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How do we reverse the current decrease in i
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Need ~2.4% increase per year to feed
the global population in 2050

Source:  IFFRI IMPACT simulations.




Plant-based Agriculture: A complex system
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Roots recruit a myriad of microbes
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Root recruitment promotes clear community shifts

Bacterial Communities Fungal Communities
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Soil =
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bank

Phillipot. 2013. Nature
Reviews Microbiology




What are the primary factors driving microbiome assembly?

NZ Biotic factors

4 »*Microbe source seed, soil, air

% Plant properties species genotype
age Plant community diversity

Macroorganisms

' Protists, nematodes, aphids
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Abiotic factors

Soil properties
pH texture organic content

Climate |
Temperature Water availability |,

-> Identify microbial indicators/predictors of crop and soil health
- Maximize the influence of seed microbiome manipulation on
plant fitness and productivity




Can we improve plant-microbiome
benefits through breeding?

» Has domestication altered crop mutualisms?

» Has breeding under ideal plant growth conditions
reduced the recruitment of beneficial microbes?




Example: Can we use knowledge of
microbiomes to enhance drought tolerance?

(Photo: Joseph Murphy/lowa Soybean Association)




Soil water content influences community composition
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Soybeans enrich for Actinobacteria during serlal plant
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Bell. 2019. Phytobiomes J. 3:3-21
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Many plant species enrich for Actinobacteria under drought

Control Drought

>30 diverse plant species Sorghum

Well-watered Drought

Endosphere Rhizosphere Endosphere Rhizosphere Metatranscriptomics
A (Pf 'c}.%os) B (Pg'%ﬂS) C (Pg'?).zpz) D (Pg'?).szs)

——Sporobolus cryptandrus 1120 I — 11210
Pﬂfr.’an’s arundinacea “ || I | Rhizosphere
eum ,Dra!enge Defense mechanisms- e!
— Festuca arundinacea 11 /1 o [ 1 N B Signal jon- !
gnal transduction- e o
Bromus inermis. . I | ] B Function unknown IO M t b I m
L Asparagus officinalis [ — e no : etapoiomics
lantago rugelii IET T I || Intracellular trafficking® |
lantago major eneral function pre iction- L
Solanum dulcamara [ [ 1 — I T Cell membrane biogenesis - '® | |
onvolvuius arvensis T e A | | — Cellmotiity | o Glycerol 3-PO,
selepias incarnata, Iy | - = ] [Emr Lipid transport- e i
—Symphyoltrichum ericoides B ] = T | l-_ Coenzyie"anszom 4 relative abu r_‘ldance
Sonchus oleraceus 1075 s I o o | Energy production] e Isolates
Sonchus arvensis 10 ) I — |1 — ci '
ichorium infybus 1l i — o — Inorganic fon transport; @ 23
Arctium minus [0 | Translation ribosomes- @ £z
Persicaria maculosa B B B Replication and repair) @ » g2 Root fresh weight
— i maranthus aibus 1 1 s (T s [ Transcription @ | oz 9
1 Potentilla recta 1T )y (N [ | o | 1 Nucleotide transport- @ 23 Drought
_:geum canadense [ n— | IR Postransiational. e ! i o
i ] / Cell cycle control- I e <27 SO
_@ﬁgﬁg&fgﬁﬁus b e I B Secondary metabalites) ;¢ H w0 A +
= Desmodium canadense  INET I“ I T | mnr CDEELEETR - C is
Egenotﬁera perennis | — 1 — | — Earkolyiateltens ; or kS N 301
enothera biennis [T ] I I | © o N )
epidium densiflorum M | I T E & & 2 4 20
apsella bursa-pastoris [ | BT ] Weeks post drought Mock  Sct Sc2
isymbriumn officinale Mrr—— ] MW i - Control
T T T 1 T o S )’09\5‘))‘0@6‘)’)’0\3\5‘37 .Control
120 80 40 0 MY § e, $ 0 G, 6‘06‘00 \5‘0600

[ Drought [

ive abundance su: {> : $
Actinobacteria i O

Fitzpatrick. 2018. PNAS 115:e1157 Xu. 2018. PNAS 115:e4284 Mock St

uy|
@
Q
=
=
)




» Can we breed/engineer plants to better recruit
beneficial microbes/microbiomes?

> Can we breed microbes/design biologicals to
enhance their benefits to host plants?




What are the mechanisms by which specific
management practices promote ecosystem health?

Plant diversity
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Monoculture
Cover crops
Crop rotations

Intercropping y

Inputs
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Fertilizer rate, timing
Herbicides/Pesticides
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Cultural practices

(Till/No-till )
Plant time
Irrigation/Drainage
Livestock mqgt
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- Design novel or improved management

practices




Fundamental understanding of plant microbiomes

» How do plant exudates/bacteriophage/
nematodes/protists affect the ecology/evolution/
function/development of plant microbiomes?

» How do microbes/microbiomes prime the plant
Immune system against pests and pathogens?

» How do microbe-microbe and microbe-plant-insect interactions
influence
microbiome diversity, function and resilience?
microbiome impact on nutrient cycling and C sequestration?




Common study systems

Model plant species Major crop species
Arabidopsis

thaliana
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Brachypodium
distach

Medicago prachyon

trichocarpa

truncatula




Challenges in plant microbiome studies

L)
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» Large number of plant species (~7,000 cultivated crop species)*
and varieties (cultivars, landraces, elite varieties) of each
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» Extensive permutations of Plant genotype x Environment
X Management x Microbiome interactions - affect
repeatability, generalizability and experimental sampling

“ Wide diversity of spatial scales (um - field = region

—> planet) and temporal scales

L)

L)

» High environmental heterogeneity

L)

*Khoshbakht. 2008. Genet Resour Crop Evol 55:925




Technology needs
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% Approaches to separate microbial metagenomes/ metatranscriptomes
from host DNA/RNA

“ Improved taxonomic identification and databases that allow for the
integration of distinct information

“ Whole genome-based identification and associated impacts on
plants, animals and the environment for risk assessment and permits
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Opportunities presented by plant microbiome studies

% Experimental control, sample accessibility, high sample numbers
% Availability of long-term sites with known historical management

% Opportunities for comparisons such as evolutionary (e.g., pre- vs
post-domestication) and ecosystem (agriculture vs. natural)

% Short path to translate fundamental findings into application

% Strong infrastructure for dissemination of applications &
opportunities to engage farmers




Broad relevance of plant microbiome studies

» Sustainable crop production for food, feed and fiber (bioenergy)
» Environmental health (phytoremediation, forest health)

» Human health (human pathogens on plants, digestibility)

Soil Degradation
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» Climate change mitigation -
(N cycling impacts, C sequestration) .
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Funding & Organizations
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Crop Science Society of America
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Private sector companies
(agricultural biologics, seeds, crop protection chemicals)

International Alliance for Phytobiomes Research Sponsors
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