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Figure S1. Aerial view of Loma Ridge research site and close up of rain shelters atop drought plots. (A) Satellite image of the LRGCE site in the Santa Ana Mountains, within the Irvine Ranch National Landmark in Orange County, California, USA, showing the smaller plots in the annual grassland and the larger, adjacent plots in the CSS, bar scale in bottom left for reference. Crosshatching indicates the area of a February 2007 control burn (note: all plots burned soon after in the Santiago wildfire, see Kimball et al., 2014). Plots are color coded by water treatment, with red indicating reduced rainfall (drought), green for ambient rainfall, and blue for added water (not included in this study). Thick dashed lines indicate water collection pipelines, and solid black lines indicate water distribution pipelines. The black-outlined polygons indicate blocks containing all treatment combinations. Each plot (rectangle) was divided in half lengthwise, and nitrogen treatments (ambient or added) were randomly assigned. (B and C) Image of rain shelters in grassland plots uncovered and covered, respectively. 
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Figure S2. Precipitation in the Loma Ridge plots over 4.5 years of a decade long experiment. The green lines denote precipitation that fell only in the ambient (control) plots as it was blocked from the drought (reduced rainfall) plots. Plant survey and litter sample collection dates are marked by red arrows. 
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Figure S3. Microbial communities are impacted by seasonal variation. Non-metric multidimensional scaling (NMDS) ordination depicting (A) bacterial (B) fungal community composition. Symbols are defined in the legend in panel (A). Centroids are twice the size of sample points. Pairwise PERMANOVAs between microbial communities from sample collection dates coinciding with peak wet (January-March) and dry (June-September) seasons were significantly different P < 0.01.
[image: ] Note: Taxa (OTUs, operational taxonomic units) identified using a one-way SIMPER analysis for significant factors identified by the PERMANOVA tests (Table S2). For each factor, the average abundance of the top OTUs increases (+) or decreases (−) in the treatment relative to the ambient plots and the OTUs percent contribution (%) to the compositional differences between reduced water or added nitrogen inputs and ambient conditions.
np = not present in sample.
*Nitrogen treatments were not significant for fungal communities however trends in fungal taxa are reported.
Note: Taxa (OTUs, operational taxonomic units) identified using a one-way SIMPER analysis for significant factors identified by the PERMANOVA tests (Table S2). For each factor, the average abundance of the top OTUs increases (+) or decreases (−) in the treatment relative to the ambient plots and the OTUs percent contribution (%) to the compositional differences between reduced water or added nitrogen inputs and ambient conditions.
np = not present in sample.
*Nitrogen treatments were not significant for fungal communities however trends in fungal taxa are reported.
Note: Taxa (OTUs, operational taxonomic units) identified using a one-way SIMPER analysis for significant factors identified by the PERMANOVA tests (Table S2). For each factor, the average abundance of the top OTUs increases (+) or decreases (−) in the treatment relative to the ambient plots and the OTUs percent contribution (%) to the compositional differences between reduced water or added nitrogen inputs and ambient conditions.
np = not present in sample.
*Nitrogen treatments were not significant for fungal communities however trends in fungal taxa are reported.
Note: Taxa (OTUs, operational taxonomic units) identified using a one-way SIMPER analysis for significant factors identified by the PERMANOVA tests (Table S2). For each factor, the average abundance of the top OTUs increases (+) or decreases (−) in the treatment relative to the ambient plots and the OTUs percent contribution (%) to the compositional differences between reduced water or added nitrogen inputs and ambient conditions.
np = not present in sample.
*Nitrogen treatments were not significant for fungal communities however trends in fungal taxa are reported.
Note: Taxa (OTUs, operational taxonomic units) identified using a one-way SIMPER analysis for significant factors identified by the PERMANOVA tests (Table S2). For each factor, the average abundance of the top OTUs increases (+) or decreases (−) in the treatment relative to the ambient plots and the OTUs percent contribution (%) to the compositional differences between reduced water input or added nitrogen and ambient conditions.
np = not present in sample.
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Table S1. Summary of bacterial and fungal community sequencing.
Community and Variable Pre-rarefied a Post-rarefied b



Grassland CSS



Total
Ambient
Rainfall Drought



Ambient
Nitrogen



Added
Nitrogen



Ambient
Rainfall Drought



Ambient
Nitrogen



Added
Nitrogen



Bacteria
Total Sequences 2 489 402 209308 52331 47976 50153 50154 54483 54518 55599 53402
Median Sequences per Sample 5558 1090 1090 1090 1090 1090 1090 1090 1090 1090
Total OTUs c (100% similarity) 1197 1174 392 365 407 416 642 575 607 631
Relative Abundance of Top 25 OTUs (%) 44 47 57 59 54 57 50 50 51 48
Median OTUs per Sample 32 35 31 38 31 36 37 36 35 37
Mean Shannon Diversity (± s.e.) - 3.15 (0.04) 3.10 (0.08) 3.03 (0.11) 3.11 (0.09) 3.03 (0.10) 3.26 (0.07) 3.20 (0.07) 3.22 (0.07) 3.25 (0.08)



Fungi
Total Sequences 5 696 761 214950 56401 51089 58513 48977 51084 56376 51088 56372
Median Sequences per Sample 28031 1064 1064 1064 1064 1064 1064 1064 1064 1064
Total OTUs (100% similarity) 4190 3917 1434 1232 1517 1165 2081 1893 1898 2061
Relative Abundance of Top 25 OTUs (%) 50 50 59 58 57 60 41 48 46 44
Median OTUs per Sample 87 84 76 74 81 70 121 98 101 112
Mean Shannon Diversity (± s.e.) - 3.92 (0.03) 3.76 (0.06) 3.76 (0.06) 3.83 (0.05) 3.69 (0.06) 4.18 (0.07) 3.97 (0.07) 4.03 (0.08) 4.10 (0.07)



a Pre-rarefied samples n = 438.
b Post-rarefied samples n = 395; nbacteria = 192; nfungi = 203.
c OTUs = Operational Taxonomic Units
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Total Sequences

2 489 402 209308 52331 47976 50153 50154 54483 54518 55599 53402

Median Sequences per Sample
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Total OTUs c(100% similarity)
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Total Sequences

5 696 761 214950 56401 51089 58513 48977 51084 56376 51088 56372

Median Sequences per Sample

28031 1064 1064 1064 1064 1064 1064 1064 1064 1064

Total OTUs (100% similarity)

4190 3917 1434 1232 1517 1165 2081 1893 1898 2061

Relative Abundance of Top 25 OTUs (%)

50 50 59 58 57 60 41 48 46 44

Median OTUs per Sample

87 84 76 74 81 70 121 98 101 112

Mean Shannon Diversity (±s.e.)

- 3.92 (0.03) 3.76 (0.06) 3.76 (0.06) 3.83 (0.05) 3.69 (0.06) 4.18 (0.07)3.97 (0.07) 4.03 (0.08) 4.10 (0.07)
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= 203.
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OTUs = Operational Taxonomic Units
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Bacteriala Fungalb Plant
Survey/Sample collection dates Grassland CSS Grassland CSS Grassland CSS
April 2015 - - - - 16 16
August 2016 10 16 12 14 - -
December 2016 15 16 15 16 - -
March 2017 16 16 15 15 - -
June 2017 9 13 15 13 - -
September 2017 12 14 16 14 - -
December 2017 14 9 15 13 - -
March 2018 16 16 14 16 - -
Totals 92 100 102 101 16 16



Table S2. Number of microbial and plant samples included in the study after rarefaction.



a  Bacterial samples rarefied to a depth of 1,090 sequences.
b Fungal samples rarefied to a depth of 1,064 sequences.










Bacterial

a

Fungal

b

Plant

Survey/Sample collection dates Grassland CSS Grassland CSS Grassland CSS

April 2015 - - - - 16 16

August 2016 10 16

12 14

- -

December 2016 15 16 15 16 - -

March 2017 16 16 15 15 - -

June 2017 9 13 15 13 - -

September 2017 12 14 16 14 - -

December 2017 14 9 15 13 - -

March 2018 16 16

14 16

- -

Totals 92 100 102 101 16 16
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. Number of microbial and plant samples included in the study after rarefaction.

a  

Bacterial samples rarefied to a depth of 1,090 sequences.

b

Fungal samples rarefied to a depth of 1,064 sequences.
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Class Nearest Taxonomic ID OTU ID a Drought Experiment Nitrogen Experiment
Grassland % CSS % Grassland % CSS %



Bacteria
Actinobacteria Couchioplanes bcdf38b56057dd4477e60b11509a7d19 np c na d − 2.25 np na − 2.29



Curtobacterium 1785730613a3462cd513729e4d2105e7 + 5.45 + 2.64 − 5.15 + 2.57
Frigoribacterium aaa8848ae680ad429b3ade29166522a1 − 2.31 np na + 2.40 np na
Frigoribacterium dc82a6aa614466526b5d0890d10b7d79 − 2.15 + 1.17 + 2.10 + 1.18
Modestobacter 17cfcd002419bc363616675a2e67a78d − 0.34 − 1.93 + 0.35 + 1.95
Modestobacter 9d6d3c667c0ad15eb28de140a3354be1 − 1.44 + 1.66 + 0.46 − 1.64
Nesterenkonia 95311b9c82dd720c6a03c577a1105598 + 2.98 np na + 2.99 np na



Alphaproteobacteria Agrobacterium 2552d771c4db90b397fb0a8ce11f3f34 − 2.28 np na − 2.33 np na
Agrobacterium 08395ab1649653023ded96fbdd3c91b4 np na − 1.94 np na + 2.01
Methylobacterium 873cdc8f3395a02624e67011ae657a30 np na − 4.28 np na − 4.35
Sphingomonas ff7ac192e37d82ff023e1463105337ce − 0.34 − 1.64 − 0.35 − 1.65



Bacilli Planococcaceae 579d772237ba3080d015da5a119db073 − 2.67 + 0.52 + 2.39 + 0.53
Betaproteobacteria Janthinobacterium f76dfc32fd3d75d7e479377c9d12c1c5 − 3.70 + 2.84 + 3.60 + 2.88



Janthinobacterium 5116c15e3dc5952bc191ed035eb26257 − 2.20 − 4.07 − 2.30 + 4.08
Janthinobacterium adaf8937f969e1670c9c0608c3f27a88 np na − 2.64 np na − 2.48
Oxalobacteraceae e54f3924474f1a89a6b227aabedfac19 − 2.13 np na + 2.21 np na



Gammaproteobacteria Xanthomonadaceae 522e67fd09279346ab8fd40defea55fd + 4.99 np na + 4.67 np na



Cumulative contribution 32.98 27.58 31.30 27.61



Fungi b



Ascomycota Alternaria e5524ff4bd7d57a6ab6c132e61398402 − 4.36 + 3.00 + 4.40 − 2.99
Alternaria bdb1a3b0cc3fff98f06c3af08ef35ea2 − 2.80 + 2.05 + 2.83 − 2.06
Alternaria 435ec9717b244052bad4ab7904a45f16 − 2.29 + 1.41 + 2.28 − 1.42
Alternaria 7ca55426aea755263314ec9c4b12084b − 2.22 + 1.57 + 2.24 − 1.56
Alternaria fb7eb06fab9a17ea90b2985feaf2d5bc − 1.39 + 1.34 + 1.42 + 1.35
Alternaria 20e03f1ee27c78fd042e9581d27e7f04 + 0.90 + 0.92 + 0.92 − 0.93
Capnodiales 679f67dc9e1d5ab0f3243e11e77afb9a − 3.72 + 2.41 − 3.75 − 2.44
Capnodiales 8f240034c2693d103fc05dac2e10892b − 2.45 + 1.56 + 2.46 − 1.57
Capnodiales 52353670278f3f501acd8310a74bcad8 − 1.94 + 1.27 − 1.94 − 1.27
Cladosporium 0d23c7fb8ec8117dc8553a90e8277d0e + 2.42 + 3.06 + 2.39 − 3.06
Cladosporium 866aa412223e98069307981be90829e6 + 1.41 + 1.43 + 1.39 + 1.39
Cladosporium 910c92d447c4bd4ea4521601b69dfab6 + 1.09 + 1.22 − 1.07 + 1.17
Coleophoma fd2020165a09f3df92cddd761d327f0a + 0.33 − 0.97 + 0.33 − 1.01
Cylindroseptoria b54d4643c14f7cdd66f352e4b782ff72 + 0.31 + 2.41 − 0.32 + 1.73
Leptosphaeria 092401bdba7dffe1659418112f0566be − 1.21 − 0.47 + 1.22 − 0.45
Stemphylium c3397bad751d54869c069fa612505ccd + 1.29 + 0.84 + 1.28 + 0.83



Basidiomycota Vishniacozyma 0d7bea009c8bd62f8c5b0e9e8fd14907 − 1.01 + 0.43 − 1.00 − 0.43



Cumulative contribution 31.14 26.36 31.24 25.66
a  Taxa (OTUs, operational taxonomic units) identified using a one-way SIMPER analysis for significant factors identified by the PERMANOVA tests (Table 1). For each factor, the  



average abundance of the OTUs increases (+) or decreases (−) in the treatment relative to the ambient plots and the OTUs percent contribution (%) to the compositional differences   
between reduced water or added nitrogen inputs and ambient conditions.



b   Nitrogen treatments were not significant for fungal communities however trends in fungal taxa are reported.
c   np, not present in sample.
d na, not applicable.



Table S3. Bacterial and fungal taxa that each contribute to at least 1% of the compositional differences between the treatments by ecosystem. 










Class Nearest Taxonomic ID OTU ID a Drought Experiment Nitrogen Experiment

Grassland % CSS % Grassland % CSS %

Bacteria

Actinobacteria Couchioplanes

bcdf38b56057dd4477e60b11509a7d19 npc nad − 2.25 np na − 2.29

Curtobacterium

1785730613a3462cd513729e4d2105e7 + 5.45 + 2.64 − 5.15 + 2.57

Frigoribacterium

aaa8848ae680ad429b3ade29166522a1 − 2.31 np na + 2.40 np na

Frigoribacterium

dc82a6aa614466526b5d0890d10b7d79 − 2.15 + 1.17 + 2.10 + 1.18

Modestobacter

17cfcd002419bc363616675a2e67a78d − 0.34 − 1.93 + 0.35 + 1.95

Modestobacter

9d6d3c667c0ad15eb28de140a3354be1 − 1.44 + 1.66 + 0.46 − 1.64

Nesterenkonia

95311b9c82dd720c6a03c577a1105598 + 2.98 np na + 2.99 np na

Alphaproteobacteria Agrobacterium

2552d771c4db90b397fb0a8ce11f3f34 − 2.28 np na − 2.33 np na

Agrobacterium

08395ab1649653023ded96fbdd3c91b4 np na − 1.94 np na + 2.01

Methylobacterium

873cdc8f3395a02624e67011ae657a30 np na − 4.28 np na − 4.35

Sphingomonas

ff7ac192e37d82ff023e1463105337ce − 0.34 − 1.64 − 0.35 − 1.65

Bacilli Planococcaceae

579d772237ba3080d015da5a119db073 − 2.67 + 0.52 + 2.39 + 0.53

Betaproteobacteria Janthinobacterium

f76dfc32fd3d75d7e479377c9d12c1c5 − 3.70 + 2.84 + 3.60 + 2.88

Janthinobacterium

5116c15e3dc5952bc191ed035eb26257 − 2.20 − 4.07 − 2.30 + 4.08

Janthinobacterium

adaf8937f969e1670c9c0608c3f27a88 np na − 2.64 np na − 2.48

Oxalobacteraceae

e54f3924474f1a89a6b227aabedfac19 − 2.13 np na + 2.21 np na

Gammaproteobacteria Xanthomonadaceae

522e67fd09279346ab8fd40defea55fd + 4.99 np na + 4.67 np na

Cumulative contribution

32.98 27.58 31.30 27.61

Fungib

Ascomycota Alternaria

e5524ff4bd7d57a6ab6c132e61398402 − 4.36 + 3.00 + 4.40 − 2.99

Alternaria

bdb1a3b0cc3fff98f06c3af08ef35ea2 − 2.80 + 2.05 + 2.83 − 2.06

Alternaria

435ec9717b244052bad4ab7904a45f16 − 2.29 + 1.41 + 2.28 − 1.42

Alternaria

7ca55426aea755263314ec9c4b12084b − 2.22 + 1.57 + 2.24 − 1.56

Alternaria

fb7eb06fab9a17ea90b2985feaf2d5bc − 1.39 + 1.34 + 1.42 + 1.35

Alternaria

20e03f1ee27c78fd042e9581d27e7f04 + 0.90 + 0.92 + 0.92 − 0.93

Capnodiales

679f67dc9e1d5ab0f3243e11e77afb9a − 3.72 + 2.41 − 3.75 − 2.44

Capnodiales

8f240034c2693d103fc05dac2e10892b − 2.45 + 1.56 + 2.46 − 1.57

Capnodiales

52353670278f3f501acd8310a74bcad8 − 1.94 + 1.27 − 1.94 − 1.27

Cladosporium

0d23c7fb8ec8117dc8553a90e8277d0e + 2.42 + 3.06 + 2.39 − 3.06

Cladosporium

866aa412223e98069307981be90829e6 + 1.41 + 1.43 + 1.39 + 1.39

Cladosporium

910c92d447c4bd4ea4521601b69dfab6 + 1.09 + 1.22 − 1.07 + 1.17

Coleophoma

fd2020165a09f3df92cddd761d327f0a + 0.33 − 0.97 + 0.33 − 1.01

Cylindroseptoria

b54d4643c14f7cdd66f352e4b782ff72 + 0.31 + 2.41 − 0.32 + 1.73

Leptosphaeria

092401bdba7dffe1659418112f0566be − 1.21 − 0.47 + 1.22 − 0.45

Stemphylium

c3397bad751d54869c069fa612505ccd + 1.29 + 0.84 + 1.28 + 0.83

Basidiomycota Vishniacozyma

0d7bea009c8bd62f8c5b0e9e8fd14907 − 1.01 + 0.43 − 1.00 − 0.43

Cumulative contribution

31.14 26.36 31.24 25.66

a  Taxa (OTUs, operational taxonomic units) identified using a one-way SIMPER analysis for significant factors identified by the PERMANOVA tests (Table 1). For each factor, the  

average abundance of the OTUs increases (+) or decreases (−) in the treatment relative to the ambient plots and the OTUs percent contribution (%) to the compositional differences   

between reduced water or added nitrogen inputs and ambient conditions.

b   

Nitrogen treatments were not significant for fungal communities however trends in fungal taxa are reported.

c   np, not present in sample.

dna, not applicable.

Table S3. Bacterial and fungal taxa that each contribute to at least 1% of the compositional differences between the treatments by ecosystem. 
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