
Reviewers' comments: 

Reviewer #1 (Remarks to the Author): 

The authors used several state-of-the-art approaches in ecological statistics to draw inferences 
from an impressive data set of plant-associated fungal communities. The key outcome is the 
finding that plant-associated fungal communities associated with sorghum in this relatively 
homogeneous field are largely predictable following a brief period of more stochastic dynamics, 
particularly drift, that are associated with fungal communities containing relatively few individuals. 
There are also a few other outcomes, including that comparisons with bacterial community 
assembly dynamics suggest that fungal dynamics differ to a certain extent and that the timing of 
the imposition of drought influences the occurrence of drift in some compartments. The work is 
very descriptive - two hypotheses are tested (well), but the bulk of the manuscript is focussed on 
describing patterns among compartments, taxa and guilds. But I think that this is a strength of the 
current paper - it sets up a framework in which additional interesting ecological hypotheses can be 
tested in systems that are better suited to them (e.g., why the difference in turnover between 
leaves, roots and other compartments? The current study cannot answer this.) and, for the most 
part, does not over-interpret the data. 

I'm not sure that I agree that there is support for the idea that the few studies that have used the 
approaches described in the paper suggest that universality is likely a general phenomenon for 
fungi, including in natural environments. E.g., dissimilarities in the current study (Figure 4a) were 
quite low for samples collected at or near the same time, many studies comparing communities 
among more heterogenous environments exhibit dissimilarities that are much higher - just to 
name a few: 

Tedersoo et al., 2014. Global diversity and geography of soil fungi. Science 346, 1256688. 
doi:10.1126/science.1256688 
Davison et al., 2015. Global assessment of arbuscular mycorrhizal fungus diversity reveals very 
low endemism. Science 349, 970–973. doi:10.1126/science.aab1161 
Powell et al., 2015. Deterministic processes vary during community assembly for ecologically 
dissimilar taxa. Nature Communications 6, 8444. doi:10.1038/ncomms9444 

I know that it isn't a direct comparison so it doesn't invalidate the authors claims, but perhaps the 
current manuscript doesn't need to make this point about generality? 

I wonder whether the sampling approach (combining ten samples from each plot to produce a 
composite sample) may lead to underestimation of stochastic processes. This would not invalidate 
the comparisons among compartments and through time, of course, but could be addressed in the 
manuscript where the sampling approach is briefly mentioned. I would also appreciate a brief 
description in the supplementary methods of how roots, rhizosphere and soil were sampled - 
currently there is only a citation to two other papers, I was able to access one of them but the 
methods section is large and took a long time to download. 

The paper is very well written and the methodological details are (mostly) described thoroughly or 
appropriately cited. I've made a few suggestions in the attached annotated manuscript. The 
supplementary materials make it very easy to see the outcomes of the data analyses, including 
the Krona plots, so the work is transparent. However, to ensure reproducibility, I would have 
appreciated a series of markdown files that demonstrate the code used to perform analyses. 

Reviewer #2 (Remarks to the Author): 



Comments to Authors: 

The authors present an ambitions work detailing the temporal, compartmental, and genotype 
effects of the mycobiome across an entire growing season of Sorghum. The amount of work that 
went into this MS is quite admirable. They test theories on the nature of fungal assembly and 
specifically address the role community drift (stochasticity) plays in the mycobiome. The results 
presented are important, but the MS lacks focus and it is very hard to follow. A careful rewrite will 
aid the reader in the story, especially being careful to reduce extraneous language to streamline 
the MS. Also, there are a number of methodological and statistical concerns that should be 
addressed (outlined below). Particularly troubling is the inclusion of Beta-NTI analyses (which the 
author’s use numerous times to support their assertions). Beta-NTI requires a good tree to 
measures the average nearest taxon relationships. However, given that these were fungal ITS2 
data (and highly diverse at that), a good tree cannot be made (poorly alignable data). So, how can 
the authors’ justify this method? There is not enough detail in the MS to glean if they found a work 
around to this or even any methods detailing how they generated the tree (even in the 
supplemental methods). This lack of detail and the inhering inappropriateness of the measure for 
ITS data casts doubt on these data. This reviewer suggests eliminating all beta-NTI references 
(focus on Beta RC instead) or VERY CAREFULLY alleviate my concerns. This work is of great 
interest and would appeal to the readership of Nature Communications, but only is acceptable if 
appropriate methodological approached are implemented. 

Abstract 

Line 40: Comma seems out of place (“fungal, functional”) 

Introduction: 

Lines 46-47: It is unclear how endophytes (which by the most definitions are generally 
commensal) might drive plant community structure, at least in the same vein as mycorrhizae or 
parasites/pathogens. Plant communities more likely drive endophytes rather than the reverse. So, 
I am not sure how well “it is well appreciated.” 

Line 49: Is “highlighted in the last decade” to reductionist? This has been a major study system for 
a long time. 

Lines 49-51: Not sure this is a fair statement. One could easily argue that studies on fungi are 
more abundant than bacteria given the vast literature on mycorrhizal associations. This may be 
true for plant endophyte work (but I suspect not), but this statement says all studies of fungi-plant 
connections. Please omit or change. 

Lines 51-53: This makes little sense. 

Lines 57-59: This is making some assumptions that may not be justified. We do not know (or least 
you do not present any evidence that we do know) that increased drought will affect plants via 
fungal endophyte-mediated plant responses negatively. One could easily argue that endophytes 
may confer drought resistance. 

Lines 59-61: This is a fallacy. It is very possible to harness plant-associated fungi to aid modern 
agriculture without understanding assembly. If you see that one fungus is beneficial and enriched 



in a particular treatment, it can be harnessed and utilized for a function, without understanding 
the mechanisms by which it was assembled. 

Line 64: Nearly all possible combinations? Why nearly? 

Lines 66-68: Seem irrelevant and unneeded. 

Lines 70-72: Is it fair to say that selection is wholly deterministic, and drift is wholly stochastic. 
Largely, sure. Wholly? Perhaps not. This may be a bit reductionist. 

Lines 69-76: This paragraph could be rewritten for clarity. 
Lines 77-85: Sentence structure here and throughout is a bit odd. Recommend using more direct 
statements and shy away from over-comma use. This will do much to clarify the MS. 

Line 86-88: Why do we think that these communities will be small during early development. I am 
not saying they will not be, but it would be useful to provide justification to this. 

Lines 90-92: “when stress … was relieved”- This makes little sense. Clarify please. 

Lines 92-95: Please clarify this sentence. The words “negative correlation between the strength of 
stochasticity on one hand and community size on the other” makes little sense out of context. This 
would benefit from a rewrite. 

Lines 104-107: I would tread carefully here, while it may be true that this MS is the first to use 
this method on non-AM systems to investigate ‘universality’, you are far from being the first to 
investigate the universality of fungal assembly rules. As written (though I know this is not what 
you are trying to say) it implies that you are the first to try this. Folks have been looking into 
universality of fungal assembly since the time of Clements. Choose your words carefully. 

Line 108-109: Is this novel? Of course, fungal communities will be more similar when shared 
number of taxa increases. This is the whole point of most dissimilarity measures that ecologists 
have been using since the 1950s. Perhaps you are meaning this differently that is written. If so, 
clarify please. 

Lines 117-119: This makes little sense. How can one take leave samples from soil? Please re-write 
to be explicit about what you did here. 

Lines 115-127: This paragraph is oddly structured. 

Lines 122-127: Should this be included here. This is just about what you would expect to find in 
any ag field. I would omit this here and expand the methods above. 

Lines 128-144: Did the authors investigate any space x time interactions? Or, perhaps more 
interestingly, time within a particular “space” to investigate temporal effects within roots for 
examples. By doing two sets of analyses (whole model and individualized compartment models), 
the authors will allow for a more robust way to explore fungal community dynamics. But including 
the compartment (when one would naturally expect little overlap) in all analyses, that may parse 
so much variance our that the more subtle signals from other factors may be occluded. 

Lines 149-152: Not sure if this is the most appropriate way to do this. Technically you are not 
supposed to run Mantel tests on non-distance data (BC is not true distance) but I understand that 
this is often done anyways. I would recommend either: 1) simply regressing BC values against 
time (weeks difference) to look for temporal shifts, or 2) using a Procrustes approach where you 
compare soil vs. lead (and every other combination) and regressing the Procrustes Associated 
Metric over time to ask which compartment is most responsive over time. Also looking at a full 



interaction permanova would get at this as well. 

Lines 157-158: Is this fair? It might not be assumed to be a plant driven community shift, but a 
propagule availability issue. This is an equally parsimonious explanation. 

Lines 156-168: I Like this, but object to the phrase “stable community” here. Maybe replace it with 
“locally stable” or “temporarily stable” 

Lines 167: This idea that rhizospheric communities have little turnover even in very early 
development casts doubt on previous statements that these communities are small, therefore 
open to drift (H1). I believe you but be careful with language. 

Lines 169-186: This needs work. I like what you are getting at, but the writing in almost not 
linear. It is very difficult to interpret. Clean this up and make the point for the reader. What does 
this mean with respect to these communities. 

Line 195: I would argue that “compositional variance” is not the same and “dissimilarity values” 

Lines 208-215: I like the acknowledgement here, but I wonder how much this adds to the MS. I 
suggest reducing this paragraph and folding it into a different heading, I think it is not warranted 
to have a whole section. 

Line 217: Genetical? This is very odd wording. You have used genotype throughout, it should 
probably be consistent. 

Lines 220-223: This might be an issue on significant but unimportant (given the R-square values). 
However, this might be an issue where reanalysis as suggested above might give you more power. 
Also, what evidence are you using to make the claim that this genotype effect was due to these 
two OTUs? Just because they are differentially abundant, does not necessarily mean that these are 
the full drivers of this genotype effect. 

Lines 229-232: Again, a reanalysis may give you more power to make these claims. 

Lines 244-246: No sold that you adequately demonstrate this. Allochthonous dispersal is a 
constant issue with strong temporal and environmental effects on composition. I think dispersal is 
very likely and should be acknowledged. I fail to understand the argument that high richness and 
lack of local distance decay relationships nullify this concern. You may have lack of distance 
relationships due to mass broadcasting of fungal spores regionally. 

Line 250: I would like to see an expansion of this line. Why MUST it be associated with size? It 
seems that if it is associated with community size, that in of itself would be a slight deterministic 
introduction. Why does the rate of randomness change with community size? Since this is a big 
part of your entire thesis, this should be expanded on and not just accepted. Justification is 
needed. 

Lines 259-263: Did you do any more simple analyses such as estimated richness? Chao? To point 
(i), this should not be used as there are SO MANY issues based on individualized potential for 
biases from extraction, PCR efficiency, primer affinity, etc. Point (ii) is probably fine but copy 
number concerns could occlude this. Single copy genes should optimally be used. 

Lines 263-271: This contradicts the statement made in lines 255-256. Which is it? That statistical 
tools exist or they do not. 

Lines 274-276: Beta NTI requires a tree based on aligned data. Given that you used ITS2 data, 
how did you make this tree. I am suspicious of these data given that it is very unwise to align ITS 



data. If you did align these, I would not trust these results as far as I can throw it (and this is a 
large part of your explanations of drift - JUSTIFY). Please clarify. I like the inclusion of RCI, but 
would not beta-RC be a better metric here? 

Lines 282-292: Paragraph lacks focus. 

Line 294-295: Priority effects can be stochastic as well, not just deterministic 

Lines 293-310: Difficult to follow. 

Lines 311-322: These explanations for initial colonizers are perhaps too much of a stretch. 

Lines 353-354: I guess I am still a bit confused why releveling drought would be expected to favor 
stochasticity. With resource limitations (water availability) being alleviated, classic ecological 
theory would predict that this should favor specialists over generalists, this implies, to me at least, 
determinism, not stochasticity. Please clarify. 

Lines 374-379: Inclusion of RF methods is nice, but this does not really explain why this was done 
or what expected results would tell us about the communities. Give that they did not add to the 
story, I wonder if it would be better to omit this analysis as I fear if makes the story more 
convoluted. 

Figure 1: This is a good figure, but a bit difficult to follow when also reading the MS. I suggest 
expanding the MS to describe this setup better (but figure is good). 

Figure 2: This is VERY busy. Are the OTU values to the right of A for B? I suggest remaking these 
so only the ten most abundant OTUs are represented and ‘Other’. This will clean it up quite a bit. 
Figure SA is nice, but the points are too small to see the compartment icons. 

Figure 3: This is a nice figure, but I fear it doesn’t really tell us that much about the communities 
and is sort of redundant of other similar figures. I would recommend eliminating this figure (or 
moving to Supp.) 

Figure 4: Beautiful! 

Figure 5: Given that there was an overall small effect of cultivar (and largely dismissed in MS), it 
seems odd to dedicate a figure to this. BUT it is a gorgeous figure, it just doesn’t belong in the 
main MS. 

Figure 7: You have to do a lot to convince me that Beta NTI is appropriate here due to ITS2 data. 

Supplemental Methods: 

Lines 31-36: What primers were used? 

Reviewer #3 (Remarks to the Author): 

In the manuscript by Gao and colleagues, the researchers examine the temporal patterns of fungal 
colonization and establishment on sorghum plants. They use a factorial field experiment to test the 
effects of sorghum genotype (2 levels) and drought treatment (3 levels) on four components of 



the plant fungi microbiome, with three replicates of each treatment grown in a plowed field. The 
main focus of this manuscript arises from their interpretation of the results – they posit that 
ecological drift is important in driving communities when the fungal communities are small, which 
occurs at the outset of the experiment. 

I do not have a background in fungal microbiomes, and will leave the novelty of that part of the 
paper to other reviewers. My expertise lies in the community ecology inferences that the authors 
are making and, based on the evidence presented, I am unconvinced that they are real. I outline 
my concerns below, but want to emphasize that, even if all other issues could be addressed, the 
low sample size for estimating variances (3 observations) would still raise serious concerns for me. 
The exciting conclusion of this paper is that ecological drift plays an inordinately large role at the 
outset fungal community assembly. There are several reasons why this conclusion is unsupported, 
and they fall into a few main problem areas: misinterpretation of the ecological literature on drift 
and dispersal limitation, statistical problems / inappropriate tests, and experimental flaws. 
1. Experimental flaws. There are two main problems with the experiment. First, the environment is 
not carefully controlled – it took place in a plowed field, and plowed fields are heterogeneous. If 
we imagine that the fungi undergo successional dynamics whereby the environment determines 
which are initially most abundant but over time the fungi-plant interaction selects for specific 
fungi, we would recreate the patterns the authors observed (without evoking drift). Second, the 
authors did not control for the initial abundances of fungi, which could exacerbate environmental 
effects or work independently of them. They seem to interpret the widespread, initial abundance of 
a few OTUs as evidence that dispersal limitation isn’t present. This interpretation is incorrect – 
most plowed fields will be colonized instantly by thousands of dandelions, but that does not mean 
that no plant species are dispersal limited. An experiment designed to isolate the effects of drift 
would control both these aspects by using an homogeneous (sterile) soil with known or well-mixed 
inocula. 
2. Misinterpretation of literature. i. The authors test for distance-dependent dissimilarity in fungal 
communities as a way to assess whether dispersal limitation is important. Classic work by Hurtt 
and Pacala (J. Theor Biol 1995) show that dispersal limitation (or fecundity limitation) can cause 
strong colonization effects in otherwise completely deterministic communities. Distance decay is 
not the only way that stochastic colonization effects can manifest – differences in abundance 
among species can be sufficient to cause these to happen. The data suggest that not all species 
are present at all locations (far from it, given the turnover stats), meaning that colonization 
differences are likely important. ii. The authors seem to be under the impression that a Raup-Crick 
index informs us about neutral stochasticity (I apologize if I am misinterpreting this but, if so, I 
think that the interpretation needs to be clearer in the paper). The Raup-Crick is a null model for 
random redistribution of individuals, which is very different from expectations for drift. The other 
metric (BNTI) has no relationship whatsoever. 
3. Statistical problems. Apart from the issue with the Raup-Crick and BNTI methods and their 
interpretations, I was unsure of how the authors examine beta diverspersion. Their graphs seem 
to have more observations per time point than there were replicates. I imagine that this is an error 
in the presentation, but should be fixed. The fitting of the neutral model was also challenging – it 
appears that the authors compared AIC values between two datasets (their initial data split into 
two) rather than for nested models. This either needs to be fixed (if the authors did compare two 
datasets) or the authors should explain their methods more clearly. Beyond these issues, the 
authors should consider the limitations outlined above (concern #1) and think about if the 
temporal data could be used in a way that actually detects drift by decoupling random from 
directional changes in identities through time. 

On a final note, I think that it would be completely reasonable for the authors to discuss drift as 
one mechanism driving the patterns observed, but the current manuscript does not convince me 
that this is the only (or even the most likely) possibility. 
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Reviewers' comments: 

Reviewer #1 (Remarks to the Author): 

I am satisfied by the authors' responses to my comments on the original version of the 
manuscript. 

I do quibble with their response on lines 39-49 of their response letter. Their criticisms of the 
studies that I cited should lead to those studies underestimating dissimilarities even more than 
what was observed, further indicating how the low dissimilarities in the current study might limit 
their ability to make general conclusions. It is also implied that the sequencing methods used in 
the study are 'meaningful', whatever that means, but even those have issues with variable 
resolution that can lead one to challenge their ecological relevance. But this is just me ranting and 
hoping that they are less likely to be so dismissive in the future. 

Reviewer #3 (Remarks to the Author): 

In the manuscript by Gao and colleagues, the researchers examine the temporal patterns of fungal 
colonization and establishment on sorghum plants. They use a factorial field experiment to test the 
effects of sorghum genotype (2) and drought treatment (3) on four components of the plant fungi 
microbiome, with three replicates of each treatment grown in a plowed field. The main focus of 
this manuscript arises from their interpretation of the results – they posit that ecological drift is 
important in driving communities when the fungal communities are small, which occurs at the 
outset of the experiment. 
This is my second review of this paper and, unfortunately, I am no more convinced of its 
conclusions with respect to ecological drift than I was with the first version. The authors have 
attempted to address several of my concerns, but have failed to address the central issues of the 
appropriateness of the statistics used and their relevance for detecting ecological drift. 
My main concerns are as follows. 
1. The environment was not carefully controlled – it took place in a plowed field, and plowed fields 
are very heterogeneous. This is not a strength, as the authors state, but rather a fundamental 
flaw. To attribute variation in community composition to drift requires removing deterministically-
driven variation. This includes environmental variation and, for this study, removal of genetic 
differences.
2. Misinterpretation of literature. The authors test for distance-dependent dissimilarity in fungal 
communities, and assume that this is the way to assess dispersal limitation. This assumption is 
correct for neutral models, but is incorrect for virtually all spatial models of biodiversity. 
3. The authors misinterpret the Raup-Crick index. The Raup-Crick is a null model for random 
redistribution of individuals, which is very different from expectations for drift. The other metric 
(BNTI) has no relationship whatsoever. The authors contend that these are valid metrics of drift, 
but this comes from a misunderstanding of drift – drift is the random change through time in 
species relative abundances that occur from demographic stochasticity. It is not a random 
redistribution of species. As I stated in my previous review, there are ways to calculate 
expectations for neutral drift through time – the work by Egbert Leigh and colleagues is 
particularly relevant here (e.g., Gilbert et al. 2006, American Naturalist; Leigh et al. 1993, 
Evolutionary Ecology). 
4. In addressing my earlier concerns, the authors state that they have 15 within-group sample 
pairs, and argue that this is a high level of replication. The number of replicates is 3 (potentially 
six, although there would need to be a more convincing demonstration that genotype really is 
unimportant). Using pairwise distances (and a Mantel approach) has been shown to be statistically 
flawed and cannot increase the number of independent observations. The authors should look to 
multivariate methods that calculate distance from the centroid (in R, the betadisper function in the 



vegan package does this. Similarly, in Gilbert and Levine (2017, Proceedings B) the authors outline 
how to calculate these distances using an FST metric that may be appropriate here. 
5. The fitting of the neutral model was done incorrectly. The authors compared AIC values among 
datasets rather than for nested models. This is simply wrong – as the number of species increases 
in a dataset, the AIC will go down even if the model fits each observation equally well. 

As I previously stated, I think that it would be completely reasonable for the authors to discuss 
drift as one mechanism driving the patterns observed, but this is just one possibility for their 
results.











Reviewers' comments: 
 
 
Reviewer #1 (Remarks to the Author): 
 
I was asked to review the authors responses to reviewer #3's comments. I believe that all of the 
responses are reasonable and should address the concerns that were raised. The authors use 
multiple, state-of-the-art lines of evidence to support their conclusions that drift can be an 
important process during the assembly of plant-associated fungal communities. I don't think that it 
is entirely accurate to say that the soils were 'homogeneous' since at some timepoints there were 
significant relationships between dissimilarity and distance (including at the start - Figure S15) but 
the slope of the relationship is so flat that it is probably true in effect. Thus I am still supportive of 
the manuscript being accepted for publication. 
 
 
 
Reviewer #4 (Remarks to the Author): 
 
I was asked to review this manuscript in place of a reviewer (reviewer 3) who could no longer do 
so, and to evaluate the extent to which that reviewer’s comments had been addressed by the 
authors. In order to avoid bias, I read through the manuscript first and formulated my own 
opinions, as I would if I were reviewing a paper for the first time, and then read through Reviewer 
3’s comments afterwards. The short version is that my comments were very similar to those of 
Reviewer 3, which in my opinion went largely (but not entirely) unaddressed. 
 
In this paper, the authors seek to understand the community assembly processes that result in 
fungal community variability in several different compartments of sorghum plants (soil, 
rhizosphere, roots, leaves). The authors focus on selection, dispersal, and drift, discounting 
speciation as unlikely because of the time scales involved (a decision I support). The authors have 
two main hypotheses, which are H1: drift is important when fungal communities are “small”, and 
H2: drift is important after drought stress is relieved. 
 
The authors infer that drift occurs via the following logic: A: drift is a stochastic process and 
generates random variability in community composition. B: drift makes sense if “stochasticity” in 
community structure is negatively correlated with community size, since less populous 
communities are more vulnerable to drift. C: low-population high-richness communities are 
expected to exhibit the most drift, because per-species risk is highest. 
 
I have no problems with the logic above, except that I think it is poorly articulated in the paper 
and these arguments are spread throughout using inadequate in imprecise language. Subpoints: 
• Stochasticity is an attribute of a process, not of data. Drift as a process is stochastic, but the 
result of drift is randomness in community composition (hence my quotes around stochasticity 
above). This point is largely semantic and is less important than the next: 
• The authors’ logic for drift is difficult to understand. Part is found around lines 304-310, and 
another part is found around lines 264-266. 
 
However, the logic above is contingent on the authors actually observing the results of drift. 
However, I do not believe the authors’ metric (proportion of samples where both NTI and RCI do 
not deviate from null expectation) is appropriate for measuring drift, for several reasons: 
• | NTI| < 2 just means that the observed NTI for a pair of samples is within two standard 
deviations of the null NTI distribution. That distribution is created by permuting identities in the 
phylogenetic tree. A negative value indicates phylogenetic underdispersion, i.e. the two 
communities are more phylogenetically similar than expected by chance. A positive value indicates 
overdispersion. An empirical NTI value that falls within the null distribution (2 SD is a bit arbitrary 
but OK) represents a pair of communities that are phylogenetically homogenous. Reviewer 3 had a 



very similar comment (#3). 
• |RCI| > 0.95 also means homogeneity, but of composition (OTUs) instead of phylogeny. For 
RCbray, the null distribution is created by resampling communities under the assumption of 
homogeneity, i.e. under the assumption that any community is composed of the same proportion 
of OTUs found in its surroundings (i.e. metacommunity), with some randomness thrown in as a 
random multinomial draw of OTUs with probabilities proportional to the total count of each OTU. 
Again, homogeneity, not drift. 
• Findings consistent with a null hypothesis (| NTI|<2 or |RCI|<0.95) are not evidence FOR the 
null hypothesis. This is stats 101. 
• The null RCI distribution may be what is expected if drift is the ONLY community assembly 
process acting between a pair of samples, but homogenizing dispersal (how communities got 
where they are in the first place under high mixture) happened at some point, and is a community 
assembly process in and of itself. So drift doesn’t explain why the two communities look the same 
(why RCI and NTI look like the null), that’s because of homogenizing dispersal. Drift is just all 
that’s gone on AFTER that initial assembly, and the intensity of that drift is not indicated by RCI or 
NTI. I suspect this is a misinterpretation the authors have of Stegen et al. 2013. 

• The absence of spatial patterns in beta-diversity (bray) observed by the authors is just MORE 
evidence of homogeneity. However, this analysis is largely superficial since individual OTUs can 
exhibit spatial structure even when overall community composition shows little or no pattern. This 
is especially true since bray-curtis is a weighted metric. Let’s say one or two OTUs are fairly rare, 
but each has a spatial pattern. e.g. an east-west abundance gradient, or patch dynamics. That 
spatial structuring would be swamped out by a beta-diversity mantel style analysis. Again, 
Reviewer 3 had a very similar comment (#2, although they explained very little). While distance-
dependent similarity is a necessary to claim dispersal limitation OF A SPECIES, the inverse is not 
necessarily true as stated above, especially in regard to broad-scale community variability. 
• Unexplained variability is not drift. The authors say they observed “high stochasticity” on line 
304, and it’s tempting to ascribe unexplained variability in community structure to stochastic 
processes. However hidden variables are impossible to rule out in an uncontained real-world 
experiment such as this sorghum field. This was mentioned by Reviewer 3 in their first comment 
(#1). 
 
I was told not to make to many minor points, but: 
• Taxonomic composition of fungal communities (129-134) seems superfluous. 
• Calling plant compartment “space” (142) is confusing. 
• Critical typo: position vs. proportion (283). 
• What constitutes a “small” community size for microbes? The authors don’t seem to have an a 
priori idea of how “small” a community would need to be in order to be vulnerable to drift. I think 
it’s fine to discuss this relationship in a correlative framework (as in most of the paper), but 
around line 309 this is not the case. 
 
Finally, my broad impression of the paper is that it has an interesting experiment, but the authors 
push their results too far. I do not think the authors need to be so focused on definitively showing 
“drift”, especially because nobody (myself especially) will believe that they can observe drift in a 
natural system. However, like Reviewer 3 wrote in their review, “I think that it would be 
completely reasonable for the authors to discuss drift as one mechanism driving the patterns 
observed, but this is just one possibility for their results”. Again, I would like to re-iterate that 
these opinions are my own, and were not informed in any way by those of Reviewer 3. The high 
overlap between my comments and theirs, however, indicates that their comments were not 
adequately addressed.



Response to Reviewers, September 27, 2019 1 
 2 
We identify three main points raised by reviewers #1, #3 and #4 that must be addressed: 1. 3 
Alternatives to drift as an explanation for stochasticity. 2. The use of RCI and NTI to detect 4 
stochasticity, and 3 The belief that soil fungal communities cannot be homogeneous. Short 5 
summaries of our responses are just below and full responses follow that include Reviewers #1 6 
and 4 but focus on the criticisms of Reviewer #4.  7 
 8 

1. Alternatives to drift as an explanation for stochasticity. Here, we now agree with 9 
Reviewers #3 and #4 that there are two possible explanations for stochasticity, drift 10 
(which is wholly stochastic) and the stochastic component of dispersal. We now note 11 
both explanations throughout our manuscript. 12 

 13 
2. The use of RCI and NTI to detect stochasticity. RCI and NTI are routinely used to 14 

detect stochasticity, as noted in our citations. Just this month Nature Communications 15 
(Xun et al, 2019, Nat. Comm) published a study of bacterial communities that used NTI 16 
to detect stochasticity. We feel that we are on solid ground here, but we realize from 17 
the reactions of two reviewers show that we need more justification for all readers, 18 
which we now provide. 19 

 20 
3. The feeling that soil fungal communities cannot be homogeneous.  All of our soil 21 

community data show that fungal communities in our field are homogeneous. Again, we 22 
feel that we are on solid ground here. At the request of Reviewer #4 we added analysis 23 
using a measure of community dissimilarity that accounts for abundance and still find 24 
that our soil, fungal communities are homogenous. We also have data on airborne 25 
fungal propagules (spores and hyphal fragments), which also show homogeneity. Again, 26 
seeing that two reviewers have difficulty believing that soil, fungal communities can be 27 
homogeneous, we realize that we must provide more background for our results, that 28 
is, emphasizing the point that a 50-year-old, well-ploughed field with one crop plant is 29 
not a truly wild system and could be expected to have homogenous fungal communities. 30 

 31 
32 



Responses to full reviewers' comments: comments from the reviewer are black, our responses 33 
are red and our revised text is blue. 34 
 35 
Reviewer #1 (Remarks to the Author): 36 
 37 
I was asked to review the authors responses to reviewer #3's comments. I believe that all of the 38 
responses are reasonable and should address the concerns that were raised. The authors use 39 
multiple, state-of-the-art lines of evidence to support their conclusions that drift can be an 40 
important process during the assembly of plant-associated fungal communities. I don't think 41 
that it is entirely accurate to say that the soils were 'homogeneous' since at some timepoints 42 
there were significant relationships between dissimilarity and distance (including at the start - 43 
Figure S15) but the slope of the relationship is so flat that it is probably true in effect. Thus I am 44 
still supportive of the manuscript being accepted for publication. 45 
 46 
Response: We appreciate the reviewer’s comments about the effort of our revision. Regarding 47 
homogeneity, our investigation of community dissimilarity and geographic distance involves 48 
multiple tests for each compartment, so we feel that P-value for significance should be at 0.01. 49 
If the bar for significance is set at P = 0.01, of the 69 samplings for the four compartments of 50 
soil, rhizosphere, root and leaf, only two show a significant relationship between community 51 
dissimilarity and geographic distance, soil at week 12 and soil at week 16, well after our 52 
detection of stochasticity in young leaves or roots.  In all of the 69 samplings, we agree with the 53 
reviewer that the relationships, even the two significant ones, are “so flat that it [homogeneity] 54 
is probably true in effect.” 55 
 56 
Reviewer #4 (Remarks to the Author): 57 
 58 
I was asked to review this manuscript in place of a reviewer (reviewer 3) who could no longer 59 
do so, and to evaluate the extent to which that reviewer’s comments had been addressed by 60 
the authors. In order to avoid bias, I read through the manuscript first and formulated my own 61 
opinions, as I would if I were reviewing a paper for the first time, and then read through 62 
Reviewer 3’s comments afterwards. The short version is that my comments were very similar to 63 
those of Reviewer 3, which in my opinion went largely (but not entirely) unaddressed.  64 
 65 
In this paper, the authors seek to understand the community assembly processes that result in 66 
fungal community variability in several different compartments of sorghum plants (soil, 67 
rhizosphere, roots, leaves). The authors focus on selection, dispersal, and drift, discounting 68 
speciation as unlikely because of the time scales involved (a decision I support). The authors 69 
have two main hypotheses, which are H1: drift is important when fungal communities are 70 



“small”, and H2: drift is important after drought stress is relieved.  71 
 72 
The authors infer that drift occurs via the following logic: A: drift is a stochastic process and 73 
generates random variability in community composition. B: drift makes sense if “stochasticity” 74 
in community structure is negatively correlated with community size, since less populous 75 
communities are more vulnerable to drift. C: low-population high-richness communities are 76 
expected to exhibit the most drift, because per-species risk is highest.  77 
 78 
I have no problems with the logic above, except that I think it is poorly articulated in the paper 79 
and these arguments are spread throughout using inadequate in imprecise language. Subpoints: 80 
Reviewer bullet point A 81 
• Stochasticity is an attribute of a process, not of data. Drift as a process is stochastic, but the 82 
result of drift is randomness in community composition (hence my quotes around stochasticity 83 
above). This point is largely semantic and is less important than the next:  84 
Response: The difference between ‘stochasticity’ and ‘randomness’ is subtle, as two words are 85 
interchangeable in most cases: https://math.stackexchange.com/questions/114373/whats-the-86 
difference-between-stochastic-and-random 87 
 88 
For studies using RCI and NTI to detect stochasticity/randomness (such as Dini-Andreote et al 89 
2015 PNAS, Zhou & Ning MMBR 2017), the word ‘stochasticity’ is commonly used, and the word 90 
randomness is rarely used. Therefore, for consistency in our manuscript and the field, we prefer 91 
to use ‘stochasticity’ and have removed randomness throughout our manuscript. 92 
 93 
Reviewer bullet point B 94 
• The authors’ logic for drift is difficult to understand. Part is found around lines 304-310, and 95 
another part is found around lines 264-266. 96 
Response: Both lines 264-266 and lines 304-310 are subsets of our section dealing with 97 
ecological drift part (lines 257-343).  We now see that we can simply delete the lines 264-266 98 
without affecting the meaning. 99 
 100 
Revised text: 101 
As noted in the introduction, four ecological forces shape fungal community composition, 102 
selection, dispersal, evolutionary divergence, and drift, only one of which is wholly 103 
deterministic, selection 16. Also, as mentioned at the outset, one of the forces with a stochastic 104 
component, divergence, can be ignored for fungi over a 17-week period45, leaving two forces 105 
with stochastic components, wholly stochastic drift and the stochastic part of dispersal. Thus, 106 
should we detect stochasticity, it could be attributed to drift or stochastic dispersal in the 107 
period of initial colonization. Whereas stochastic aspects of dispersal, in this case the initial 108 



colonization, are expected to be unaffected by community size, drift is clearly enhanced in small 109 
communities when individuals are prone to extinction by chance 18 and the probability of 110 
extinction is expected to increase as the community size shrinks 47, 48, 49, 50. 111 
 112 
Reviewer bullet point C 113 
However, the logic above is contingent on the authors actually observing the results of drift. 114 
However, I do not believe the authors’ metric (proportion of samples where both NTI and RCI 115 
do not deviate from null expectation) is appropriate for measuring drift, for several reasons: 116 
Response: As we now say in the revised text just above, we use NTI and RCI to detect 117 
stochasticity, not drift. Where we find stochasticity, we then take extra steps, described below 118 
in our responses to Reviewer bullet points D and E, to address drift. 119 
 120 
Revised text: 121 
Quantitatively, having observed stochasticity in early leaves and roots, we ascribe a significant 122 
fraction of it to drift because the percentage of sample pairs showing | NTI| < 2 and |RCI| < 123 
0.95 is strongly negatively correlated with fungal community size as detected by amplicon-, 124 
qPCR- and transcriptome- based methods (Fig. 5E-G). Stochasticity can also be ascribed to 125 
ecological drift if it is positively correlated with richness when community sizes are at their 126 
smallest, because the probability of extinction is expected to increase when the total species 127 
pool is large relative to the local community size 55. Additionally, a consequence of ecological 128 
drift is high beta diversity, which can lead to high, joint richness (Fig. 5H). Again, we find that 129 
the strength of stochasticity is positively correlated with mean fungal richness for the six 130 
replicates that constitute each of the 171 samples (week, compartment, treatment) (Fig 5H). 131 
 132 
 Having ascribed a significant fraction of stochasticity to drift, can we rule out the action 133 
of stochastic dispersal in the colonization of emerging plants? No clear evidence in support of 134 
stochastic colonization was found because the first leaf and root fungal communities were 135 
dominated in replicate samples by a single species, either OTU42 (Actinomucor) for leaves or 136 
OTU17 (Acrophialophora) for roots (Fig. 2B; Fig. S3), and both of these OTUs were rare in soil 137 
sampled prior to planting (Fig. S5A). However, despite the dominance of OTU42 and OTU17 in 138 
the first week, we cannot rule out the stochastic colonization of other OTUs, nor can we rule 139 
out any stochastic colonization that might occurred during the 2 weeks between planting and 140 
our first sampling.  Concerning events that occur prior to sampling, we did not detect any 141 
priority effects involving selection in early fungal communities because OTU42 and OTU17, 142 
although abundant in all replicates in the 1st week (TP01), were largely replaced by other fungi 143 
by the 2nd week (TP02) (Fig. 2B; Fig. S3). 144 
 145 



Reviewer bullet point D 146 
• | NTI| < 2 just means that the observed NTI for a pair of samples is within two standard 147 
deviations of the null NTI distribution. That distribution is created by permuting identities in 148 
the phylogenetic tree. A negative value indicates phylogenetic underdispersion, i.e. the two 149 
communities are more phylogenetically similar than expected by chance. A positive value 150 
indicates overdispersion. An empirical NTI value that falls within the null distribution (2 SD is a 151 
bit arbitrary but OK) represents a pair of communities that are phylogenetically homogenous. 152 
Reviewer 3 had a very similar comment (#3). 153 
Response: We are using NTI to detect stochasticity by determining if NTI for our observed 154 
dataset can be distinguished from the distribution of NTI for a thousand, randomized datasets. 155 
We find that, for early leaves and roots, NTI from our observed data is not significantly 156 
different from that seen with randomized data. Therefore, we cannot reject the null hypothesis 157 
of stochasticity, which we feel allows us to infer stochasticity and take the next step of 158 
comparing stochasticity to community size to assess drift. 159 
 160 
We agree with the reviewer’s explanations of under- and over-dispersion, but we feel that 161 
these concepts would have been important only if we had been able to reject the null 162 
hypothesis of stochasticity. In that case, our data could have shown over-dispersion due to 163 
heterogeneity of community composition corrected for phylogenetic relationships or under-164 
dispersion due to homogeneity of community composition corrected for phylogenetic 165 
relationships.  However, because we could not reject the null hypothesis of stochasticity, we 166 
feel that we cannot say anything about the over- or under-dispersion of our data, nor about 167 
their homo- or heterogeneity. All that we can say that our observed data cannot be 168 
distinguished from randomized data. 169 
 170 
We urge reference to Dini-Andreote et al 2015 PNAS where the usage of three NTI categories 171 
to classify phylogenetical heterogeneity ( NTI > 2), stochasticity (| NTI| < 2), and homogeneity 172 
( NTI < -2) has been clearly elaborated. 173 
 174 
Reviewer bullet point E 175 
• |RCI| > 0.95 also means homogeneity, but of composition (OTUs) instead of phylogeny. For 176 
RCbray, the null distribution is created by resampling communities under the assumption of 177 
homogeneity, i.e. under the assumption that any community is composed of the same 178 
proportion of OTUs found in its surroundings (i.e. metacommunity), with some randomness 179 
thrown in as a random multinomial draw of OTUs with probabilities proportional to the total 180 
count of each OTU. Again, homogeneity, not drift. 181 
Response: As with NTI, we use RCI to detect stochasticity by determining if RCI for our 182 
observed dataset can be distinguished from the distribution of RCI for a thousand, randomized 183 



datasets. The difference between NTI and RCI is that the former accounts for phylogenetic 184 
relationships among OTUs and the latter does not. We find that, for early leaves and roots, the 185 
community dissimilarity signal from our observed data is not significantly different from that 186 
seen with randomized data. Therefore, we cannot reject the null hypothesis of stochasticity, 187 
which, we feel, allows us to take the next step of comparing stochasticity to community size. 188 
 189 
With RCI, the concepts of homogeneity and heterogeneity would have been important if we 190 
had been able to reject the null hypothesis of stochasticity. In that case, our observed data 191 
could have shown compositional homogeneity or heterogeneity compared the randomized 192 
datasets.  However, because we could not reject the null hypothesis of stochasticity, we feel 193 
that we cannot say anything about the homo- or heterogeneity of our observed data. All that 194 
we can say is that our observed data cannot be distinguished from randomized data. 195 
 196 
Reviewer bullet point F 197 
• Findings consistent with a null hypothesis (| NTI|<2 or |RCI|<0.95) are not evidence FOR the 198 
null hypothesis. This is stats 101. 199 
Response: We agree with the reviewer that inability to reject a null hypothesis is never 200 
evidence for a null hypothesis. However, our use of RCI and NTI to attempt to reject the null 201 
hypothesis of stochasticity follows the recent, pioneering work of many researchers who use 202 
these two approaches to address the question of stochasticity (Xun et al 2019 Nat Com; Dini-203 
Andreote et al 2015 PNAS; Zhou & Ning 2017 Microbiol. Mol. Biol. Rev; Stegen et al 2012, 2013 204 
ISMEJ).  205 
 206 
Revised text:  207 
Please see Reviewer bullet point C, above. 208 
 209 
Reviewer bullet point G 210 
• The null RCI distribution may be what is expected if drift is the ONLY community assembly 211 
process acting between a pair of samples, but homogenizing dispersal (how communities got 212 
where they are in the first place under high mixture) happened at some point, and is a 213 
community assembly process in and of itself. So drift doesn’t explain why the two communities 214 
look the same (why RCI and NTI look like the null), that’s because of homogenizing dispersal. 215 
Drift is just all that’s gone on AFTER that initial assembly, and the intensity of that drift is not 216 
indicated by RCI or NTI. I suspect this is a misinterpretation the authors have of Stegen et al. 217 
2013. 218 
Responses: 219 
Drift and RCI and NTI. Again, we agree with the reviewer that the inability to reject the null 220 
hypothesis of stochasticity does not mean that the observed data are solely the result of 221 



ecological drift. Based on the results of RCI and NTI, which did not reject the null hypothesis of 222 
stochasticity, we infer that our observed data are stochastic. We then take the extra step of 223 
considering community size to address drift. 224 
 225 
Did homogenizing dispersal confound drift detection? We do not agree with the reviewer that 226 
homogenizing dispersal could result in a null RCI distribution. Instead, homogenizing dispersal 227 
should result in RCI < -0.95 & | NTI|<2, which could be distinguished from RCI of a null 228 
distribution. This result has been statistically supported by 83-91% of simulations in Stegen 229 
2015 Frontier in Microbiology. 230 
 231 
Initial assembly. We agree with the reviewer that drift occurs after initial assembly. Initial 232 
assembly had to involve colonization from the homogenous soil communities and this 233 
colonization could have been both deterministic and stochastic. In fact, we have evidence of 234 
deterministic colonization by OTU42 on leaves and OTU17 on roots, but this deterministic 235 
colonization is easily distinguished from stochasticity and should not confound assessment of 236 
drift. In contrast, stochastic dispersal (which we term stochastic colonization because it occurs 237 
on newly emerging leaves or roots) could confound the detection of drift, but colonization will 238 
not be affected by community size whereas drift will be enhanced in small communities when 239 
individuals are prone to extinction by chance and the probability of extinction is expected to 240 
increase as the community size shrinks. Our correlation of high stochasticity when community 241 
size is small provides our evidence for drift. 242 
 243 
We agree that we cannot rule out the stochastic colonization that might occurred from seed 244 
germination to the first week of seedling development, a time during which sampling was not 245 
carried out in this study. Also, although we can ascribe the dominance of OTU42 and OTU17 to 246 
deterministic selection, we cannot rule out stochastic colonization of some other OTUs. 247 
 248 
Revised text 249 
Please see Reviewer bullet point C, above. 250 
 251 
Reviewer bullet point H 252 
• The absence of spatial patterns in beta-diversity (bray) observed by the authors is just MORE 253 
evidence of homogeneity. However, this analysis is largely superficial since individual OTUs can 254 
exhibit spatial structure even when overall community composition shows little or no pattern. 255 
This is especially true since bray-curtis is a weighted metric. Let’s say one or two OTUs are fairly 256 
rare, but each has a spatial pattern. e.g. an east-west abundance gradient, or patch dynamics. 257 
That spatial structuring would be swamped out by a beta-diversity mantel style analysis. Again, 258 
Reviewer 3 had a very similar comment (#2, although they explained very little). While distance-259 



dependent similarity is a necessary to claim dispersal limitation OF A SPECIES, the inverse is not 260 
necessarily true as stated above, especially in regard to broad-scale community variability. 261 
Response: Responding to the reviewer’s concern of that Bray-Curtis is a weighted metric, we 262 
re-analyzed the data using an unweighted metric, the Jaccard metric. As shown in the figure at 263 
the end of this document, the relationships between geographic distance and Jaccard 264 
dissimilarity were also flat in each time point in leaf, root, rhizosphere and soil. 265 
 266 
We agree with the reviewer that our results cannot rule out the potential dispersal limitation of 267 
one or two rare species. However, we argue that the lack of dispersal limitation in the 268 
community as a whole is enough for us to conclude that our observed patterns are not driven 269 
by dispersal limitation of the community as a whole. 270 
 271 
Revised text: 272 
We find no evidence for heterogeneity ( NTI > 2 or RCI > 0.95), whether caused by variable 273 
selection or dispersal limitation, as expected by our finding of stochasticity and homogeneity 46. 274 
In line with these results, we detected no substantial effect of geographic distance on fungal 275 
community dissimilarity as shown by the flat slope of the change in dissimilarity over distance 276 
in leaves, roots, rhizosphere, soil and air (Fig. S15-S16). Although we detect no dispersal 277 
limitation for communities, we cannot rule out dispersal limitation of particular species, 278 
although these would not be numerous or abundant.  279 
 280 
Reviewer bullet point I 281 
• Unexplained variability is not drift. The authors say they observed “high stochasticity” on line 282 
304, and it’s tempting to ascribe unexplained variability in community structure to stochastic 283 
processes. However hidden variables are impossible to rule out in an uncontained real-world 284 
experiment such as this sorghum field. This was mentioned by Reviewer 3 in their first 285 
comment (#1). 286 
Response: We agree with the reviewer that hidden variables are impossible to rule out in an 287 
uncontained real-world experiment. However, our real-world experiment is as contained as 288 
possible, with soil fungal communities that show no dissimilarity over our field and just one 289 
crop species. As a result, our measured variables explained as much as 61.8% of total variance 290 
in this study (Table S4), which is remarkable for an uncontained, real-world experiment. 291 
 292 
Additionally, as indicated by Stegen et al 2015, stochasticity measured based on both |RCI| < 293 
0.95 and | NTI| <2 is independent from selection (whether variable or homogeneous) and 294 
dispersal (whether homogenous or from dispersal limitation). Therefore, we feel that the 295 
stochasticity detected by |RCI| < 0.95 & | NTI| <2 is not likely to be explainable by hidden 296 
variables. 297 



 298 
Revised text:  299 
The stochasticity indicated by | NTI| < 2 & |RCI| < 0.95 is obtained when communities are not 300 
dominated by either the two dimensions of dispersal (homogenous dispersal, dispersal 301 
limitation) or the two dimensions of selection (variable selection, homogeneous selection) 46. 302 
Thus, the stochasticity detected by |RCI| < 0.95 & | NTI| <2 is not likely to be explainable by 303 
hidden variables. When the null hypothesis can be rejected, observations smaller than the null 304 
estimations indicate under dispersion of phylogenetic ( NTI < -2) and species (RCI < -0.95) 305 
composition, in which community pairs are homogenous, and observations larger than the null 306 
estimations indicate over dispersion of phylogenetic ( NTI > 2) and species (RCI > 0.95) 307 
composition, in which community pairs are heterogenous 51, 52, 53. 308 
 309 
I was told not to make to many minor points, but: 310 
 311 
Reviewer minor point a 312 
• Taxonomic composition of fungal communities (129-134) seems superfluous. 313 
Response: We agree and have moved taxonomic composition to the supplements. 314 
 315 
Reviewer minor point b 316 
• Calling plant compartment “space” (142) is confusing. 317 
Response: We agree to use compartment and have removed all references to space. 318 
 319 
Reviewer minor point c 320 
• Critical typo: position vs. proportion (283). 321 
Response: We thank the reviewer for catching this critical typo and have changed ‘position’ to 322 
‘proportion’. 323 
 324 
Reviewer minor point d 325 
• What constitutes a “small” community size for microbes? The authors don’t seem to have an 326 
a priori idea of how “small” a community would need to be in order to be vulnerable to drift. I 327 
think it’s fine to discuss this relationship in a correlative framework (as in most of the paper), 328 
but around line 309 this is not the case. 329 
Response: We agree with the reviewer that we do not have a priori idea of how “small” a 330 
community would need to be in order to be vulnerable to drift.  We agree with the reviewer we 331 
should discuss this part in a correlative framework. 332 
 333 
Revised text: 334 



Stochasticity can also be ascribed to ecological drift if it is positively correlated with richness 335 
when community sizes are at their smallest, because the probability of extinction is expected to 336 
increase when the total species pool is large relative to the local community size 55. Additionally, 337 
a consequence of ecological drift is high beta diversity, which can lead to high, joint richness 338 
(Fig. 5H). Again, we find that the strength of stochasticity is positively correlated with mean 339 
fungal richness for the six replicates that constitute each of the 171 samples (week, 340 
compartment, treatment) (Fig 5H). 341 
 342 
Reviewer’s final comment 343 
Finally, my broad impression of the paper is that it has an interesting experiment, but the 344 
authors push their results too far. I do not think the authors need to be so focused on 345 
definitively showing “drift”, especially because nobody (myself especially) will believe that they 346 
can observe drift in a natural system. However, like Reviewer 3 wrote in their review, “I think 347 
that it would be completely reasonable for the authors to discuss drift as one mechanism 348 
driving the patterns observed, but this is just one possibility for their results”. Again, I would 349 
like to re-iterate that these opinions are my own, and were not informed in any way by those of 350 
Reviewer 3. The high overlap between my comments and theirs, however, indicates that their 351 
comments were not adequately addressed. 352 
Response: We thank the reviewer for pointing out the value of our work. 353 
 354 
We understand the belief that the complexity of natural systems hides the action of drift. We 355 
hope that readers will abandon their beliefs and accept our data and analyses arguing that we 356 
detect drift in leaf and root, fungal community assembly.  We understand that to achieve this 357 
goal we need to emphasize the simplicity and uniformity of our natural system, which made it 358 
possible for us to detect drift. 359 
 360 
We now add stochastic dispersal (or stochastic colonization in the case of newly emerging 361 
leaves and roots) to drift as stochastic forces responsible for the assembly of fungal 362 
communities in our sorghum system. 363 
 364 
We revised our conclusion according to the reviewer’s comment. 365 
 366 
Revised text: 367 
In early leaves and roots, we detected stochasticity (| NTI| < 2 and |RCI| < 0.95) characteristic 368 
of communities lacking dominant effects of dispersal (homogenous dispersal, dispersal 369 
limitation) or selection (variable selection, homogeneous selection) 46. This stochasticity, 370 
negatively correlated with fungal community size, was most likely caused by ecological drift, 371 
but we cannot rule out a contribution by the initial, stochastic aspects of dispersal, i.e., 372 



stochastic colonization. Our detection of ecological drift in sorghum mycobiome almost 373 
certainly rests on our ability to capture and detect small fungal communities in early leaves and 374 
roots by weekly sampling beginning with seedling emergence, the choice of an extremely 375 
simple agricultural system with one species of plant and mechanical homogenization of soil, 376 
and the recent development of statistical methods that allow us to retrieve the stochastic 377 
component of compositional variance 46. Our detection of drift in a very simple system raises 378 
the possibility that drift is also important in community assembly in truly natural systems. 379 
However, in these systems, which are complex, detection of drift would be far more difficult. 380 
 381 
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Figure 399 
Correlation of community dissimilarity and geographic distance using an unweighted metric, 400 
Jaccard dissimilarity. Only two tests show significance (P<0.01), Soil at week 14 and week 17, 401 
well after our evidence for stochasticity in leaves at weeks 1 to 7 and in roots at weeks 1 to 3. 402 
 403 

 404 
 405 



REVIEWERS' COMMENTS: 

Reviewer #4 (Remarks to the Author): 

Discussing results more as stochasticity and less as drift has been a positive change to this 
manuscript, and has addressed many of my previous comments. 

However. The authors still present drift as a primary community assembly mechanism in their 
experiment, but in their statistical analyses drift is a null hypothesis. In their response to my 
previous comments, the authors agree that the inability to reject a null hypothesis is not evidence 
for that null hypothesis. However, their manuscript still presents drift as a result of their analyses, 
when in fact it is not. My main issue with this manuscript has not been addressed. I think it’s fine 
to describe the results of beta-NTI and RCI as ‘stochasticity’, but making the leap to a definitive 
observation of drift is not appropriate. Again, there is a clear path forward for the authors to 
discuss drift as a possible mechanism, but the definitive language the authors use currently is not 
warranted. For a glaring example in the current manuscript, see lines 486, 491-492, and 802. 

Additionally, I do not think drift is the only explanation for stochasticity corresponding to 
community size. It’s true that small communities (small meaning fewer individuals) are more 
vulnerable to drift. This is indisputable. But those small communities are also vulnerable to 
dispersal, the other stochastic community assembly process. For example, imagine jars of 
multicolored marbles on the floor. Some jars have hundreds of marbles, others have as few as 3 
or 4. Now you randomly add a couple red marbles to each jar, simulating a stochastic dispersal of 
microbes across the jars. The community composition of jars that had few marbles will see the 
greatest variability in change (stochasticity), as a function of the random number of marbles that 
were added. But jars that had many marbles will all change very little, and therefore experience 
low variability in change. Note that this 1-species example is extremely reductive, but I’m sure the 
authors can see how a multi-species example would result similarly. Putting my juvenile example 
aside, stochastic dispersal is also extremely difficult to account for in natural systems. This would 
not be detectable via Mantel analysis, since we’re talking about UN-limited dispersal, not dispersal 
limitation. Thus, I think stochastic dispersal is as-good of an explanation as drift for stochasticity in 
microbial community structure and its relationship to community size (as estimated by qPCR). 

Really I think this manuscript would be fine if the authors discuss drift as a possible mechanism, 
rather than a definitive conclusion.






