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samples, and β-diversity metrics, which calculate the pairwise dissimilarity of 

communities between any two samples. 

  

  
Figure 3.19 Rarefaction curves of the number of ITS OTUs from bulk and rhizosphere 
soils from paired sites at six locations in plant cane with short and long-term 
sugarcane cropping histories at increasing sequence sampling depths. Top left. Three 
2014 locations bulk soil samples; Top right. Three 2014 locations rhizosphere soil 
samples; Bottom left. Three 2015 locations bulk soil samples; Bottom right. Three 
2015 locations rhizosphere soil samples. Locations: A = Airport, B = Belleview, G = 
Gonsoulin, I = Iberia, J = Jefferson, S = St. Gabriel. Cropping history: S = short-term 
cultivation, L = long-term cultivation. Soil niche: B = bulk soil, R = rhizosphere soil. 

 
The α-diversity of individual soil samples contained a small portion of the gamma 
diversity, which represents the total diversity of sugarcane associated microbial 
communities observed in this study. Metagenomes from individual soil samples typically 
consisted of approximately 1/12 of all bacterial and 1/40 of all fungal OTUs contained 
within this study. This metagenomics survey found a greater total number of OTUs than 
a previous study examining bacterial and fungal communities associated with 
endophytic and exophytic compartments of the sugarcane microbiome (De Souza et al 
2016). Here, approximately six times as many bacterial and twice as many fungal OTUs 
were observed. In addition to differences in study design and niches examined, the 
difference in the number of OTUs may also in part reflect the “greedy” nature of the 
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UCLUST algorithm used for OTU picking (Edgar 2010). Given the large OTU to genera 
ratios of prokaryotes and fungi observed in both bulk and rhizosphere soils, many of 
these OTUs belong to the same genera or even the same taxon. Additionally, 
rarefaction curves of ITS and 16S data showed a continued rate of increase in the 
number of OTUs at increasing sample depths. Therefore, the sugarcane associated soil 
metagenomes used in this study apparently contain a large number of low abundance 
OTUs, some of which were excluded following rarefaction. 

  

  
 Figure 3.20. Rarefaction curves of the number of ITS OTUs from bulk and 
rhizosphere soils from paired sites at two locations with short and long-term 
sugarcane cropping histories in plant cane and first ratoon at increasing sequence 
sampling depths. Top left. Gonsoulin location bulk soil samples; Top right. 
Gonsoulin location rhizosphere soil samples; Bottom left. St. Gabriel location bulk 
soil samples; Bottom right. St. Gabriel rhizosphere soil samples. Locations: G = 
Gonsoulin, S = St. Gabriel. Cropping history: S = short-term cultivation, L = long-
term cultivation. Soil niche: B = bulk soil, R = rhizosphere soil. Crop year: P = plant 
cane, R = first ratoon, R2 = first ratoon second sampling. 

 
Numerous low abundance OTUs are unlikely to affect β-diversity metrics that consider 
abundance, such as Bray-Curtis (Bray and Curtis 1957) and weighted UniFrac but could 
affect unweighted UniFrac that is calculated by summation of the total phylogenetic 
distance of OTUs present in only one of a pair of samples (Lozupone and Knight 2005). 
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This was evident in the unweighted UniFrac analysis comparing rhizosphere soils in 
plant cane and first ratoon where none of the factors cropping history, location, or crop 
year significantly affected variation in the OTUs present. In contrast, differences in the 
structure of microbial communities were influenced by all three factors when analyzed 
using Bray-Curtis and weighted UniFrac. This difference in results between the β-
diversity metrics suggests an analysis that equally weights rare and abundant taxa 
across multiple locations, cropping histories and years can result in misleading 
conclusions when there were many rare taxa present in the community. However, 
cropping history and location were related to differences in the structure of microbial 
communities in all plant cane comparisons analyzed with all three β-diversity metrics. 
 

Table 3.15. Pearson's correlation of ITS taxonomic assignment of from forward and 
reverse reads and eleven samples sequenced in both Illumina Miseq runs. 

  Phylum Class Order Family Genus 

Forward and 
reverse reads 

0.8949 0.8926 0.8526 0.8056 0.7391 

Re-sequenced 
samples 

0.8111 0.6683 0.6909 0.7038 0.7107 

 

 
Figure 3.21 Relative abundance of fungal phyla for bulk soils from paired sites in plant 
cane with short and long-term sugarcane cropping histories at six locations. Cropping 
history: S = short-term cultivation, L = long-term cultivation. Locations: A = Airport, B = 
Belleview, G = Gonsoulin, I = Iberia, J = Jefferson, S = St. Gabriel. 
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Figure 3.22 Relative abundance of fungal phyla for rhizosphere soils from paired sites 
in plant cane with short and long-term sugarcane cropping histories at six locations. 
Cropping history: S = short-term cultivation, L = long-term cultivation. Locations: A = 
Airport, B = Belleview, G = Gonsoulin, I = Iberia, J = Jefferson, S = St. Gabriel. 

 
Despite large numbers of low abundance OTUs, 16S amplicon sequencing, and to a 
lesser extent ITS sequencing, exhibited a high level of technical reproducibility. 
Taxonomic assignment of 16S sequences re-sequenced had Pearson’s correlation 
coefficients higher than 0.9 at all levels and re-extracted samples had Pearson’s 
correlation coefficients higher than 0.87. Taxonomic assignments of ITS amplicons from 
re-sequenced samples were lower than 16S data. Differences in Pearson’s correlation 
coefficients between ITS forward and reverse reads and forward reads of samples 
sequenced in two separate MiSeq runs might in part be explained by the stochasticity of 
PCR which can distort the amplicon pool and produce unique low abundance OTUs that 
are not biologically representative of soil microbial communities and are therefore 
difficult to assign taxonomically (Kebschull and Zador 2015). Regardless, differences in 
16S and ITS taxonomic assignments were not significantly different for re-sequenced 
samples at any level. 
 
Visualization of prokaryotic communities through distance-based redundancy analysis 
revealed different clustering patterns for different β-diversity metrics. Both Bray-Curtis 
and unweighted UniFrac produced horseshoe shaped ordination patterns for 
rhizosphere and bulk soil prokaryotic communities from plant cane across all six 
locations. This pattern can occur in ordination of metagenomics data when too few 
similarities exist between samples (Morton et al. 2017). In contrast, the horseshoe 
pattern did not occur in weighted UniFrac. The high levels of dissimilarity in prokaryotic 
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community β-diversity calculated from Bray-Curtis that led to the formation of a 
horseshoe clustering pattern were likely reduced in weighted UniFrac through the 
incorporation of phylogenetic distance. This suggests the difference in results between 
these two β-diversity metrics was driven by differences in abundant OTUs that were 
closely related to each other. Closely related OTUs may represent redundant OTUs in 
16S dataset, something that would be expected when considering the high ratio of 
OTUs to genera. The high level of dissimilarity in unweighted UniFrac β-diversity was 
probably due to variation in the presence and absence of the large number of low 
abundance OTUs. This high level of dissimilarity was minimized in weighted UniFrac by 
factoring in the abundance of OTUs. Further, the horseshoe pattern was not observed 
in ordinations that only included the two locations sampled in plant cane and first ratoon. 
This suggests datasets that include a large number of low abundance OTUs associated 
with samples collected at multiple, specific locations may be poorly suited to unweighted 
UniFrac analysis. 
 

 
Figure 3.23 Relative abundance of fungal phyla for bulk soils from paired sites with 
short and long-term sugarcane cropping histories sampled in plant cane and first 
ratoon. Cropping history: S = short-term cultivation, L = long-term cultivation. 
Locations: G = Gonsoulin, S = St. Gabriel, Crop year: P = plant cane, R = first ratoon, 
R2= first ratoon second sampling. 

 
Distance-based redundancy analysis of prokaryotic communities in plant cane and first 
ratoon produced very different ordinations using different β-diversity metrics, but 
produced similar ordinations for bulk and rhizosphere communities when using the 
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same β-diversity metric. All ordinations separated communities by location along axis 1. 
Weighted UniFrac ordination of both bulk and rhizosphere prokaryotic communities 
visualized differences between plant cane and first ratoon along axis 2 regardless of 
cropping history, whereas Bray-Curtis ordinations for both soil niches and bulk soil 
unweighted UniFrac ordination separated communities based on cropping history. 
These opposing results in β-diversity ordinations may be due to fluctuation in 
proportions of broad level taxa between plant cane and first ratoon crops that influenced 
the outcome for unweighted UniFrac compared to long-term changes in prokaryotic 
community structure under continuous sugarcane cultivation occurring as changes in 
large numbers of more closely related OTUs that influenced β-diversity determined by 
Bray-Curtis and bulk soil unweighted UniFrac.     
 

 
 

Figure 3.24 Relative abundance of fungal phyla for rhizosphere soils from paired sites 
with short and long-term sugarcane cropping histories sampled in plant cane and first 
ratoon. Cropping history: S = short-term cultivation, L = long-term cultivation. 
Locations: G = Gonsoulin, S = St. Gabriel, Crop year: P = plant cane, R = first ratoon, 
Fa= first ratoon, R2= first ratoon second sampling. 

 
Because distance-based redundancy analysis of prokaryotic weighted UniFrac primarily 
clustered communities by location, co-plotting of environmental variables (Chapter 2) 
suggested community structure is influenced by soil factors, such as pH, nutrient 
availability, and texture in a location-dependent manner. In plant cane bulk soils, 
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similarities in prokaryotic community structure at the Airport, Belleview, and Gonsoulin 
locations were consistently associated with higher soil pH. At the Airport and Gonsoulin 
locations, communities associated with short and long-term cropping histories were 
indistinguishable. These same three locations also grouped together in fatty acid methyl 
ester profile ordinations and were similarly correlated with high soil pH (Chapter 2). 
These results suggest that soil pH strongly influenced prokaryotic community structure 
in bulk soil across locations. Other environmental variables correlated with differences 
in ordination of community structure based on location or on cropping history within a 
single location. The prokaryotic community at the Jefferson location under short-term 
cultivation was separated from all other communities. This location had the lowest pH 
(Chapter 2), but the unique prokaryotic community associated short-term cultivation was 
correlated with manganese availability in this analysis. The Iberia location was 
correlated with higher soil organic matter and potassium in short-term and greater clay 
content in the long-term cultivation soil. Other soil properties, such as soluble salts, iron, 
ammonium, and silt, had ambiguously placed vectors with respect to prokaryotic 
community ordinations, and their relation to prokaryotic community structure was less 
clear. 
 

Table 3.16. Fungal families more associated with bulk soils under short-term 
sugarcane cultivation than long-term cultivation (p < 0.05) and their abundance and 
relative rank among families for each cropping history. 

 
Short-term cropping 

history 
Long-term cropping 

history 

Family 
Proportion 
of fungal  

community 

Rank 
among 
families 

Proportion 
of fungal  

community 

Rank 
among 
families 

Nectriaceae 0.034418 4 0.020255 12 

Sordariales 0.022256 8 0.009644 26 

Pleosporaceae 0.020065 10 0.004534 37 

Microascaceae 0.015269 15 0.000114 182 

Lentitheciaceae 0.012608 20 0.000542 116 

Magnaporthaceae 0.010354 24 0.002133 62 

Archaeorhizomycetaceae 0.011776 22 0.000130 173 

Entorrhizaceae 0.001779 75 0.000076 204 

Schizosaccharomycetaceae 0.001039 97 0.000002 285 

Claroideoglomeraceae 0.000820 108 0.000132 171 

Sebacinales Group B 0.000793 109 0.000085 199 

Sordariomycetes Incertae sedis 0.000441 135 0.000029 241 

Boliniaceae 0.000450 133 0.000000 na 

Onygenaceae 0.000195 170 0.000025 245 

Venturiales unidentified 0.000143 184 0.000000 na 

Trichomonascaceae 0.000094 209 0.000000 na 

Rhizophlyctidaceae 0.000081 214 0.000000 na 

Albatrellaceae 0.000060 227 0.000000 na 
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Ordinations of soils from plant cane and first ratoon revealed largely location specific 
differences in the relationship between community structure and soil properties. Co-
plotted environmental variables for bulk soil Bray-Curtis and unweighted UniFrac 
ordinations indicated shared features of prokaryotic communities in short-term 
cultivation soils were correlated with greater sulfur and zinc content. Co-plotting of the 
environmental variables with weighted UniFrac ordination showed greater availability of 
sodium and manganese correlated with first ratoon communities. 

Table 3.17. Fungal families more associated with bulk soils under long-term sugarcane 
cultivation than short-term cultivation (p < 0.05) and their abundance and relative rank 
among families for each cropping history. 

 

Short-term cropping 
history 

Long-term cropping 
history 

Family 
Proportion 
of fungal  

community 

Rank 
among 
families 

Proportion 
of fungal  

community 

Rank 
among 
families 

Chaetomiaceae 0.019503 11 0.098098 2 

Mortierellaceae 0.027912 7 0.046263 4 

Sporormiaceae 0.015468 14 0.047489 3 

Tubeufiaceae 0.007204 35 0.027442 6 

Tremellomycetes unidentified 0.003761 51 0.025426 7 

Piskurozymaceae 0.000168 176 0.017413 13 

Cystofilobasidiaceae 0.000345 146 0.015766 16 

Coniochaetaceae 0.000148 182 0.007209 28 

Orbiliaceae 0.002713 61 0.004581 36 

Phallaceae 0.000515 125 0.004131 39 

Chaetosphaeriaceae 0.000276 160 0.003743 44 

Capnodiaceae 0.000119 195 0.003595 46 

Clavulinaceae 0.000914 101 0.002263 61 

Lipomycetaceae 0.000296 158 0.001682 71 

Sporidiobolales unidentified 0.000311 153 0.001577 73 

Atheliaceae 0.000367 143 0.001452 77 

Togniniaceae 0.000166 177 0.001476 75 

Xenasmataceae 0.000374 142 0.001066 87 

Ophiostomataceae 0.000204 169 0.001015 88 

Debaryomycetaceae 0.000190 171 0.000921 93 

Geoglossaceae 0.000038 242 0.000836 98 

Cryphonectriaceae 0.000000 na 0.000867 96 

Legeriomycetaceae 0.000034 250 0.000773 101 

Cephalothecaceae 0.000112 201 0.000428 133 

Orbiliales unidentified 0.000025 258 0.000251 150 

 
While ordination of fungal β-diversity in plant cane at six locations explained less of the 
constrained variation than prokaryotic β-diversity ordinations, communities of bulk and 
rhizosphere soils from all locations loosely clustered based on cropping history. Lower 
total variance in distance-based redundancy analysis may be due to differences in 
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community structure between locations not being as well represented in the ordination. 
In bulk soils, fungal communities associated with long-term sugarcane cultivation 
clustered more closely than communities under short-term cultivation. In plant cane 
rhizosphere soils, short-term cultivation communities were more closely clustered with 
the exception of the St. Gabriel location, where the fungal community under long-term 
cultivation appeared to share characteristics with communities from recently cultivated 
soils at other locations. Distance-based redundancy analysis of rhizosphere and bulk 
soils from locations resampled during first ratoon distinguished fungal communities by 
location and crop year along axis 1 and cropping history along axis 2, though this 
pattern was less clear in rhizosphere soils. 
 
Table 3.18. Fungal genera more associated with bulk soils under short-term sugarcane 
cultivation than long-term cultivation (p < 0.05) and their abundance and relative rank 
among genera for each cropping history.  

Short-term cropping 
history 

Long-term cropping 
history 

Genus 
Proportion 
of fungal  

community 

Rank 
among 
genera 

Proportion 
of fungal  

community 

Rank 
among 
genera 

Sordariales unidentified 0.022256 6 0.009644 24 

Fusarium 0.014821 10 0.003853 42 

Archaeorhizomyces 0.011776 13 0.000130 294 

Scedosporium 0.011561 14 0.000056 390 

Lentitheciaceae unidentified 0.005007 42 0.000007 546 

Clitopilus 0.004503 50 0.000260 222 

Alternaria 0.003132 61 0.000739 137 

Pseudallescheria 0.002717 67 0.000029 455 

Preussia 0.002592 70 0.000141 285 

Robillarda 0.002552 71 0.000000 na 

Phialophora 0.002231 75 0.000184 259 

Chlorophyllum 0.002052 81 0.000018 493 

Clavicipitacea unidentified 0.001893 87 0.000040 421 

Ganoderma 0.001651 97 0.000269 219 

Tomentella 0.001523 103 0.000087 350 

Talbotiomyces 0.001543 101 0.000054 395 

Pseudophialophora 0.001006 125 0.000105 321 

Schizosaccharomyces 0.001039 123 0.000002 599 

Arachnion 0.000925 131 0.000000 na 

Pleosporales unidentified 0.000865 136 0.000000 na 

Clonostachys 0.000789 144 0.000036 431 

Peziza 0.000609 171 0.000141 286 

Halosphaeriaceae unidentified 0.000739 151 0.000000 na 

Microdochium 0.000735 152 0.000000 na 

Thanatephorus 0.000390 208 0.000000 na 
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Table 3.19. Fungal genera more associated with bulk soils under long-term sugarcane 
cultivation than short-term cultivation (p < 0.05) and their abundance and relative rank 
among genera for each cropping history.  

Short-term cropping 
history 

Long-term cropping 
history 

Genus 
Proportion 
of fungal  

community 

Rank 
among 
genera 

Proportion 
of fungal  

community 

Rank 
among 
genera 

Sporormiaceae unidentified 0.005685 35 0.039220 3 

Helicoma 0.006548 33 0.026310 6 

Chaetomium 0.005632 36 0.024379 8 

Tremellomycetes unidentified 0.003761 57 0.025426 7 

Solicoccozyma 0.000168 301 0.017287 12 

Guehomyces 0.000159 307 0.015473 13 

Lasiosphaeris 0.000002 647 0.007903 27 

Lecythophora 0.000148 312 0.007032 28 

Mariannaea 0.000195 285 0.003909 40 

Leptoxyphium 0.000119 344 0.003595 45 

Orbiliaceae unidentified 0.000603 173 0.002825 53 

Metarhizium 0.000497 188 0.002352 62 

Clathrus 0.000078 402 0.002657 57 

Clavulinaceae unidentified 0.000721 155 0.001664 78 

Chloridium 0.000146 314 0.002198 64 

Lipomyces 0.000296 248 0.001682 76 

Sporidiobolales unidentified 0.000311 238 0.001577 82 

Spirosphaera 0.000000 na 0.001682 77 

Rhexoacrodictys 0.000054 446 0.001602 81 

Phaeoacremonium 0.000166 304 0.001476 87 

Unidentifed Atheliaceae 0.000007 605 0.001127 100 

Priceomyces 0.000190 292 0.000921 119 

Ijuhya 0.000049 462 0.000939 116 

Trichoglossum 0.000038 496 0.000831 122 

Cylindrotrichum 0.000002 646 0.000750 133 

 
Similarities in community structure based on cropping history across all locations and 
crop years sampled suggest that fungi are likely involved in the whole soil microbial 
community effect associated with yield decline in soils under continuous sugarcane 
cultivation. The detrimental effects of fungi associated with long-term sugarcane 
cultivation previously demonstrated by the positive plant growth response to mancozeb 
(Magarey et al. 1997a), the association and pathogenicity of sterile, dematiaceous fungi 
(Magarey and Croft 1995), and higher endophytic root colonization by fungi (Chapter 2) 
considered together with the current results support the concept that fungi play a major 
role in yield decline.   
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Because ordinations of fungal communities clustered based on cropping history, co-
plotting of environmental variables (Chapter 2) was able to reveal a number of soil 
nutrients for which availability correlates with changes in fungal communities due to 
long-term sugarcane cultivation. Fungal community structure in short-term sugarcane 
production was associated with higher soil organic matter, sulfur, zinc, copper, and soil 
extracellular enzyme activities in one set of locations and zinc, soluble salts, silt, and 
nitrate in another. Similar to Bray-Curtis and unweighted UniFrac ordinations in 
prokaryotic communities, fungal communities in recently cultivated soils from both plant 
cane and first ratoon were correlated with greater sulfur and zinc content.  
 
Table 3.20. Fungal families more associated with rhizosphere soils under short-term 
sugarcane cultivation than long-term cultivation (p < 0.05) and their abundance and 
relative rank among families for each cropping history.  

Short-term cropping 
history 

Long-term cropping 
history 

Family 
Proportion of 

fungal  
community 

Rank 
among 
families 

Proportion of 
fungal  

community 

Rank 
among 
families 

Nectriaceae 0.029783 7 0.010390 21 

Pleosporaceae 0.014599 13 0.008078 25 

Agaricomycetes unidentified 0.011971 19 0.008418 24 

Bolbitiaceae 0.012688 15 0.005594 35 

Archaeorhizomycetaceae 0.016476 12 0.000179 159 

Ascobolaceae 0.008999 28 0.003094 46 

Saccharomycetales Incertae sedis 0.009953 25 0.000670 108 

Microascaceae 0.007986 29 0.000397 129 

Blastocladiaceae 0.007294 32 0.000376 131 

Agaricaceae 0.004711 43 0.000235 148 

Magnaporthaceae 0.003649 51 0.000871 98 

Lentitheciaceae 0.002984 59 0.000560 115 

Ambisporaceae 0.003125 56 0.000260 138 

Basidiomycota unidentified 0.001286 88 0.000948 92 

Sordariomycetes Incertae sedis 0.001761 71 0.000101 181 

Sebacinales Group B 0.000952 99 0.000867 99 

Hymenochaetaceae 0.000889 101 0.000289 137 

Olpidiales unidentified 0.000482 125 0.000000 na 

Archaeosporaceae 0.000417 133 0.000000 na 

Buckleyzymaceae 0.000370 138 0.000000 na 

Vibrisseaceae 0.000358 141 0.000000 na 

Archaeosporales unidentified 0.000341 144 0.000016 239 

Claroideoglomeraceae 0.000208 165 0.000108 175 

Glomerellaceae 0.000202 167 0.000000 na 

Metschnikowiaceae 0.000168 178 0.000020 233 
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Table 3.21. Fungal families more associated with rhizosphere soils under long-term 
sugarcane cultivation than long-term cultivation (p < 0.05) and their abundance and 
relative rank among families for each cropping history.  

Short-term cropping 
history 

Long-term cropping 
history 

Family 
Proportion of 

fungal  
community 

Rank 
among 
families 

Proportion of 
fungal  

community 

Rank 
among 
families 

Hypocreaceae 0.009319 27 0.043266 3 

Sporormiaceae 0.012668 16 0.025672 7 

Tubeufiaceae 0.011281 21 0.024892 10 

Tremellomycetes unidentified 0.004449 45 0.025152 9 

Sordariaceae 0.001602 75 0.012950 18 

Piskurozymaceae 0.000363 140 0.009554 23 

Cystofilobasidiaceae 0.000159 182 0.007899 26 

Capnodiaceae 0.000087 212 0.005853 33 

Coniochaetaceae 0.000105 202 0.004597 40 

Clavulinaceae 0.001205 91 0.002319 51 

Lophiostomataceae 0.001584 76 0.001707 68 

Sporidiobolales unidentified 0.000112 198 0.002867 47 

Chaetosphaeriaceae 0.000390 136 0.001906 59 

Sebacinales_Group_B 0.000952 99 0.000867 99 

Ophiostomataceae 0.000166 179 0.001254 80 

Xenasmataceae 0.000175 176 0.001098 85 

Mytilinidiaceae 0.000349 143 0.000918 93 

Lipomycetaceae 0.000027 260 0.000874 97 

Geoglossaceae 0.000004 286 0.000509 121 

Lyophyllaceae 0.000000 na 0.000511 119 

Cryphonectriaceae 0.000000 na 0.000155 165 

Cunninghamellaceae 0.000034 250 0.000004 266 

Lindgomycetaceae 0.000002 296 0.000018 238 

Verrucariaceae 0.000000 na 0.000011 247 

 
Maximum correlation of fungal β-diversity ordinations, in conjunction with trends in soil 
nutrient data (Chapter 2), suggest changes in fungal community structure due to 
cropping history coincide with depletions in specific soil nutrients based on location. 
Similar reports of location specific depletion of soil nutrients associated with long-term 
sugarcane cultivation have been reported elsewhere (Bramley et al. 1996, Wood 1985).  
Whether these changes in soil chemical properties directly affect plant health or 
indirectly affect it by leading to changes in fungal community structure that are 
detrimental to sugarcane yields in unclear, but long-term sugarcane monoculture 
appears to affect both as productive capacity decreases. 
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Table 3.22. Fungal genera more associated with rhizosphere soils under short-term 
sugarcane cultivation than long-term cultivation (p < 0.05) and their abundance and 
relative rank among genera for each cropping history.  

Short-term cropping 
history 

Long-term cropping 
history 

Genus 
Proportion 
of fungal  

community 

Rank 
among 
genera 

Proportion 
of fungal  

community 

Rank 
among 
genera 

Fusarium 0.017993 10 0.003810 42 

Agaricomycetes unidentified 0.011971 13 0.008418 22 

Archaeorhizomyces 0.016476 11 0.000179 241 

Ascobolus 0.008911 23 0.003094 49 

Conocybe 0.011864 14 0.000038 395 

Naganishia 0.009541 19 0.000000 na 

Allomyces 0.006154 31 0.000291 198 

Scedosporium 0.006181 30 0.000101 300 

Ambispora 0.003087 57 0.000260 203 

Aspergillus 0.001913 73 0.000618 146 

Lentitheciaceae unidentified 0.001938 72 0.000195 234 

Pseudophialophora 0.001866 75 0.000002 547 

Entoloma 0.001044 117 0.000493 162 

Clavicipitaceae unidentified 0.001326 95 0.000170 244 

Amaurodon 0.001322 97 0.000000 na 

Clonostachys 0.001299 99 0.000000 na 

Agaricaceae unidentified 0.001221 109 0.000000 na 

Xylariaceae unidentified 0.001073 114 0.000065 349 

Pseudallescheria 0.000860 138 0.000186 237 

Blastocladiella 0.000894 133 0.000085 317 

Cochliobolus 0.000905 132 0.000043 388 

Tricharina 0.000887 134 0.000002 549 

Hydropus 0.000757 152 0.000000 na 

Chlorophyllum 0.000500 179 0.000078 327 

Olpidiales unidentified 0.000482 181 0.000000 na 

 
Analyses comparing prokaryotic and fungal α-diversity in soils under short and long-
term sugarcane cultivation revealed differences in taxonomic composition in both phyla 
and genera. In plant cane, only lower abundance phyla varied by cropping history, such 
as Glomeromycota’s greater abundance in recently cultivated rhizosphere soils. 
Although, these higher populations of arbuscular mycorrhizal fungi or conversely 
reduced populations in long-term cultivation soils could be related to differences in plant 
growth. With respect to broad prokaryotic taxa that varied by cropping history, 
actinobacteria were more abundant in soils with short-term cropping histories. Previous 
research has documented actinobacteria as more abundant in recently cultivated or 
nearby non-agricultural soils than in soils under long-term sugarcane production 
(Savario and Hoy 2010; Magarey et al. 1997b). Actinobacteria commonly produce 
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antibiotic compounds and are candidate antagonists towards plant pathogens capable 
of suppressing disease (Garbeva et al. 2004). Further, actinobacteria found in 
sugarcane soils in Louisiana have been reported to commonly have antibiotic activity 
towards known root pathogens, such as Pythium arrhenomanes (Cooper and Chilton 
1950, Hoy and Schneider 1988a). While overall prokaryotic community structure may 
not be consistently affected by long-term sugarcane cultivation, consistent changes in 
certain taxa competitive or antagonistic to fungi could contribute to the changes in 
fungal community structure associated with sugarcane monoculture. 
 
Table 3.23. Fungal genera more associated with rhizosphere soils under long-term 
sugarcane cultivation than long-term cultivation (p < 0.05) and their abundance and 
relative rank among genera for each cropping history. 

 

Short-term cropping 
history 

Long-term cropping 
history 

Genus 
Proportion 
of fungal  

community 

Rank 
among 
genera 

Proportion 
of fungal  

community 

Rank 
among 
genera 

Trichoderma 0.009104 22 0.042899 3 

Helicoma 0.010786 17 0.023896 8 

Tremellomycetes unidentified 0.004449 41 0.025152 5 

Sporormiaceae unidentified 0.002538 66 0.023459 9 

Chaetomium 0.004447 42 0.013992 15 

Sordaria 0.001501 88 0.012836 17 

Pseudorobillarda 0.000058 449 0.011248 18 

Solicoccozyma 0.000363 210 0.009496 21 

Guehomyces 0.000069 424 0.007769 23 

Leptoxyphium 0.000087 388 0.005853 30 

Lecythophora 0.000034 495 0.004382 40 

Lasiosphaeris 0.000020 544 0.003463 47 

Sporidiobolales unidentified 0.000112 353 0.002867 50 

Clavulinaceae unidentified 0.000325 227 0.001340 79 

Rhexoacrodictys 0.000085 396 0.001420 76 

Xenasmatella 0.000175 296 0.001098 98 

Taeniolella 0.000349 215 0.000918 114 

Clitocybula 0.000000 na 0.001254 85 

Stropharia 0.000016 554 0.001205 89 

Priceomyces 0.000186 285 0.000972 110 

Lipomyces 0.000027 516 0.000874 119 

Ijuhya 0.000034 496 0.000804 126 

Chloridium 0.000020 543 0.000750 135 

Parasarcopodium 0.000009 590 0.000641 145 

Sporothrix 0.000000 na 0.000569 154 

 
Broad prokaryotic and fungal taxa tended to vary more greatly with the crop year rather 
than cropping history. Large decreases in proteobacteria and ascomycetes and 
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increases in basidiomycetes were detected from plant cane to first ratoon in soils under 
both short and long-term cultivation. These results were further supported by 
differences in β-diversity metrics, particularly weighted UniFrac ordinations separating 
communities by crop year as dissimilarity increases with phylogenetic distance of OTUs. 
In general, microbial communities tended to vary at broad taxonomic levels between 
plant cane and first ratoon, while the composition of taxa within broad taxonomic groups 
changed with long-term sugarcane cultivation. 
 
Table 3.24. ANOVA p-values for factors affecting pair-wise dissimiilarity of Bray-Curtis 
distance matrix for ITS metagenomic community composition for bulk soil from paired 
sites with short and long-term sugarcane cropping histories at six locations. 

 Bray-Curtis 

Cropping history 0.001 

Location 0.001 

Cropping history x Location 0.006 

 
 

 
 
Figure 3.25 Distance-based redundancy analysis of Bray-Curtis distance matrix of ITS 
fungal OTUs for bulk soils from paired sites in plant cane with short and long-term 
sugarcane cropping histories at six locations. Cropping history: S = short-term 
cultivation, L = long-term cultivation. Locations: A = Airport, B = Belleview, G = 
Gonsoulin, I = Iberia, J = Jefferson, S = St. Gabriel. 

 
Previous efforts to unravel the etiology of yield decline have largely focused on 
culturable microorganisms. While amplicon-based metagenomics allows for the 
incorporation of previously uncultured taxa into studies, database identification is still 
somewhat limited by culturable taxa. Taxonomic assignment of prokaryotic OTUs 
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resulted in a large numbers of uncultured accessions from the SILVA 128 database 
(Quast et al. 2012). Taxonomic assignment of ITS OTUs led to a large proportion of the 
fungal community being classified as unidentified fungi, and many additional OTUs were 
classified as unidentified at the genus level. Unidentified fungi may represent 
unclassified dematiaceous fungi, possibly the pathogenic dark, sterile fungi previously 
associated with root colonization and reduced yields under long-term sugarcane 
cultivation (Magarey et al. 2005). These fungi are unlikely to be well represented in the 
UNITE database (Abarenkov et al. 2010). While challenges in taxonomic identification 
do not affect β-diversity analysis where taxonomic identity of OTUs is not required, 
unidentified taxa complicate and limit interpretation of α-diversity comparisons. 
 

 
 
Figure 3.26 Distance-based redundancy analysis of Bray-Curtis distance matrix of ITS 
fungal OTUs for bulk soils from paired sites in plant cane with short and long-term 
sugarcane cropping histories at six locations with maximum correlation of soil and 
nutrient environmental variables  plotted as vectors (p < 0.05).  Locations: A = Airport, 
B = Belleview, G = Gonsoulin, I = Iberia, J = Jefferson, S = St. Gabriel. Variables: 
NO3 = nitrate, NAGase = N-Acetyl-β-D-glucosaminidase, gluco = β-glucosidase, SOM 
= soil organic matter. 

 
In order to identify candidate taxa that are associated with yield decline either as taxa 
beneficial to sugarcane growth that decrease under long-term cultivation or deleterious 
taxa that increase during continuous cultivation, taxa significantly more associated with 
either cropping history were sorted by their abundance. In most cases, taxa more 
commonly associated with a short or long-term sugarcane cropping history tended to be 
relatively low in abundance based on their relative rank among taxa. The small subset 
of abundant taxa that were more commonly associated with short or long-term cropping 
histories could play large roles in yield differences associated with cropping history. 
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Table 3.27. ANOVA p-values for factors affecting pair-wise dissimiilarity of Bray-Curtis 
distance matrix for ITS metagenomic community composition for rhizosphere soils 
from two paired sites with short and long-term sugarcane cropping histories in plant 
cane and first ratoon. 

  
Bray-Curtis 

Cropping history 0.001 

Location 0.001 

Crop year 0.001 

Cropping history x Location 0.001 

Cropping history x Crop year 0.033 

Location x Crop year NS 

Cropping history x Location x Crop year NS 

α = 0.05. NS = not significant. 
 

 
Figure 3.30. Distance-based redundancy analysis of Bray-Curtis distance matrix of ITS 
fungal OTUs for rhizosphere soils from paired sites with short and long-term sugarcane 
cropping histories sampled in plant cane and first ratoon. Cropping history: S = short-
term cultivation, L = long-term cultivation. Locations: G = Gonsoulin, S = St. Gabriel, 
Crop year: P = plant cane, R= first ratoon first sampling, R2= first ratoon second 
sampling. 
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Chapter 4: Conclusions 
 

 Yield component estimates were generally higher in recently cultivated soils than 

soil under long-term sugarcane cultivation. 

 

 Soil nutrients were generally greater in soils with a short-term sugarcane 

cultivation history than their long-term cropping history counterparts, but they 

varied in a location-dependent manner. 

o Soil organic matter, iron and calcium were greater in short-term cultivation 

at four of six locations. 

o Copper and sodium were greater in short-term cultivation at three of six 

locations. 

 

 Soil extracellular enzyme activities were greater in short-term cultivation soils 

when differences between cropping histories were observed. 

o N-acetyl-β-glucosaminidase was greater in short-term cultivation at three 

of six locations, and β-glucosidase was greater at two of six locations. 

 

 Quantification of stained roots revealed more extensive colonization by fungal 

endophytes in soils with a long-term sugarcane cropping history. 

 

 Analysis of fatty acid methyl ester biomarkers revealed differences in soil 

microbial community structure based primarily on location but also cropping 

history.  

 

 Maximum correlation of fatty acid methyl ester profile distance-based redundancy 

analysis revealed high soil pH strongly influenced bulk soil microbial community 

structure at three of six locations. 

o Similar results were obtained for maximum correlation of pH with β-

diversity ordinations of 16S prokaryotic communities in bulk soils. 

 

 An amplicon-based metagenomics analysis of prokaryotic and fungal 

communities in bulk and rhizosphere soils from paired sites with short and long-

term sugarcane cultivation histories identified members and detected differences 

in the structure of the microbial communities based on cropping history, location 

and additional factors. 

 

 Distance-based redundancy analysis of prokaryotic β-diversity revealed 

community structure was primarily influenced by location. 

o Differences in distance-based redundancy analysis of prokaryotic 

communities using different β-diversity metrics revealed greater 

fluctuations in the proportions of phyla between plant cane and first ratoon 
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and greater changes in the composition of phyla between short and long-

term cropping histories. 

 

 Distance-based redundancy analysis of fungal β-diversity revealed community 

structure was primarily influenced by cropping history suggesting fungi play a 

major role in the yield decline associated with cropping history. 

o Maximum correlation of fungal community structure in recently cultivated 

bulk soils with environmental variables revealed associations with soil 

organic matter, sulfur, iron, copper, and soil extracellular activities in one 

set of locations and zinc, soluble salts, silt, and nitrate in another set. 

 

 α-diversity comparisons of prokaryotic and fungal communities revealed subsets 

of the community more commonly associated with both short and long-term 

sugarcane cropping histories. 

o 107 prokaryotic genera and 37 fungal genera in bulk soils and 97 

prokaryotic genera and 46 fungal genera in rhizosphere soils were more 

associated with short-term sugarcane cultivation. 

o 117 prokaryotic genera and 58 fungal genera in bulk soils and 94 

prokaryotic genera and 40 fungal genera in rhizosphere soils were more 

associated with long-term sugarcane cultivation. 

o Notable genera more commonly associated with short-term cultivation 

included Bacillus and Fusarium, while genera more associated with long-

term cultivation included Burkholderia and Trichoderma. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



96 
 

References 
 

Abarenkov, K., Henrik Nilsson, R., Larsson, K.H., Alexander, I.J., Eberhardt, U., Erland, 

S., Høiland, K., Kjøller, R., Larsson, E., Pennanen, T., Sen, R. 2010. The UNITE 

database for molecular identification of fungi–recent updates and future 

perspectives. New Phytol. 186, 281-285. 

 

Alabouvette, C., Lemanceau, P., Steinberg, C., 1993. Recent advances in the biological 

control of Fusarium wilts. Pest Manag. Sci. 37, 365-373. 

Apprill, A., McNally, S., Parsons, R., Weber, L., 2015. Minor revision to V4 region SSU 

rRNA 806R gene primer greatly increases detection of SAR11 bacterioplankton. 

Aquat. Microb. Ecol. 75, 129-137. 

 

Altschul, S.F., Gish, W., Miller, W., Myers, E.W., Lipman, D.J., 1990. Basic local 

alignment search tool. J. Mol. Biol. 215, 403-410. 

 

Aronesty, E., 2013. Comparison of sequencing utility programs. Open Bioinform. J. 7, 1-

8. 

Badri, D.V., Weir, T.L., van der Lelie, D., Vivanco, J.M., 2009. Rhizosphere chemical 

dialogues: plant–microbe interactions. Curr. Opin. Biotechnol. 20, 642-650. 

 

Baker, D.E., Amacher, M.C., 1982. Nickel, copper, zinc and cadmium. In: Page, A.L., 

Miller, R.H.,Keeney, D.R. (Eds.), Methods of Soil Analysis, Chemical and 

Microbiological Properties. ASA Inc. Publishers, NY, USA, pp. 323–336. 

 

Bandick, A.K., Dick, R.P., 1999. Field management effects on soil enzyme activities. 

Soil Biol. and Biochem. 31, 1471-1479. 

 

Barazani, O.Z., Friedman, J., 1999. Allelopathic bacteria and their impact on higher 

plants. Crit. Rev. in Plant Sci. 18, 741-755. 

 

Barrow, J., & Aaltonen, R., 2001. Evaluation of the internal colonization of Atriplex 

canescens (Pursh) Nutt. roots by dark septate fungi and the influence of host 

physiological activity. Mycorrhiza 11, 199-205. 

 

Bennett, A.J., Bending, G.D., Chandler, D., Hilton, S., Mills, P., 2012. Meeting the 

demand for crop production: the challenge of yield decline in crops grown in short 

rotations. Biol. Rev. 87, 52-71. 

 

Berg, G., Smalla, K., 2009. Plant species and soil type cooperatively shape the 
structure and function of microbial communities in the rhizosphere. FEMS 
Microbiol. Ecol. 68, 1-13. 

 



97 
 

Blackwell, M., 2011. The Fungi: 1, 2, 3… 5.1 million species? Am. J. Bot. 98, 426-438. 

 

Bond, J.P., McGawley, E.C., Hoy, J.W., 2000. Distribution of plant-parasitic nematodes 

on sugarcane in Louisiana and efficacy of nematicides. J. Nematol. 32, 493-501. 

 

Bramley, R.G.V., Ellis, N., Nable, R.O., Garside, A.L., 1996. Changes in soil chemical 

properties under long-term sugar cane monoculture and their possible role in 

sugar yield decline. Soil Res. 34, 967-984. 

Bray, J.R., Curtis, J.T., 1957. An ordination of the upland forest communities of 

southern Wisconsin. Ecol. Monogr. 27, 325-349. 

Broeckling, C.D., Broz, A.K., Bergelson, J., Manter, D.K., Vivanco, J.M., 2008. Root 

exudates regulate soil fungal community composition and diversity. Appl. and 

Environ. Microbiol. 74, 738-744. 

 

Buyer, J.S., Drinkwater, L.E., 1997. Comparison of substrate utilization assay and fatty 

acid analysis of soil microbial communities. J. Microbiol. Methods 30, 3-11. 

 

Caporaso, J.G., Kuczynski, J., Stombaugh, J., Bittinger, K., Bushman, F.D., Costello, 

E.K., Fierer, N., Pena, A.G., Goodrich, J.K., Gordon, J.I., Huttley, G.A., Kelley, 

S.T., Knights, D., Koenig, J.E., Ley, R.E., Lozupone, C.A., McDonald, D., 

Muegge, B.D., Pirrung, M., Reeder, J., Sevinsky, J.R., Turnbaugh, P.J., Walters, 

W.A., Widmann, J., Yatsunenko, T., Zaneveld, J., Knight, R., 2010. QIIME allows 

analysis of high-throughput community sequencing data. Nat. Methods 7, 335-

336. 

 

Caporaso, J.G., Lauber, C.L., Walters, W.A., Berg-Lyons, D., Huntley, J., Fierer, N., 

Owens, S.M., Betley, J., Fraser, L., Bauer, M., Gormley, N., Gilbert, J.A., Smith, 

G., Knight, R., 2012. Ultra-high-throughput microbial community analysis on the 

Illumina HiSeq and MiSeq platforms. ISME J. 6, 1621-1624. 

 

Cavigelli, M.A., Robertson, G.P., Klug, M.J., 1995. Fatty acid methyl ester (FAME) 

profiles as measures of soil microbial community structure. Plant and soil 170, 

99-113. 

 

Cooper, W., Chilton, S., 1950. Studies on antibiotic soil organisms. I. Actinomycetes 

antibiotic to Pythium arrhenomanes in sugar-cane soils of Louisiana. 

Phytopathol. 40, 544-552. 

Croft, B., Reghenzani, J., Hurney, A.P., 1984. Northern poor root syndrome of 

sugarcane-studies on soil transmission and the effects of various fungicidal, 

nutritional and agronomic treatments. Proc. Aust. Soc. Sugar Cane Technol. 6, 

69-79. 

 



98 
 

Croft, B.J., 2000. Fusarium sett or stem rot. In: Rott, P., Bailey, R.A., Comstock, J.C., 

Croft, B.J., Saumtally, A.S. (Eds.). A Guide to Sugarcane Diseases, CIRAD, 

Montpellier, France, pp. 107-110. 

 

De Souza, R.S.C., Okura, V.K., Armanhi, J.S.L., Jorrín, B., Lozano, N., Da Silva, M.J., 

González-Guerrero, M., De Araújo, L.M., Verza, N.C., Bagheri, H.C., 2016. 

Unlocking the bacterial and fungal communities assemblages of sugarcane 

microbiome. Sci. Rep. 6, 28774. 

 

Dissanayake, N., Hoy, J.W., 1999. Organic material soil amendment effects on root rot 

and sugarcane growth and characterization of the materials. Plant Dis. 83, 1039-

1046. 

 

Eberl, L., Vandamme, P., 2016. Members of the genus Burkholderia: good and bad 

guys. F1000Research 5, 1007. 

 

Edgar, R.C., 2010. Search and clustering orders of magnitude faster than BLAST. 

Bioinform. 26, 2460-2461. 

 

Edgar, R.C., Haas, B.J., Clemente, J.C., Quince, C., Knight, R., 2011. UCHIME 

improves sensitivity and speed of chimera detection. Bioinform. 27, 2194-2200. 

 

Edgerton, C.W., 1939. Stubble deterioration. Proc. Int. Soc. Sugar Cane Technol. 6, 

334-341. 

 

Egan, B.T., Hurney, A.P., Ryan, C.C., Matthews, A.A., 1984. A review of the northern 

poor root syndrome of sugarcane in north Queensland. Proc. Aust. Soc. Sugar 

Cane Technol. 6 1-9. 

 

Fracchia, S., Garcia-Romera, I., Godeas, A., Ocampo, J., 2000. Effect of the 

saprophytic fungus Fusarium oxysporum on arbuscular mycorrhizal colonization 

and growth of plants in greenhouse and field trials. Plant and Soil 223, 177-186. 

 

Gams, W., 2007. Biodiversity of soil-inhabiting fungi. Biodivers. Conserv. 16, 69-72. 

 

Garbeva, P., van Veen, J.A., van Elsas, J.D., 2004. Microbial diversity in soil: selection 

microbial populations by plant and soil type and implications for disease 

suppressiveness. Annu. Rev. Phytopathol. 42, 243-270. 

 

Garland, J.L., Mills, A.L., 1991. Classification and characterization of heterotrophic 

microbial communities on the basis of patterns of community-level sole-carbon-

source utilization. Appl. Environ. Microbiol. 57, 2351-2359. 

 



99 
 

Garside, A.L., Bramley, R.G.V., Bristow, K.L., Holt, J.A., Magarey, R.C., Nable, R.O., 

Pankhurst, C.E., Skjemstad, J.O., 1997. Comparisons between paired old and 

new land sites for sugarcane growth and yield, and soil chemical, physical, and 

biological properties. Proc. Aust. Soc. Sugar Cane Technol. 19, 60-66. 

 

Garside, A.L., Bell, M.J., Magarey, R.C., 2001. Monoculture yield decline–fact not 

fiction. Proc. Int. Soc. Sugar Cane Technol. 24(2), 16-20. 

 

Garside, A.L., Berthelsen, J.E., Pankhurst, C.E., Blair, B.L., Magarey, R.C., D’Amato, 

C., Bull, J.I., 2002. Effect of breaks from sugarcane monoculture and biocides on 

the growth and yield of a subsequent sugarcane crop. Proc. Aust. Soc. Sugar 

Cane Technol. 24, 82-91. 

 

Giovannetti, M., Mosse, B., 1980. An evaluation of techniques for measuring vesicular 

arbuscular mycorrhizal infection in roots. New Phytol. 84, 489-500. 

 

Grayston, S.J., Wang, S., Campbell, C.D., Edwards, A.C., 1998. Selective influence of 

plant species on microbial diversity in the rhizosphere. Soil Biol. Biochem. 30, 

369-378. 

 

Handelsman, J., Rondon, M.R., Brady, S.F., Clardy, J., Goodman, R.M., 1998. 

Molecular biological access to the chemistry of unknown soil microbes: a new 

frontier for natural products. Chem. Biol. 5, R245-R249. 

 

Harman, G.E., Howell, C.R., Viterbo, A., Chet, I., Lorito, M., 2004. Trichoderma species 

– Opportunistic, avirulent plant symbionts. Nat. Rev. Microbiol. 2, 43-56. 

 

Hebert, P.D., Ratnasingham, S., de Waard, J.R., 2003. Barcoding animal life: 

cytochrome c oxidase subunit 1 divergences among closely related species. 

Proc. Royal Soc. London B: Biol. Sci. 270, S96-S99. 

 

Hilliard, S.B., 1979. Site characteristics and spatial stability of the Louisiana sugarcane 

industry. Agric. Hist.  254-269. 

 

Hoestra H. (1968) Replant diseases of apple in The Netherlands. Meded. 

Landbouwhogesch. Wagingen 68, 1-105. 

 

Hood-Nowotny, R., Umana, N.H.N., Inselbacher, E., Oswald-Lachouani, P., Wanek, W., 

2010. Alternative methods for measuring inorganic, organic, and total dissolved 

nitrogen in soil. Soil Sci. Soc. Am. J. 74, 1018-1027. 

 

Hoy, J.W., Schneider, R.W., 1988a. Role of Pythium in sugarcane stubble decline: 

Effects on plant growth in field soil. Phytopathol. 78, 1692-1696. 



100 
 

Hoy, J.W., Schneider, R.W., 1988b. Role of Pythium in sugarcane stubble decline: 

Pathogenicity and virulence of Pythium species. Phytopathol. 78, 1688-1692. 

 

Innes, R.F., Manser, P.D., Clarke, G.F., 1958. Yield decline in sugarcane on part of 

Worthy Park. Jam. Assoc. Sugar Technol. 21, 1-8. 

 

Kao, M.M., Hsieh, T.S., 1986. Studies on the relationship between rhizosphere fungi 

and the growth of sugarcane--inhibition of sugarcane growth by fungal 

metabolites. Taiwan Sugar 33, 8-14. 

 

Lozupone, C., Knight, R., 2005. UniFrac: a new phylogenetic method for comparing 

microbial communities. Appl. Environ. Microbiol. 71, 8228-8235. 

 

Magarey, R.C., 1984. Glasshouse studies on the symptoms and etiology of northern 

poor root syndrome of sugarcane. Proc. Aust. Soc. Sugar Cane Technol. 6, 51-

54. 

 

Magarey, R.C., 1994. Yield decline of sugarcane. In: Rao, G.P., Gillaspie, A.G., 

Upadhyaya, P.A., Bergamin, A., Agrihotri, U.P. and Chen, C.T. (Eds.), Current 

Trends in Sugarcane Pathology. International Books and Periodicals Supply 

Service, Pitampura, Delhi, India, pp. 393-412. 

 

Magarey, R., Croft, B., 1995. A review of root disease research in Australia. Proc. Aust. 

Soc. Sugar Cane Technol. pp. 505-513. 

 

Magarey, R., 1996. Microbiological aspects of sugarcane yield decline. Aust. J. Agric. 

Res. 47, 307-322. 

 

Magarey, R.C., Yip, H.Y., Bull, J.I., Johnson, E.J., 1997a. Effect of the fungicide 
mancozeb on fungi associated with sugarcane yield decline in Queensland. 
Mycol. Res. 101, 858-862. 

 
Magarey, R., Bull, J., Blair, B., Johnson, E., 1997b. Biological studies of soils in paired 

old and new land sites growing sugarcane. Aust. J. Exp. Agric. 37, 451-457. 
 
Magarey, R., Yip, H., Bull, J., Hogarth, D., 2005. Dematiaceous fungi, a cause of poor 

root health in sugarcane. Proc. Aust. Soc. Sugar Cane Technol. 27, 344-352 
 
Mai, W.F., Abawi, G.S., 1981. Controlling replant diseases of pome and stone fruits in 

northeastern United States by preplant fumigation. Plant Dis. 65. 
 
Martin, J.P., Wismer, C.A., Koike, H., Apt, W.J., 1959. Some biological factors 

associated with yield decline of sugar cane varieties in Hawaii. Proc. Congr. Int. 
Soc. Sugarcane Technol. 10, 77-85. 



101 
 

Mazzola, M., Manici, L.M., 2012. Apple replant disease: role of microbial ecology in 
cause and control. Annu. Rev. Phytopathol. 50, 45-65. 

 
McLean, E.O., 1982. Soil pH and lime requirement. In: Page, A.L., Miller, R.H., Keeney, 

D.R. (Eds.), Methods of Soil Analysis Part 2. Chemical and Microbiological 
Properties. ASA Inc. SSSA Inc. Publishers, NY, USA, pp. 199–224. 

 
Mehlich, A., 1984. Mehlich-3 soil test extractant: a modification of Mehlich-2 extractant. 

Commun. Soil Sci. Plant Anal. 15, 1409-1416. 
 
Morton, J.T., Toran, L., Edlund, A., Metcalf, J.L., Lauber, C., Knight, R., 2017. 

Uncovering the Horseshoe Effect in Microbial Analyses. mSystems 2, e00166-16 
 
Nehl, D., Allen, S., Brown, J., 1997. Deleterious rhizosphere bacteria: an integrating 

perspective. Appl. Soil Ecol. 5, 1-20. 

 

Oksanen, J., Blanchet, G.F., Friendly, M., Kindt, R., Legendre, P., McGlinn, D., Minchin, 

P.R., O’Hara, R.B., Simpson, G.L., Solymos, P., Stevens, M.H.H., Szoecs, E., 

Wagner, H., 2016. Vegan: Community Ecology Package. R package version 2.4-

1.  

 

Ongena, M., Jacques, P., 2007. Bacillus lipopeptides: versatile weapons for plant 

disease biocontrol. Trends in Microbiol. 16(3), 115-125. 

 

Pankhurst, C., Hawke, B., Holt, J., Magarey, R., Garside, A., 2000. Effect of rotation 

breaks on the diversity of bacteria in the rhizosphere of sugarcane and its 

potential impact on yield decline. Proc. Aust. Soc. Sugar Cane Technol. 77-83. 

 

Pankhurst, C.E., Blair, B.L., Magarey, R.C., Stirling, G.R., Bell, M.J., Garside, A.L., 

2005a. Effect of rotation breaks and organic matter amendments on the capacity 

of soils to develop biological suppression towards soil organisms associated with 

yield decline of sugarcane. Appl. Soil Ecol. 28, 271-282. 

 

Pankhurst, C.E., Blair, B.L., Magarey, R.C., Stirling, G.R., Garside, A.L., 2005b. Effects 

of biocides and rotation breaks on soil organisms associated with the poor early 

growth of sugarcane in continuous monoculture. Plant and Soil 268, 255-269. 

 

Price, M.N., Dehal, P.S., Arkin, A.P., 2009. FastTree: computing large minimum 

evolution trees with profiles instead of a distance matrix. Mol. Biol. Evol. 26, 

1641-1650. 

 

Quast, C., Pruesse, E., Yilmaz, P., Gerken, J., Schweer, T., Yarza, P., Peplies, J., 

Glöckner, F.O., 2012. The SILVA ribosomal RNA gene database project: 



102 
 

improved data processing and web-based tools. Nucleic Acids Res. 41(D1), 

D590-D596. 

 

R Core Team, 2012. R: A language and environment for statistical computing. R 

Foundation for Statistical Computing, Vienna, Austria. 

 

Rao, G.P., Agnihotri, V.P. 2000. Wilt. In: Rott, P., Bailey, R.A., Comstock, J.C., Croft, 

B.J., Saumtally, A.S. (Eds.). A Guide to Sugarcane Diseases, CIRAD, 

Montpellier, France, pp. 193-197. 

 

Reghenzani, J.R., 1988. Northern sugarcane response to soil solarisation. Proc. Aust. 

Soc. Sugar Cane Technol. pp. 163-169. 

 

Rhoades, J.D., 1982. Soluble salts. In: Page, A.L., Miller, R.H., Keeney, D.R. (Eds.), 

Methods of Soil Analysis, Part 2, 2nd Edition. Agronomy Monograph 9, ASA and 

SSSA, Madison, WI, pp. 635–655. 

 

Roesch, L.F., Fulthorpe, R.R., Riva, A., Casella, G., Hadwin, A.K., Kent, A.D., Daroub, 

S.H., Camargo, F.A., Farmerie, W.G., Triplett, E.W., 2007. Pyrosequencing 

enumerates and contrasts soil microbial diversity. ISME J. 1, 283-290. 

 

Savario, C.F., Hoy, J.W., 2010. Microbial communities in sugarcane field soils with and 

without a sugarcane cropping history. Plant and Soil 341, 63-73. 

 

Schippers, B., Bakker, A.W., Bakker, P.A., 1987. Interactions of deleterious and 

beneficial rhizosphere microorganisms and the effect of cropping practices. 

Annu. Rev. Phytopathol. 25, 339-358. 

 

Schloss, P.D., Handelsman, J., 2006. Toward a census of bacteria in soil. PLoS 

Comput. Biol. 2, e92. 

 

Schoch, C.L., Seifert, K.A., Huhndorf, S., Robert, V., Spouge, J.L., Levesque, C.A., 

Chen, W., Fungal Barcoding, C., Fungal Barcoding Consortium Author, L., 2012. 

Nuclear ribosomal internal transcribed spacer (ITS) region as a universal DNA 

barcode marker for Fungi. Proc. Natl. Acad. Sci. USA 109, 6241-6246. 

 

Schutter, M.E., Dick, R.P., 2002. Microbial community profiles and activities among 

aggregates of winter fallow and cover-cropped soil. Soil Sci. Soc. Am. J. 66, 142-

153. 

 

Smith, D.P., Peay, K.G., 2014. Sequence depth, not PCR replication, improves 

ecological inference from next generation DNA sequencing. PLoS One 9(2), 

e90234. 



103 
 

Sokal, Robert R., Sneath, Peter H.A., 1963. Principles of Numerical Taxonomy. W.H. 

Freeman, San Francisco.  

 

Spaull, V.W., Cadet, P., 1990. Nematodes parasites of sugarcane, in: M. Luc, R.A. 

Sikora, J. Bridge (Eds.), Plant parasitic nematodes in subtropical and tropical 

agriculture, CAB International,Wallingford, UK, pp. 461–491. 

 

Suslow, T., Schroth, M., 1982. Role of deleterious rhizobacteria as minor pathogens in 

reducing crop growth. Phytopathol. 72, 111-115. 

 

Tabatabai, M.A., 1994. Soil enzymes. In: Weaver, R.W., Angle, J.S., Bottomly, P.S. 

(Eds.). Methods of Soil Analyses, Part 2, Microbiological and Biochemical 

Properties, Soil Science Society of America, Madison, WI, USA, pp. 775–833. 

 

Tewoldemedhin, Y.T., Mazzola, M., Labuschagne, I., McLeod, A., 2011. A multi-phasic 

approach reveals that apple replant disease is caused by multiple biological 

agents, with some agents acting synergistically. Soil Biol. and Biochem. 43, 

1917-1927. 

 

Torsvik, V., Øvreås, L., 2002. Microbial diversity and function in soil: from genes to 

ecosystems. Curr. Opin. Microbiol. 5, 240-245. 

 

Watanabe, T., 1974. Fungi isolated from the underground parts of sugar cane in relation 

to the poor ratooning in Taiwan. Trans. Mycol. Soc. Jpn. 15, 30-41. 

 

Weatherburn, M., 1967. Phenol-hypochlorite reaction for determination of ammonia. 

Analytical chemistry 39, 971-974. 

 

Whittle, P.J.L., Irawan, 2000. Pokkah boeng. In: Rott, P., Bailey, R.A., Comstock, J.C., 

Croft, B.J., Saumtally, A.S. (Eds.). A Guide to Sugarcane Diseases, CIRAD, 

Montpellier, France, pp. 136-140. 

 

Woese, C.R., Fox, G.E., 1977. Phylogenetic structure of the prokaryotic domain: the 

primary kingdoms. Proc. of the Natl. Acad. Sci. 74, 5088-5090. 

 

Wood, A., 1985. Soil degradation and management under intensive sugarcane 

cultivation in North Queensland. Soil Use Manag. 1, 120-124. 

 

 
 
 
 
 



104 
 

Appendix: Figures and Tables 
 

 
Figure A.1. Distance-based redundancy analysis of unweighted UniFrac distance 
matrix of 16S prokaryotic OTUs for bulk soils from paired sites with short and long-
term sugarcane cropping histories in plant cane at six locations. Cropping history: S = 
short-term cultivation, L = long-term cultivation. Locations: A = Airport, B = Belleview, 
G = Gonsoulin, I = Iberia, J = Jefferson, S = St. Gabriel. 
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Figure A.2. Distance-based redundancy analysis of unweighted UniFrac distance 
matrix of 16S prokaryotic OTUs from bulk soils from paired sites with short and long-
term sugarcane cropping histories at six locations with maximum correlation of soil 
nutrient environmental variables plotted as vectors (p < 0.05).  L = long-term 
cultivation. Locations: A = Airport, B = Belleview, G = Gonsoulin, I = Iberia, J = 
Jefferson, S = St. Gabriel. Variables: NH4 = Ammonium, grav water = gravimetric 
water, NAGase = N-Acetyl-β-D-glucosaminidase, gluco = β-glucosidase, SOM = soil 
organic matter. 
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Figure A.3. Distance-based redundancy analysis of unweighted UniFrac distance 
matrix of 16S prokaryotic OTUs for rhizosphere soils from paired sites with short and 
long-term sugarcane cropping histories in plant cane at six locations. Cropping history: 
S = short-term cultivation, L = long-term cultivation. Locations: A = Airport, B = 
Belleview, G = Gonsoulin, I = Iberia, J = Jefferson, S = St. Gabriel. 
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Figure A.4. Distance-based redundancy analysis of unweighted UniFrac distance 
matrix of 16S prokaryotic OTUs for bulk soils from paired sites with short and long-
term sugarcane cropping histories sampled in plant cane and first ratoon at two 
locations. Cropping history: S = short-term cultivation, L = long-term cultivation. 
Locations: G = Gonsoulin, S = St. Gabriel, Crop year: P = plant cane, R = first ratoon, 
R2 = first ratoon second sampling. 
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Figure A.5. Distance-based redundancy analysis of unweighted UniFrac distance 
matrix of 16S prokaryotic OTUs for bulk soils from paired sites with short and long-
term sugarcane cropping histories sampled in plant cane and first ratoon at two 
locations with maximum correlation of soil and nutrient environmental variables 
plotted as vectors (p < 0.05). Locations: G = Gonsoulin, S = St. Gabriel, Crop year: P 
= plant cane, R = first ratoon, R2 = first ratoon second sampling. Variables: SOM = 
soil organic matter, salts = soluble salts. 
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Figure A.6. Distance-based redundancy analysis of unweighted UniFrac distance 
matrix of 16S prokaryotic OTUs of rhizosphere soils combined from paired sites with 
short and long-term sugarcane cropping histories sampled in plant cane and first 
ratoon at two locations. Cropping history: S = short-term cultivation, L = long-term 
cultivation. Locations: G = Gonsoulin, S = St. Gabriel, Crop year: P = plant cane, R = 
first ratoon, R2 = first ratoon second sampling. 
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Table A.1. Abundant prokaryotic families in bulk soil with no significant association in 
soils under short or long-term sugarcane cultivation (p > 0.05) and their relative 
abundance and rank among families for each cropping history. 

 

Short-term cropping 
history 

Long-term cropping 
history 

Family 
Proportion 
of fungal  

community 

Rank 
among 
genera 

Proportion 
of fungal  

community 

Rank 
among 
genera 

Acidobacteriaceae (Subgroup 1) 0.060642 1 0.075063 1 

Blastocatellaceae (Subgroup 4) 0.030058 4 0.034578 3 

Gaiellale uncultured 0.031011 3 0.023017 8 

Chitinophagaceae 0.026005 6 0.023892 7 

Verrucomicrobia OPB35 soil group 
uncultured bacterium 

0.023331 8 0.025716 6 

Sphingomonadaceae 0.020719 12 0.026180 5 

Desulfurellaceae 0.025309 7 0.021426 10 

Acidobacteria  Subgroup 6 Other 0.021446 10 0.021854 9 

Chthoniobacterales DA101 soil group 0.022716 9 0.016101 17 

Planctomycetaceae 0.020038 13 0.017967 13 

Haliangiaceae 0.016494 17 0.019670 12 

Xanthomonadales Incertae Sedis 0.019430 14 0.016480 16 

Solibacteraceae (Subgroup 3) 0.015831 18 0.017779 14 

Acidothermaceae 0.020843 11 0.009370 24 

Anaerolineaceae 0.012805 22 0.014423 18 

Rhodospirillaceae 0.014235 19 0.011298 20 

Acidobacteria Subgroup 6 uncultured 
bacterium 

0.013863 20 0.011570 19 

Micromonosporaceae 0.012961 21 0.010750 21 

Tepidisphaeraceae 0.010334 24 0.009872 23 

Xanthomonadaceae 0.008340 32 0.010472 22 

Myxococcales BIrii41 0.009584 25 0.009125 26 

Rhodospirillales DA111 0.009226 26 0.008768 28 

Comamonadaceae 0.008367 31 0.009331 25 

Nitrospiraceae 0.007256 36 0.009007 27 

Xanthomonadales uncultured 0.008988 28 0.006647 35 
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Table A.2. Abundant prokaryotic genera in bulk soil with no significant association in 
soils under short or long-term sugarcane cultivation (p > 0.05) and their relative 
abundance and rank among genera for each cropping history. 

 

Short-term cropping 
history 

Long-term cropping 
history 

Genus 
Proportion of 

fungal  
community 

Rank 
among 
genera 

Proportion of 
fungal  

community 

Rank 
among 
genera 

Uncultured Acidobacteriaceae 
Subgroup 1 

0.052231 1 0.069238 1 

Uncultured OPB35 soil group 0.023331 2 0.025716 5 

Sphingomonas 0.020364 7 0.025885 4 

Desulfurellaceae H16 0.023249 3 0.020185 7 

Acidobacteria Other 0.021446 5 0.021854 6 

Uncultured Gaiellales 0.021992 4 0.015828 11 

Haliangium 0.016494 12 0.019670 8 

Uncultured DA101 soil group 0.020133 8 0.012854 14 

Gemmatimonas 0.016356 13 0.016620 10 

Blastocatellaceae Subgroup 4 RB41 0.014055 14 0.018186 9 

Acidothermus 0.020843 6 0.009370 19 

Uncultured Anaerolineaceae 0.012307 17 0.014175 13 

Uncultured Chitinophagaceae 0.013816 16 0.012515 15 

Uncultured Acidobacteria Subgroup 6 0.013863 15 0.011570 16 

Rhizomicrobium 0.010202 22 0.014362 12 

Acidibacter 0.011312 18 0.010137 18 

Uncultured Planctomycetaceae 0.011030 19 0.010292 17 

Xanthobacteraceae;Other 0.010490 21 0.008793 22 

Variibacter 0.010495 20 0.008423 24 

Uncultured Myxococcales BIrii41 0.009127 23 0.008498 23 

Candidatus Solibacter 0.007816 27 0.009062 20 

Uncultured Tepidisphaeraceae 0.008066 26 0.008284 25 

Nitrospira 0.006892 32 0.008927 21 

Bryobacter 0.007559 29 0.008239 27 

Blastocatellaceae Subgroup 4 11-24 0.006926 30 0.008246 26 
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Table A.3. Abundant prokaryotic families in rhizosphere soils with no significant 
association in soils under short or long-term sugarcane cultivation (p > 0.05) and their 
relative abundance and rank among families for each cropping history. 

 

Short-term cropping 
history 

Long-term cropping 
history 

Family 
Proportion 
of fungal  

community 

Rank 
among 
genera 

Proportion 
of fungal  

community 

Rank 
among 
genera 

Acidobacteriaceae (Subgroup 1) 0.068940 1 0.074125 1 

Gemmatimonadaceae 0.033733 2 0.038787 2 

Sphingomonadaceae 0.026703 5 0.038462 3 

Chitinophagaceae 0.031397 3 0.030517 5 

Blastocatellaceae (Subgroup 4) 0.028194 4 0.030192 6 

Verrucomicrobia OPB35 soil group 
uncultured bacterium 

0.023780 8 0.026006 8 

Bacillaceae 0.024537 7 0.018452 11 

Xanthobacteraceae 0.023263 9 0.018749 10 

Acidobacteria;D_2__Subgroup 6 
Other 

0.019308 13 0.019472 9 

Xanthomonadales Family Incertae 
Sedis 

0.021471 10 0.016233 15 

Desulfurellaceae 0.020169 12 0.013903 20 

Solibacteraceae (Subgroup 3) 0.016372 18 0.017044 13 

Planctomycetaceae 0.017647 16 0.014849 18 

Chthoniobacterales;D_4__DA101 soil 
group 

0.018292 14 0.012981 22 

Haliangiaceae 0.014924 19 0.016230 16 

Xanthomonadaceae 0.013895 20 0.015088 17 

Comamonadaceae 0.011956 25 0.016623 14 

Rhizobiales Incertae Sedis 0.012095 24 0.014681 19 

Acidothermaceae 0.018254 15 0.006980 36 

Rhodospirillaceae 0.013492 21 0.011067 23 

Acidobacteria; Subgroup 6 uncultured 
bacterium 

0.012825 23 0.010637 24 

Anaerolineaceae 0.012931 22 0.010285 25 

Micromonosporaceae 0.010303 26 0.008971 27 

Myxococcales BIrii41 0.010005 27 0.008604 28 

Tepidisphaeraceae 0.008830 30 0.008508 29 
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Table A.4. Abundant prokaryotic genera in rhizosphere soils with no significant 
association in soils under short or long-term sugarcane cultivation (p > 0.05) and their 
relative abundance and rank among genera for each cropping history. 

 

Short-term cropping 
history 

Long-term cropping 
history 

Genus 
Proportion 
of fungal  

community 

Rank 
among 
genera 

Proportion 
of fungal  

community 

Rank 
among 
genera 

Acidobacteriaceae (Subgroup 1); 
uncultured 

0.057922 1 0.066771 1 

Sphingomonas 0.026237 2 0.038015 2 

Verrucomicrobia OPB35 soil group 
uncultured bacterium 

0.023780 4 0.026006 5 

Bacillus 0.023828 3 0.018211 8 

Acidobacteria Subgroup 6 Other 0.019308 6 0.019472 7 

Desulfurellaceae H16 0.018490 7 0.012977 14 

Chitinophagaceae uncultured 0.015592 13 0.015623 10 

Haliangium 0.014924 14 0.016230 9 

Gemmatimonas 0.014768 15 0.014144 12 

Blastocatellaceae (Subgroup 4) RB41 0.012577 18 0.015208 11 

Chthoniobacterales DA101 soil group 0.015925 12 0.010151 19 

Acidothermus 0.018254 8 0.006980 33 

Acidibacter 0.013704 16 0.010635 18 

Acidobacteria;D_2__Subgroup 6 
uncultured bacterium 

0.012825 17 0.010637 17 

Rhizomicrobium 0.010416 20 0.012516 15 

Anaerolineaceae 0.012461 19 0.010080 20 

Myxococcales BIrii41 uncultured 
bacterium 

0.009651 21 0.008157 22 

Planctomycetaceae uncultured 0.009230 23 0.008011 24 

Variibacter 0.008906 25 0.007757 26 

Xanthobacteraceae Other 0.009289 22 0.007324 30 

Candidatus Solibacter 0.007783 29 0.008545 21 

Bryobacter 0.008139 27 0.008093 23 

Bradyrhizobium 0.008247 26 0.007423 27 

Tepidisphaeraceae uncultured 
bacterium 

0.006969 30 0.007095 32 

Nitrospira 0.006317 35 0.007416 28 
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Table A.5. Abundant fungal families in bulk soil with no significant association in soils 
under short or long-term sugarcane cultivation (p > 0.05) and their relative abundance 
and rank among families for each cropping history. 

 

Short-term cropping 
history 

Long-term cropping 
history 

Family 
Proportion 
of fungal  

community 

Rank 
among 
genera 

Proportion 
of fungal  

community 

Rank 
among 
genera 

Unidentified Fungi 0.209250 1 0.204798 1 

Unidentified Ascomycota 0.050538 2 0.030043 5 

Unidentified Hypocreales 0.030847 5 0.022330 8 

Unidentified Pleosporales 0.028333 6 0.021165 11 

Unidentified Sordariomycetes 0.037948 3 0.010437 24 

Lasiosphaeriaceae 0.017124 13 0.021685 10 

Sordariaceae 0.011075 23 0.022112 9 

Unidentified Dothideomycetes 0.018586 12 0.011703 21 

Herpotrichiellaceae 0.014319 17 0.010690 23 

Pezizomycotina Family Incertae sedis 0.008851 28 0.016147 15 

Glomeraceae 0.008645 30 0.016165 14 

Bolbitiaceae 0.021841 9 0.000569 114 

Hypocreaceae 0.007890 34 0.011539 22 

Helotiales Family Incertae sedis 0.005768 42 0.012991 20 

Ascobolaceae 0.014740 16 0.003770 43 

Hypocreales Family Incertae sedis 0.013056 19 0.004931 34 

Psathyrellaceae 0.013660 18 0.003692 45 

Corticiaceae 0.010090 25 0.007086 29 

Amylocorticiaceae 0.002191 69 0.014686 18 

Polyporaceae 0.003427 55 0.013042 19 

Unidentified Agaricales 0.011989 21 0.003524 47 

Unidentified Cantharellales 0.000058 231 0.015334 17 

Trichosphaeriales Family Incertae 
sedis 

0.009552 26 0.005222 33 

Hydnaceae 0.004209 48 0.009619 27 

Trichocomaceae 0.007086 36 0.005793 32 

Unidentified Basidiomycota 0.008582 31 0.003887 42 

 

 

 

 

 

 



115 
 

Table A.6. Abundant fungal genera in bulk soil with no significant association in soils 
under short or long-term sugarcane cultivation (p > 0.05) and their relative abundance 
and rank among genera for each cropping history.  

Short-term cropping 
history 

Long-term cropping 
history 

Genus 
Proportion of 

fungal  
community 

Rank 
among 
genera 

Proportion of 
fungal  

community 

Rank 
among 
genera 

Unidentifed Fungi 0.209250 1 0.204798 1 

Unidentifed Ascomycota 0.050538 2 0.030043 5 

Trichocladium 0.006839 31 0.071564 2 

Unidentifed Hypocreales 0.030847 4 0.022330 9 

Unidentifed Mortierellaceae 0.017482 9 0.032323 4 

Unidentifed Pleosporales 0.028333 5 0.021165 11 

Unidentifed Sordariomycetes 0.037948 3 0.010437 21 

Sordaria 0.011017 15 0.021747 10 

Unidentifed Dothideomycetes 0.018586 8 0.011703 19 

Mortierella 0.010430 17 0.013940 16 

Conocybe 0.021167 7 0.000237 232 

Unidentifed Glomeraceae 0.006431 34 0.013873 17 

Trichoderma 0.007885 24 0.011084 20 

Ascobolus 0.014662 11 0.003766 44 

Ceraceomyces 0.002153 78 0.014686 15 

Unidentifed Agaricales 0.011989 12 0.003524 46 

Unidentifed Cantharellales 0.000058 443 0.015334 14 

Westerdykella 0.007191 29 0.008127 26 

Polyporaceae 0.002298 74 0.012863 18 

Cladophialophora 0.010435 16 0.004680 34 

Nigrospora 0.009552 18 0.005222 32 

Nectriaceae 0.007798 25 0.005974 30 

Unidentifed Hydnaceae 0.004144 53 0.009503 25 

Unidentifed Basidiomycota 0.008582 20 0.003887 41 

Hyalocladosporiella 0.001178 115 0.009738 22 
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Table A.7. Abundant fungal families in rhizosphere soils with no significant association 
in soils under short or long-term sugarcane cultivation (p > 0.05) and their relative 
abundance and rank among families for each cropping history. 

 

Short-term cropping 
history 

Long-term cropping 
history 

Family 
Proportion 
of fungal  

community 

Rank 
among 
genera 

Proportion 
of fungal  

community 

Rank 
among 
genera 

Unidentified Fungi  0.232800 1 0.240681 1 

Lasiosphaeriaceae 0.052204 2 0.019698 13 

Unidentified Cantharellales 0.000072 222 0.070681 2 

Unidentified Ascomycota 0.035939 4 0.033571 5 

Mortierellaceae 0.036644 3 0.032390 6 

Chaetomiaceae 0.024189 10 0.040737 4 

Unidentified Hypocreales 0.030426 6 0.020260 12 

Unidentified Pleosporales 0.025903 9 0.024279 11 

Unidentified Dothideomycetes 0.032366 5 0.012921 19 

Unidentified Sordariomycetes 0.028909 8 0.007186 29 

Psathyrellaceae 0.017245 11 0.017921 14 

Marasmiaceae 0.004850 39 0.025558 8 

Ceratobasidiaceae 0.013844 14 0.012307 20 

Unidentified Sordariales 0.011147 22 0.014294 17 

Corticiaceae 0.007256 33 0.015677 15 

Glomeraceae 0.012014 18 0.007289 28 

Pezizomycotina Family Incertae sedis 0.003647 52 0.015056 16 

Unidentified Agaricales 0.010674 23 0.006519 32 

Herpotrichiellaceae 0.010233 24 0.006799 31 

Hypocreales Family Incertae sedis 0.011873 20 0.004857 37 

Helotiales Family Incertae sedis 0.006382 34 0.009682 22 

Tremellales Family Incertae sedis 0.012641 17 0.002083 56 

Trichocomaceae 0.009850 26 0.004635 39 

Trichosphaeriales Family Incertae 
sedis 

0.007919 31 0.004707 38 

Hydnaceae 0.004960 38 0.007592 27 
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Table A.8. Abundant fungal genera in rhizosphere soils with no significant association 
in soils under short or long-term sugarcane cultivation (p > 0.05) and their relative 
abundance and rank among genera for each cropping history. 

 

Short-term cropping 
history 

Long-term cropping 
history 

Genus 
Proportion 
of fungal  

community 

Rank 
among 
genera 

Proportion 
of fungal  

community 

Rank 
among 
genera 

Unidentified Fungi 0.232800 1 0.240681 1 

Unidentified Cantharellales 0.000072 423 0.070681 2 

Unidentified Ascomycota 0.035939 2 0.033571 4 

Unidentified Hypocreale 0.030426 5 0.020260 11 

Unidentified Pleosporales 0.025903 7 0.024279 6 

Unidentified Dothideomycetes 0.032366 4 0.012921 16 

Arnium 0.035533 3 0.006458 28 

Unidentified Mortierellaceae 0.018647 8 0.021750 10 

Unidentified Sordariomycetes 0.028909 6 0.007186 25 

Mortierella 0.017997 9 0.010641 19 

Psathyrella 0.010811 16 0.015459 13 

Marasmius 0.001823 78 0.024267 7 

Unidentified Sordariales 0.011147 15 0.014294 14 

Trichocladium 0.002760 62 0.020081 12 

Unidentified Agaricales 0.010674 18 0.006519 27 

Humicola 0.016369 12 0.000782 132 

Waitea 0.003741 49 0.010114 20 

Unidentified Ceratobasidiaceae 0.008340 27 0.004518 38 

Unidentified Glomeraceae 0.008600 25 0.004236 41 

Nigrospora 0.007919 28 0.004707 37 

Westerdykella 0.009301 21 0.002095 61 

Acremonium 0.008844 24 0.002482 54 

Curvularia 0.008365 26 0.002603 52 

Unidentified Hydnaceae 0.002979 59 0.007536 24 

Unidentified Nectriaceae 0.005822 34 0.004391 39 
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