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 3-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 (3-
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 3-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

0.8949 0.8926 0.8526 0.8056 0.7391
reverse reads

Re-sequenced

0.8111 0.6683 0.6909 0.7038 0.7107
samples
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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, | = 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, | = 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 3-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 B-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 B-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 B-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.
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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 B-diversity metrics, but
produced similar ordinations for bulk and rhizosphere communities when using the
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same B-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 B-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 B-diversity determined by
Bray-Curtis and bulk soil unweighted UniFrac.
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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 Long-term cropping
history history
Proportion Rank Proportion Rank
Family of fungal among of fungal among

community | families | community | 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

Long-term cropping

history history
Proportion Rank Proportion Rank
Family of fungal among of fungal among

community | families | community | 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 B-diversity in plant cane at six locations explained less of the
constrained variation than prokaryotic 3-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

Long-term cropping

history history
Proportion Rank Proportion Rank
Genus of fungal among of fungal among

community | genera | community | 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

Long-term cropping

history history
Proportion Rank Proportion Rank
Genus of fungal among of fungal among

community | genera | community | 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
ljuhya 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 soill
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 soll
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

Long-term cropping

history history
Proportion of | Rank | Proportion of | Rank
Family fungal among fungal among
community | families | community | 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

Long-term cropping

history history
Proportion of | Rank | Proportion of | Rank
Family fungal among fungal among
community | families | community | 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 B-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 cro

pping history.

Short-term cropping

Long-term cropping

history history
Proportion Rank Proportion Rank
Genus of fungal among of fungal among

community | genera | community | 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 a-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

Long-term cropping

history history
Proportion Rank Proportion Rank
Genus of fungal among of fungal among
community | genera | community | 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
ljuhya 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 B-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
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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, | = 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 B-diversity analysis where taxonomic identity of OTUs is not required,
unidentified taxa complicate and limit interpretation of a-diversity comparisons.
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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, | = Iberia, J = Jefferson, S = St. Gabriel. Variables:
NO3 = nitrate, NAGase = N-Acetyl-B-D-glucosaminidase, gluco = 3-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 compaosition 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
a = 0.05. NS = not significant.
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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-B-glucosaminidase was greater in short-term cultivation at three
of six locations, and B-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 (3-
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 B-diversity revealed
community structure was primarily influenced by location.
o Differences in distance-based redundancy analysis of prokaryotic
communities using different B-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 B-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 soll
organic matter, sulfur, iron, copper, and soil extracellular activities in one
set of locations and zinc, soluble salts, silt, and nitrate in another set.

a-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.
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Appendix: Figures and Tables
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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, | = 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, | = Iberia, J =
Jefferson, S = St. Gabriel. Variables: NH4 = Ammonium, grav water = gravimetric
water, NAGase = N-Acetyl-B-D-glucosaminidase, gluco = B-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, | = 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

Long-term cropping

history history
Proportion Rank Proportion Rank
Family of fungal among of fungal among
community | genera | community | 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 0.023331 3 0.025716 6
uncultured bacterium

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
Amdot_)acterla Subgroup 6 uncultured 0.013863 20 0.011570 19
bacterium

Micromonosporaceae 0.012961 21 0.010750 21
Tepidisphaeraceae 0.010334 24 0.009872 23
Xanthomonadaceae 0.008340 32 0.010472 22
Myxococcales Blrii41 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

Long-term cropping

history history
Proportion of | Rank | Proportion of | Rank
Genus fungal among fungal among
community | genera | community | genera

Uncultured Acidobacteriaceae 0.052231 1 0.069238 1
Subgroup 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 Blrii41 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

Long-term cropping

history history
Proportion Rank Proportion Rank
Family of fungal among of fungal among
community | genera | community | 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 QPBBS soil group 0.023780 8 0.026006 8
uncultured bacterium

Bacillaceae 0.024537 7 0.018452 11
Xanthobacteraceae 0.023263 9 0.018749 10
g‘t’r‘:ﬁbac‘e“a’D—Z—S“bgrou'o 6 0019308 | 13 | 0.019472 9
égg??omonadales Family Incertae 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
grrétggmobacterales,D_4_DA101 soil 0.018292 14 0.012981 29
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
Aadopacterla; Subgroup 6 uncultured 0.012825 23 0.010637 o
bacterium

Anaerolineaceae 0.012931 22 0.010285 25
Micromonosporaceae 0.010303 26 0.008971 27
Myxococcales Blrii41 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

Long-term cropping

history history
Proportion Rank Proportion Rank
Genus of fungal among of fungal among
community | genera | community | genera

Acidobacteriaceae (Subgroup 1); 0.057922 1 0.066771 1
uncultured

Sphingomonas 0.026237 2 0.038015 2
Verrucomicrobia (_)PBBS soil group 0.023780 4 0.026006 5
uncultured bacterium

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
Acidobactenia;D_2__Subgroup 6 0012825 | 17 | 0010637 | 17
uncultured bacterium

Rhizomicrobium 0.010416 20 0.012516 15
Anaerolineaceae 0.012461 19 0.010080 20
Myxoc.occales Blrii41 uncultured 0.009651 21 0.008157 29
bacterium

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
Tepldl_sphaeraceae uncultured 0.006969 30 0.007095 32
bacterium

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

Long-term cropping

history history
Proportion Rank Proportion Rank
Family of fungal among of fungal among
community | genera | community | 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
;'élggosphaerlales Family Incertae 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
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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

Long-term cropping

history history
Proportion of | Rank | Proportion of | Rank
Genus fungal among fungal among
community | genera | community | 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

Long-term cropping

history history
Proportion Rank Proportion Rank
Family of fungal among of fungal among
community | genera | community | 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
;'élggosphaerlales Family Incertae 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

Long-term cropping

history history
Proportion Rank Proportion Rank
Genus of fungal among of fungal among
community | genera | community | 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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