


2

n
atu

re
research

|
rep

o
rtin

g
su

m
m

ary
A

p
ril2020

Field-specific reporting
Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

Life sciences Behavioural & social sciences Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Ecological, evolutionary & environmental sciences study design
All studies must disclose on these points even when the disclosure is negative.

Study description

Research sample

Sampling strategy

Data collection

Timing and spatial scale

Data exclusions

Reproducibility

Randomization

Blinding

Did the study involve field work? Yes No

Field work, collection and transport
Field conditions

Soil microbiomes are rapidly becoming known as an important driver of variation in plant phenotypes and may mediate plant
responses to environmental factors, including warming and drought. However, integrating spatial scales relevant to climate change
with plant intraspecific genetic variation and soil microbial ecology is difficult, making studies of broad inference rare. Here we
hypothesize and show: 1) the degree to which tree genotypes condition their soil microbiomes varies by population across the
geographic distribution of a widespread riparian tree, Populus angustifolia; 2) geographic dissimilarity in soil microbiomes among
populations is influenced by both abiotic and biotic environmental variation; and 3) soil microbiomes that vary in response to abiotic
and biotic factors can change plant foliar phenology. We show that soil microbiomes respond to intraspecific variation at the tree
genotype and population level, and geographic variation in soil characteristics and climate. Using a fully reciprocal plant population
by soil location feedback experiment, we identified a climate-based soil microbiome effect that advanced and delayed bud break
phenology by approximately 10 days overall. Geographic functional variation in the soil microbial community mediates variation in
foliar bud break phenology. These results demonstrate a landscape-level feedback between tree populations and their associated soil
microbial communities and suggest that soil microbes may play important roles in mediating and buffering bud break phenology with
climate warming, with whole ecosystem implications.

Populus angustifolia James is a dominant tree species distributed throughout high elevation riparian zones (900 to 2500 m) along the
Rocky Mountains from southern Alberta, through the intermountain United States, and into northern Mexico. During May and June
2012, 17 distinct P. angustifolia populations were surveyed collectively from three different genetic provenances (Arizona, Eastern,
and Northern/Wasatch Clusters) across a gradient of ~1700 kilometers of latitude from southeastern Arizona to south central
Montana.

Field sampling at each tree population was performed random in nature to maximum variation in tree phenotypes and the soil
environment. This work spanned 17 populations and 3 underlying genetic provenances of Populus angustifolia. Each tree population
has multiple sites spanning the elevational extent of Populus angustifolia in that riparian corridor. Great effort was taken to maximize
sampling size and general feasibility of the study.

Field data collections were performed in two seperate years: 2012 and 2015. Field collections in 2012 were performed by Ian Ware,
Michael Van Nuland, Courtney Gorman, Jennifer Schweitzer, and Joe Bailey. Field collections in 2015 were performed by Ian Ware. To
separate the conditioning effects of P. angustifolia from underlying site differences, tree-conditioned soils were collected at the base
of each trunk (within 0.25 m) and unconditioned interspace soils were collected from a random location away from the tree canopy,
no less than five meters from the trunk and consistently outside of the drip line of each tree canopy. To capture the range of genetic
variation that occurred in each tree population, we identified and sampled from 3 to 5 collection sites within each population: the
highest and lowest elevation site with P. angustifolia trees and variable intermediate locations (1–3) within each riparian
area.Experimental data collection spanned 2015-2017 and was performed by Ian Ware, Liam Mueller, Michael Van Nuland. Mean
characteristics measured in the field and inoculation study did not statistically vary by data collector.

Field data collections were performed in two separate years: May - June 2012 and May - June 2015. Seventeen distinct P. angustifolia
populations were surveyed collectively from three different genetic provenances (Arizona, Eastern, and Northern/Wasatch Clusters)
across a gradient of ~1700 kilometers of latitude from southeastern Arizona to south central Montana. Tree populations were
sampled after spring bud break and leaf flush, and sampling efforts starting in the most southern site and headed northward until all
populations were sampled.

No data was excluded

Each individual detail of sampling effort, experimental design, data processing, and statistical approach are included in the Methods
section to best ensure reproducibility of this study.

After soil inoculations, transplanted cuttings were randomized using a random number generator on the bench tops to remove any
microsite variation in light and temperature within the greenhouse.

Blinding was not needing in this study as trees were not aware of which soil inoculation they were to receive.

The study conditions for field collections were indicitive of late spring and early summer in the Rocky Mountain Region of the United
States. 95% of sampling days were sunny ranging in temperature from 12 - 29 degrees C.




