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Abstract
Summer active, tropical perennial grasses have shown potential in southern Australia but establishment is 
risky as it requires a combination of warm but moist soils for successful pasture establishment.  The aim 
of this study was to define optimal sowing windows for the low rainfall zone (250-400 mm) of southern 
Australia.  By interrogating historical climatic data (SILO) using two sets of rules that identified conditions 
for potentially successful seed germination and pasture establishment sowing windows were identified.  In 
general early October presents the most opportunities to successfully establish tropical grasses.  However 
the duration of the sowing window and number of opportunities in any given year varied greatly across the 
region.  The data is helpful for planning purposes and assessing potential suitability of different zones as field 
experimentation has shown that, once established, perennial tropical pastures can grow well and persist in a 
low rainfall environment.
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Introduction
Traditional mixed farming systems in the low rainfall region of southern Australia often endure a significant 
feed supply deficit for livestock over the summer and early autumn period that can last for up to 6 or 7 
months.  The reason is that the farm feed base is often focussed towards annual species in order to exploit 
winter rainfall.  However these systems do not take advantage of occasional summer rainfall and deep soil 
moisture carried over from winter and spring.  The use of summer-active (i.e. C4 of tropical origin) pasture 
species (e.g. Panicum spp., Chloris gayana, Digitaria eriantha) has been proposed as an option to reduce 
the summer feed deficit (e.g. Finlayson et al. 2012) in situations where lucerne is not a preferred or suitable 
option, particularly where maintaining groundcover to reduce erosion risk is a priority.  Extensive areas are 
already established in the northern Western Australian cropping belt (Moore et al 2013).  As a result, the 
potential for integrating  perennial tropical pastures in a low rainfall crop-livestock region of South Australia 
and Victoria has been assessed using field experimentation at two locations, where growth and persistence 
(Descheemaeker et al. 2014)  has encouraged the assessment of potential suitability of these pasture options 
to low rainfall areas.

Based on experience from other climate zones in Queensland (Qld), New South Wales (NSW) and Western 
Australia (WA), a key obstacle to more widespread adoption of summer-active perennial pastures is their 
difficult and risky establishment (McCormick et al. 2009; Moore et al. 2013).  Especially in southern low-
rainfall areas where these grasses are less well adapted than in tropical environments and relatively untried, 
more certain information about the optimal sowing windows for different regions and estimates of the 
probability of establishment success are required to better inform growers.  Therefore, an exploratory study 
was conducted with the aim to identify the periods in the year where opportunities for sowing summer 
active grasses were suitable for potentially successful germination and establishment across a number of key 
locations in the low rainfall zone of southern Australia.
 
Method
The area of interest was the 250-400 mm rainfall zone of SA, NSW and Victoria.  A number of locations 
were selected as being geographically representative of various areas within the region with farming systems 
potentially suited to perennial tropical grasses (Figure 1).  Historical daily meteorological data from the 
45-year period from 1970-2014 were extracted from the SILO climatic database as a Patched Point (Jeffrey 
et al. 2001) for selected stations at each location.  An important factor in seed germination relates to the 
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temperature of the soil environment.  However soil temperature data are not available in SILO datasets.  Air 
temperature data are recorded 1.2 m above the soil surface and so are not reliable surrogates for conditions in 
the soil environment.  Therefore a simple linear relationship between air and soil temperatures to 10 cm was 
developed based on data from a selection of 14 dryland cropping locations in the South Australian Mallee 
and Riverland recorded at daily intervals, usually from 2011 onwards (www.aws-samdbnrm.sa.gov.au) for 
the period between 21 June and 21 December. Average daily soil temperature was predicted with reasonable 
accuracy (R2=0.84; p<0.05) with an overall median difference of -0.1 ° C (-2.0 to 3.4 ° C).          
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Figure 1.  Location of the study sites in the low rainfall zone (250 – 400 mm) of SA, Vic and NSW assessed for 
their suitability for the establishment of tropical grasses. 
   
In order to define the optimal sowing window for tropical grasses two sets of rules were developed, one 
aimed at determining sowing times for optimal seed germination, the second set built upon these to also 
consider a simplified assessment of potential for seedling survival (viz. establishment):     
Rule Set 1 - germination suitability: 

•   Soil is in a warming trend: the data analysis was restricted to days between the winter and 
summer solstices ( 21 June to 22 December), soil in when the following fortnight had a higher 
median temperature than the one before,  

•   Median soil temperature: is between 15 °C and 35 °C for 5 days, 
•   Night time air temperature (minimum): is greater than 10 °C , and  
•   Sufficiently moist soils for germination: where total rainfall, divided by potential 

evapotranspiration (FAO56) in the 7 days preceding, is greater than 1.0 

Two additional aspects expanded the germination rule set above in order to consider the potential for pasture 
survival beyond the seeding period to establish a pasture sward of seedlings.    
Rule Set 2 - establishment: 

•   Frosts: when the incidence of severe frosts (-2 °C) in the next two months is low,  
•   Sufficiently moist soils for establishment: where the ratio of total rainfall divided by potential 

evapotranspiration (FAO56) in the three months proceeding is greater than 0.75  

The above rules were developed based on information from various published studies from a range of 
laboratory, glasshouse and field experiments, extension material and experience of scientists, agronomists 
and farmers (e.g. Moore et al. 2013).   
 
The establishment rules set required meteorological data after the planting date, whereas the germination rule 
set used data prior to and including the potential sowing date.  In the above way, this analysis utilises the 
historical data as an indication of the climatic trends and conditions that might be expected in the future. 
 
Results 
The average air temperature, lagged over the previous three days, was related to the average daily soil 
temperature at 10 cm depth in the soil.  Using the germination rules, sowing opportunities occurred on 
average in 69% (82% at Murray Bridge to 60% at Lameroo and Buckleboo) of years in the study period (data 
not shown).  All locations had at least one sowing opportunity per year (i.e. at least one day that met 
germination Rule Set 1).  The median number of suitable sowing days per location per year was two.  
However when establishment was taken into account using the establishment rules, on average around 30% 
of years had at least one day of sowing opportunity (i.e. satisfying both the germination and establishment 
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average in 69% (82% at Murray Bridge to 60% at Lameroo and Buckleboo) of years in the study period (data 
not shown).  All locations had at least one sowing opportunity per year (i.e. at least one day that met germination 
Rule Set 1).  The median number of suitable sowing days per location per year was two.  However when 
establishment was taken into account using the establishment rules, on average around 30% of years had at least 
one day of sowing opportunity (i.e. satisfying both the germination and establishment Rule Sets).  There was a 
wide range across the low rainfall zone in the total number of days where sowing opportunities occurred (Table 
1).  The greatest number of opportunities for sowing with establishment was at Kerang and the least number 
was at Waikerie.  The optimum period varied between locations.  Of the locations shown in Figure 2, Lock 
(Eyre Peninsula, 371 mm average annual rainfall) showed more suitability for establishment but at Waikerie (SA 
Riverland, 273 mm average annual rainfall) germinated seeds would have a small chance of survival.    

Table 1.  Total number of days over 44 year period (1970-2014) with sowing opportunities based on rules 
for germination and establishment.  Numbers in parentheses are the percentage of years with at least one 
opportunity per year. 
Location Germination

days
Establishment

days (%)
Location
(cont.)

Germination
days

Establishment
days (%)

Kerang 201 83 (36)
Murray Bridge 193 79 (56) Mildura 159 34 (20)
Hay 232 75 (33) Manangatang 154 32 (22)
Lock 177 73 (49) Cowell 183 32 (22)
Nhill 113 57 (40) Walpeup 123 29 (22)
Moulamein 223 52 (27) Buckleboo 106 27 (20)
Balranald 214 52 (24) Murrayville 122 26 (27)
Minnipa 140 50 (33) Karoonda 133 24 (27)
Hopetoun 129 40 (33) Charlton 273 17 (16)
Lameroo 110 39 (36) Waikerie 155 3 (4)
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Figure 2.  Subset of the locations used in the study – the y-axis represents the total number of sowing 
opportunities (days) for the 45 year period, divisions on the x-axis are weekly periods; the trend lines present the 
fortnightly moving average.  The segmented lines are from germination rule set (1) and the solid lines are from 
the establishment rule set (2).   
 
The time of first sowing opportunity depends on locality: on central and upper Eyre Peninsula opportunities 
may become available from July onwards, where as in the southern SA Mallee and Victoria opportunities 
start to increase from the middle of September onwards (Figure 2).  Overall, early October represents the 
most likely time for successful germination and establishment.  When is the latest farmers can sow?  At 
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The time of first sowing opportunity depends on locality: on central and upper Eyre Peninsula opportunities 
may become available from July onwards, where as in the southern SA Mallee and Victoria opportunities 
start to increase from the middle of September onwards (Figure 2).  Overall, early October represents the 
most likely time for successful germination and establishment.  When is the latest farmers can sow?  At 
many locations germination opportunities exist later than October, but by early-mid November there is very 
little probability of successful establishment.

Discussion
This analysis has highlighted the large variation in likely establishment opportunities for tropical species 
between localities in the southern low rainfall region.  The study shows that opportunities for establishment 
will occur in most locations but there is a generally low coincidence of suitable temperatures and moisture 
regimes. Sowing times need to be considered in the context of conditions for germination and after sowing 
such as follow up rains, the severity and number of frosts, surviving summer drought etc.  Use of tropical 
grasses by growers in Western Australia has shown that limitations to establishment can be reduced in some 
respects with judicious management and preparation  (Moore et al. 2013) but in practice, in the low rainfall 
zone the coincidence of suitable conditions occurs over a narrow range.  The limited sowing opportunities that 
meet the meteorological and agronomic requirements will require a highly opportunistic approach and demand 
monitoring and preparedness during key periods, mostly during September and October.  Based on the localities 
studied, many growers can only expect an opportunity to establish tropical grasses one year in three

This initial data exploration has highlighted the optimum sowing windows using interrogation of climate 
records and a preliminary set of rules.   However these may differ from the actual germination windows as 
grasses can germinate under suboptimal conditions due to hydropedesis – whereby seeds have the ability to 
imbibe water then dry again without loss of germinability.  This is an adaption that allows the seed to remain 
’primed’ this also may allow the seed to be sown prior to the convergence of suitable sowing conditions.  

Conclusions
Field trials in low rainfall locations in southern Australia and grower experience in low-medium rainfall regions 
of Western Australia have demonstrated the potential for tropical grasses to establish, persist and provide 
valuable summer growth and groundcover. However limited opportunities for effective establishment continue 
to be a major limitation to their widespread uptake.  This study used an interrogation of daily climate data to 
highlight why establishment poses a major limitation and risk in the low rainfall zone; but has also shown that 
establishment opportunities can occur, particularly in localities receiving greater than 350 mm rainfall and 
mostly in September and October. Growers wanting to establish tropical species will need to be prepared to 
take a highly opportunistic approach based on well informed and judicious decisions about current edaphic and 
climatic conditions, as well as those forecast for the near future.  Although this environment is marginal for this 
pasture, this information can be used to develop strategies for increased success of establishment.
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