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Using next-generation sequencing, we have profiled biocrust microbiomes at local and intra-
continental scales across Australia. Our datasets illustrate the natural status of biocrusts and help 
establish informed targets to assess and monitor topsoil recovery. The role of cyanobacteria in the 
formation and maintenance of biocrusts was highlighted. Seasonality of precipitation was identified as 
a key factor affecting biocrust assembly on an intra-continental scale, indicating biocrust restoration 
will rely on employing locally-adapted, endemic strains. In addition, we have isolated key biocrust 
cyanobacteria species and conducted novel microcosm experiments examining the effect of 
Microcoleus sp. and Nostoc sp. on seedling establishment. We performed bio-priming of seeds with 
the indigenous cyanobacteria and showed this had significant positive effects on the germination rates 
of Acacia hilliana and Senna notabilis, two native species used in restoration. Our work highlights the 
importance of biocrusts in drylands and is developing practical approaches for their integration with 
current rehabilitation strategies to enhance ecological outcomes. 
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It is well-established that hydrogen (H2) and methane (CH4) are produced within the anoxic 
environment of termite hindguts as a result of microbial lignocellulose digestion and methanogenesis. 
Termites have been found to emit these gases at vastly different rates, depending on feeding groups 
and species. In contrast, surprisingly little is known about H2 and CH4 turnover from the prospective of 
the oxic environment of mounds and nests that termites live in. Here we present initial results of a 
comprehensive study on H2 and CH4 turnover in termite mounds of Northern Australia. We employed 
a suite of field- and laboratory-based techniques to quantify H2 and CH4 oxidation and identify the 
responsible microbial communities in mounds of two termite species with different mound architectures 
and representing the dominant feeding habits. Mounds appeared to be a sink for atmospheric H2 and 
a source for CH4. However, CH4 emissions were mitigated by microbial CH4 oxidation. Remarkably, 
both methanotrophic and hydrogenotrophic communities were able to utilize a vast range of substrate 
concentration, spanning from the percent range to sub-atmospheric (part per million). While bacterial 
communities appeared to be evenly distributed among different mound locations (core and periphery), 
the methanotrophic community was concentrated in the core and differed according to the mound-
dwelling termite species. The hydrogenotrophic communities appeared to be highly active, with varying 
activity according to mound locations. In conclusion, our results suggest that mound-associated 
microbial communities mitigate emissions of the greenhouse gas CH4 and influence atmospheric 
H2 cycling. 
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Agricultural production in post-mining environments is becoming increasingly important globally as 
many regions are challenged with food security and post-mining land use legacies. Although there are 
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many advantages in pursuing agriculture at post-mining sites, these substrates have abiotic and biotic 
challenges for plant growth, including poor fertility, heavy metals, and a lack of beneficial soil 
microbes. To address the paucity of knowledge about endemic microbes post-phosphate mining on 
Christmas Island, we investigated the microbial assemblages of various post-mining substrates. Soil 
samples were collected from seven sites across the island, ranging from kiln-treated mine waste to 
post-mine soil already under agricultural production. Based on 16S and ITS gene sequence analysis, 
we identified microbial taxa, such as mycorrhizal fungi and rhizobial bacteria, that are likely to benefit 
agricultural production in these soils. These results will inform existing agricultural trials and provide 
insight into the most suitable post-mining environments for successful agriculture on the island. Our 
work also has important implications for other sites transitioning from mining to agriculture. 
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Actinobacteria, Gram+ bacteria with DNA containing a high G+C percentage, represent one of the 
most abundant taxon identified in the soils across a diverse range of ecological regions worldwide. 
Actinobcteria area sought after due to their ability to produce a variety of bioactive metabolites and 
antibiotics, which has been extensively used to improve human and plant health. The abundance and 
distribution of soil actinobacteria is considered to be distinct from other microflora due to their size, 
ability to withstand extreme environments and dispersion abilities. Using the ‘Biomes of Australian Soil 
Environments’ (BASE) project generated database for bacterial (16S) diversity across environmental 
gradients at Australian continental scale, we developed a continental portrait of Australian 
Actinobacterial communities. A total of 20,931,120 high-quality reads were analysed and 197 different 
taxonomical groups (assigned at genus level) were classified as Actinobacteria. At the OTU level, 
6,887 OTUs were found in the studied samples; 24 OTUs (0.003%) showed more than 100,000 reads 
each (frequent OTUs), while 4,624 OTUs (67%) showed less than 1,000 reads each (rare OTUs). The 
most common Actinobacteria families were Actinosynnemataceae, AK1AB1_02E, Frankiaceae, 
Gaiellaceae and Rubrobacteraceae. Extreme environments (cold - North Antarctica; warm – warm 
deserts) showed higher numbers of ‘endemic’ OTUs belonging to the taxa Euzebya, 
Nocardioides, Gaiella, Mycobacterium, Nocardioides, Pseudonocardia, 
Robrobacter and Streptomyces. The most pronounced effects on the composition of Actinobacteria at 
family and genus levels (either in presence or absence of Antarctica data) were associated with pH, 
climate (humidity and annual temperatures) and Ca availability. Additionally, at the OTU level, a 
second level of association was found for region, Koppen climate classification, land use, vegetation 
and soil classification. Although Land use effect was seen at regional and local level, the effects were 
not observed at continental scale. The high similarity between a group of OTUs found in Antarctica 
and King Island could be attributed to geogenic factors and the ability of Actinobacteria to persist in 
the soils for long periods. 
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