal link between the development of phalaris ‘staggers’, re-
sulting from ingestion of high levels of 5-MeO-DMT, and the poten-
tial presence of other currently  unidentified bioactive indole alkaloids 
which could affect accumulation of this and other neuroactive com-
pounds in the central nervous system of affected animals, remains to 
be fully determined . The compound 5-MeO-DMT and its metabolite 
bufotenine are potent non-selective serotonin agonists with activity 
both in the central nervous system and systemic tissues including 
the intestinal tract [41]. Administration of 5-MeO-DMT and other 
serotonin agonists can cause multiple physiological and behavioural 
effects [41]. The differential effects observed in livestock after ex-
perimental administration of NMT [40], and 5-MeO-DMT [39] may 
be due to the relative high affinity of 5-MeO-DMT to the serotonin 
5HT-1A receptor in comparison to other members of this chemical 
family [41]. Inhibition of 5-MeO-DMT activity in the central nervous 
system is modulated by deamination of 5-MeO- DMT to bufotenin, 
a liver-based reaction, with bufotenin showing a preferential affinity 
for the 5-HT-2A receptor and rapid elimination from the systemic cir-
culation [41]. Exposure of animals to 5-MeO-DMT, in the presence 
of monoamine-oxidase inhibitors, such as the  as indole alkaloid har-
maline or its derivatives which can be found in some plant and seeds 
[42-44], can result in fatal 5-MeO-DMT toxicity [45] not dissimilar 
to that observed in phalaris toxicoses. This combination of 5-MeO-
DMT and monoamine oxidase inhibitors which extend 5-MeO-DMT 
activity in the central nervous system, have also been shown to have 
beneficial effects in combating addictive behaviours associated with 
serotonergic hyperstimulation in humans[46,47] suggesting that the 
balance between these compounds is important for maintenance of 
normal neurological function.

The foundation P. aquatica high alkaloid varieties, ‘Australia’ and 
‘Seedmaster’, are now associated with more frequent occurrence of 
toxicity [48]. The identification of a critical role for alkaloid toxins 
in the clinical presentation of phalaris toxicoses has also resulted in 
considerable efforts to produce ‘safer’ commercially available cultivars 
with reduced alkaloid production. ‘Holdfast’, ‘Sirosa’, ‘Sirocco’ and 
‘Sirolan’ are commercially available cultivars that have been bred 
for low alkaloid content [25] with ‘Holdfast’ and ‘Sirolan’ selected 
particularly for low DMT and related alkaloid concentrations. 
Although Holdfast also has low DMT, it does contain very high 
concentrations of tyramine- related alkaloids and was associated with 
a toxic outbreak in South Australia [49]. Despite their ‘low’ alkaloid 
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highest in the plant  [25,31]. As inhibition of key enzymes required 
for the metabolic conversion of ammonia to less toxic forms of 
N in plants has been suggested to be a possible mechanism of the 
hyperammonaemia observed in clinical cases of phalaris toxicoses 
[31], ingestion of high levels of N in the diet would be contraindicated 
when grazing phalaris varieties. Cattle were observed to suffer from 
PE-like sudden death after grazing actively growing lucerne, a pasture 
species which naturally contains high levels of protein N [31]. This 
high level of nitrogen intake prior to exposed to potentially toxic 
phalaris pasture may have contributed to the deaths of these cattle, 
but further investigations are warranted to answer these questions.

A grazing animal’s susceptibility to hyperammonaemia can be 
potentially mitigated by slow introduction of the animal to a high 
non-protein N diet, (including actively growing, young phalaris 
plants), providing optimal balances of rumen and gut microflora to be 
established for conversion of excess N to digestible proteins. Rumen 
pH and the rumen microflora environment can be influenced by many 
factors including a low carbohydrate diet, stress, metabolic challenge 
due to disease, hepatic dysfunction, high ambient temperatures or 
dehydration; all of which can all affect the animal’s ability to effectively 
metabolise exogenous nitrogen sources. An accumulation of such 
factors might influence a predisposition to ammonia sensitivity, and 
therefore ultimately toxicity, in naive animals introduced to rapidly 
growing phalaris pastures. 

Environmental factors influencing outbreaks of phalaris 
toxicoses in ruminants

Phalaris toxicoses has been reported in animals grazing phalaris 
pastures on soils with cobalt deficiency [18,30]. This has been 
particularly evident in South Australia [33]. Soil cobalt levels have 
been associated with outbreaks of phalaris ‘staggers’ [56]. However 
soil cobalt does not seem to correlate well with cobalt levels within 
the plant; therefore it has been suggested that sheep generally obtain 
their dietary cobalt by eating soil [56]. Clearly, there is not a simple 
correlation between cobalt deficient soils and phalaris toxicoses, as 
affected animals have also been observed on Australian soil types that 
are not deficient in this trace mineral, including Tablelands basalt, 
Cowra red loam and andesite soils [36] suggesting once again that 
other environmental factors are also at play. Equally, the mechanism 
of action of cobalt administration to livestock as a prophylactic 
treatment for phalaris toxicoses is also questionable despite being 
a treatment modality for many years [33,57], with cobalt bullets 
suggested as an effective prophylactic to prevent chronic phalaris 
‘staggers’ in sheep [24,26]. Interestingly, administration of cobalt 
has been found to be less effective in mitigating for the acute form of 
phalaris toxicoses; in this case administration of cobalt had limited or 
no effect at all on the incidence of mortality resulting from phalaris 
sudden death syndrome [24,58]. 

A link between cobalt deficiency and alkaloid production in 
the plant has been hypothesized. Cobalt has been found to have 
a protective role against drought stress in higher plants [59] and it 
has been shown that alkaloid levels are highest in phalaris plants 
under the greatest moisture stress [18,60,61]. Therefore, soil cobalt 
deficiency could reduce the plant’s drought tolerance causing 
enhanced alkaloid toxin production due to stress, thereby increasing 
the likelihood of incidence of phalaris toxicity in deficient soils. Other 

environmental factors have also been reported to increase levels of 
alkaloids in plants; these include frost events [18], shading [24,60], 
spacing between plants or inter-plant competition, temperature and 
drought [50,52]. Sheep deaths associated with phalaris have also been 
suggested to be more prevalent early in the morning and when there is 
cloud cover or fog [24] although the direct correlation between these 
findings and toxicity remains unclear. High N content in soils, linked 
to widespread application of superphosphate fertilisers stimulating 
legume production and therefore nitrogen fixation prior to the 
1970s and the associated growth of clover, may also have historically 
increased the concentrations of N-containing compounds within 
phalaris stands. Fertiliser use on pastures has declined since 1973 
when the superphosphate bounty was removed [62]. As legumes such 
as subterranean clover (Trifolium subterraneum L.) have a higher 
phosphorus requirement for optimal production than grasses, and 
as such the loss of the superphosphate bounty resulted in a decline 
in legume production in grazing pastures and therefore availability 
of nitrogen to non-leguminous pasture species [63]. This change 
has resulted in pastures that have become more grass dominant 
across Australia, and therefore encouraged growth of species such 
as phalaris in gazing systems. Whether this long-term change in 
pasture composition as a result of lower superphosphate use, and the 
associated loss of legumes in Australian grazing systems has had any 

Figure 4: Chemical structures of indole alkaloid toxins implicated in the 
neurological entities Phalaris ‘staggers’ and ‘polioencephalomalacia-like 
sudden death’ syndromes.
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impact on prevalence of phalaris toxicoses remains unclear but is an 
interesting question. 

In addition to effects of soil mineral composition on plant 
metabolism, there is also evidence to suggest that autumn rains 
resulting in vigorous new growth of a phalaris dominant pasture can 
lead to an increased likelihood of phalaris toxicoses [21,22,24,33,49]. 
Culvenor et al. showed that the concentration of alkaloids within 
phalaris species were highest in autumn when new growth occurred 
following summer dormancy [64,65]. Further research investigating 
the impact of climate, rainfall, soil type and weather conditions on 
the physiological characteristics of the phalaris cultivars, and the 
associated incidence of outbreaks of phalaris toxicosis, is important 
in providing solutions for graziers attempting to graze livestock 
on phalaris species during periods of highest risk for livestock 
poisoning. A summary of the complex agronomic, phytochemical 
and physiological interactions associated with phalaris toxicoses is 
shown in Figure 4.

Conclusion
Although incidence of phalaris toxicoses in Australia are 

consistently reported, the epidemiology of this disease remains 
unclear: Livestock grazing and toxicity surveys are critical to 
determine the incidence of these disorders which are undoubtedly 
multi-factorial in nature (Figure 4). Determination of the causal 
compound(s) associated with phalaris toxicoses, the mechanism by 
which hyperammonaemia is induced, and other factors affecting the 
metabolic breakdown of nitrogenous compounds, their catabolism in 
the plant and involvement in these complex clinical presentations are 
all areas in which further research is required. This information could 
enable the development of safe cultivars with associated metabolic 
profiles to assist in mitigation of toxic outbreaks. The mechanism 
by which cobalt and supplementation with other anecdotes prevent 
chronic phalaris ‘staggers’ remains unknown. However, knowledge of 
high risk soil types and increased awareness within the industry could 
reduce stock losses. The impact of environmental factors on toxicity 
requires additional investigation using controlled environment 
experimentation coupled to metabolic profiling for determination 
of bioactive inhibitors and discovery of the toxin(s) involved in 
these syndromes will also result in better industry awareness of risk. 
Optimal integration of pasture and animal management practices, 
including fertiliser application, grazing regimes, stocking rate and 
pasture composition, will also likely reduce the risk of phalaris 
toxicoses and possibly enhance the continued utilisation of this 
drought tolerant and versatile pasture grass globally as well as in 
Australian farming systems. 
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