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Study description

Research sample

Sampling strategy

Data collection

www.cazy.org; http://peroxibase.toulouse.inra.fr/). Univec database: https://ftp.ncbi.nlm.nih.gov/pub/UniVec/. UNITE database: https://unite.ut.ee/. NOAA climatic
data https://www.ncdc.noaa.gov/cdo-web]) was used, and in addition, OrthoDB database was used (https://www.orthodb.org/). Finally, the publicly available
DEEMY database was accessed at http://www.deemy.de.

The study had three types of related data collection: 1) analyses of tree-cores 2) isolation and analysis of ECM communities using
taxonomic meta-barcoding, and shotgun metagenomics 3) Soil analyses as supporting metadata. I provide the detailed methods with
sample sizes in the sections below (and where relevant throughout the manuscript). The research took place in a temperate upland
forest ecosystem in Manistee National Forest Michigan, USA. and all analyses occurred at the University of Michigan.

Increment cores from Quercus rubra L, were obtained from 60 individual trees. Mycorrhizal root-tips comprising a wide-range of taxa
were sampled from associated root-systems using (n= 5) 11cm x 11cm square x 10cm deep cores that were composited on the
individual tree-basis. Soil samples were obtained from the base of each focal tree-stem and also composited on the individual tree
basis. Rationale for sampling was to maintain statistical power at the individual tree basis.

In May 2018, at each of the 12 sites we selected five mature Q. rubra individuals that were at least 10-m apart, we measured tree
diameter at breast height (1.3 m; DBH) in cm. We then extracted growth cores (to the pith) from the North and South aspect of each
tree at DBH using 5.15mm Haglöf increment borers. Soil cores, 5-cm diameter and 10-cm deep, were collected in both May and
August 2018. Five soil cores were taken radially around the dripline of each focal Q. rubra individual. Cores were immediately
transferred to the laboratory on ice, sieved at 2mm, and homogenized for each tree. Mycorrhizal root-tips comprising a wide-range
of taxa were sampled from associated root-systems using (n= 5) 11cm x 11cm square x 10cm deep cores that were composited on
the individual tree-basis. Sample sizes were not pre-determined, but sampling size was intended balanced sampling effort on an
individual stand basis and also comply with sampling restrictions in the National Forest

Data was collected by the following co-authors.

Tree-ring sampling (K.A + I.I). In May 2018, at each of the 12 sites we selected five mature Q. rubra individuals that were at least 10-m
apart, we measured tree diameter at breast height (1.3 m; DBH) in cm. We then extracted growth cores (to the pith) from the North
and South aspect of each tree at DBH using 5.15mm Haglöf increment borers. The samples were dried overnight at 100° C. We
mountemee cores on cradles and progressively sanded them by hand, from 100 to 600 grit. The mounted cores were digitized for
measurement by digitizing them on a flatbed scanner at a resolution of 1200 dpi. We measured yearly ring width (growth) of the
scanned tree cores using the Cybis CooRecorder program at a precision of 0.001 mm (Cybis Elektronik 2010). We then used the
program Cybis CDendro for individual cross dating and chronology assembly by site. Crossdating was achieved when TTest values
were greater than 5 for matching target samples using the P2YrsL normalization method67. We created master ring width lists that
were summed by stem to reflect the average yearly growth of each individual using cross dated North & South aspects. We
estimated historical DBH of focal trees at each year using the yearly ring width from our master chronologies.

Field Sampling (P.T.P, D.R.Z, W.A, K.A): Listed individuals participated in the collection of materials. Each member collected both tree-
core, fungal and soil samples.

Soil Analyses (P.T.P): Soil cores, 5-cm diameter and 10-cm deep, were collected in both May and August 2018. Five cores were taken
radially around the dripline of each focal Q. rubra individual. Cores were immediately transferred to the laboratory on ice, sieved at
2mm, and homogenized for each tree. Soil net N mineralization rates were quantified as an estimate of soil inorganic N availability for
soil samples collected in both May and August 2018. Soil inorganic N was extracted from fresh sieved soil using 2M KCl, followed by a
14-day aerobic incubation in order to measure rates of soil inorganic N mineralization. NO3- and NH4+ in soil extracts were analyzed
colorometrically. Total free primary amines (TFPA) in soil (primarily amino acids and amino sugars) was measured using fresh sieved
soil extracted with 2M KCl, extracts used for this purpose were identical to those used to measure extractable NO3- and NH4+ prior
to aerobic incubation. TFPA is expressed as umol leucine equivalents, because leucine was used as the analytical standard (Fig. S9);
estimates of TFPA availability may be considered relative indices of labile organic N availability in soil solution which is distinct from
N-SOM. Total C and N contents of dried sieved bulk soil (% of dry mass) were determined using combustion analysis on a LECO
TruMac CN analyzer for soil collected in May 2018. Soil pH was determined for 2:1 deionized water-soil slurries with an Accumet 15
pH meter for soil collected in August 2018.

DNA extractions, PCR, bioinformatics (P.T.P):

In August 2018, ECM root-tips were collected radially around the dripline of each focal Q. rubra individual; five cores were taken
around each tree, each core was 10-cm deep and 11x11 cm in area. Cores were obtained immediately adjacent to the soil cores
described above. ECM cores were pooled for each individual focal tree and within 12 days of sampling, definitive ECM root-tips with
high turgor were manually excised using a dissecting microscope after visually eliminating non-Quercus roots. Sampling was
standardized by visually assessing the tips of ~ 90% (wet weight) of all Quercus roots in each of the root cores. In total, 14,944
individual ECM root-tips were excised. DNA was extracted from lyophilized root-tips using the Qiagen DNeasy Plant Mini Kit (Hilden,
Germany) and DNA pools were split for amplicon and metagenomic sequencing. The ITS2 fragment of rRNA was amplified using PCR,




