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How can we use soil microbiology to help citrus crops?

1. Indirect method: change the environment

2. Direct method: change the community



1. Indirect method: change
the environment

* Add a "food” source for microbes: carbon
* Compost

e Plant material — cover crops
* Develop soil organic matter (SOM)

Disturb the soil less often

Keep roots within the soil
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1. Indirect method: change the environment

Benefits

* Encourage native microbes to grow — likely beneficial microbes already in
soil!

* Increase soil microbial diversity:
* Increase nutrient cycling
* More competition for resources

Difficulties

 Soil organic matter (SOM) is very low in Florida

* Increasing SOM takes TIME — results may not occur after only 1 year

* Native soil microbial community not well characterized — and likely
unique for each location



1. Indirect method: change the environment

* Greenhouse trial of HLB-affected
and non-affected trees

* 3 soil amendments:
* Field soil

* Field soil + compost (5% v/v)
* Field soil + biochar (3% v/v)

* 2irrigation rates:
* 100% evapotranspiration (ET)

° 75%ET

* 1.5 year experiment

Collaboration with Dr. Davie Kadyampakeni
and Dr. Arnold Schumann, UF/IFAS CREC
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Tree height impacted by soil amendments
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* Root length density was significantly impacted by soil amendments
* Compost amendment reduced water-stress in HLB-affected and healthy trees

* Soil and tree nutrient data still being analyzed




Soil amendments impacted soil microbial community composition
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Irrigation level impacted soil microbial community composition

Diseased Healthy

o || ...

Genus
40 -
|| Bradyrhizobium
. Bryobacter
20 -
Conexibacter
. Crenotalea
0 -

elsoRg

PN

o))

O

c

©

2

é . Gemmatimonas

o . Mizugakiibacter

= .

E 60 - . Nevskia

QG:J . Nitrolancea
40 - ':E,n . Pseudolabrys

Q . Trichoderma

20 -

o
1

Field soil (FS) -
FS + 3% Biochar -
FS + 5% OM -
Field soil (FS) -
FS + 3% Biochar -
FS + 5% OM -



. Indirect method: change the environment

* Bahiagrass planted in row middles of established commercial grove

Collaboration with Dr. Ramdas Kanissery, UF/IFAS SWFREC

. No-treatment control
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Cover crop can influence soil microbial community
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2. Direct method:

change the
community

Add specific microbes to the soil

“Probiotic” approach
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2. Direct method: change the community

Benefits

* Potentially target specific microbial function
* Example: specific bacteria to control soilborne disease

* Specific Bacillus sp. may increase plant growth

Difficulties

» Beneficial taxa can be very crop and/or environment specific

* Unknown how introduced organisms will interact with native
organisms

* Unknown what conditions are necessary to keep introduced
organisms alive and increasing in number



2. Direct method: change the community

* Apply biostimulants to mature trees in two commercial groves:

* High-input management (> $2,000/acre)
* Low-input management (+ $S1,000/acre)
* Same rootstock, similar tree age, all affected by HLB

Collaboration with Dr. Ute Albrecht, UF/IFAS SWFREC
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2. Direct method: change the community

* Treatments:
* Pure liguid seaweed

(Ascophyllum nodosum)
* Soluble fluvic acids (69%)

* Beneficial microbes (Bacillus

spp. plus Trichoderma)
* Seaweed + microbes

* Fulvic acids + microbes
* No-treatment control

* Complete randomized design with 6
replications (5 trees/replicate)

* Monthly applications (soil drench)
begun in November 2016




Six-month evaluation: Low input management

Control 20.3 269b
Fulvic acid (FA) 41.5 20.5 0.32 33.8 ab 2.6
[ Seaweed (SW) ] 42.0 24.1 0.22 [ 479 a ] 2.7
Microbes (MB) 52.3 19.7 0.22 38.7 ab 2.4
FA + MB 41.5 19.7 0.36 26.6 b 2.5
[ SW + MV ] 66.0 22.8 0.23 [ 47.7 a ] 2.4

P>0.05 P>0.05 P>0.05 P=0.0133 P>0.05

TRL = Total root length; SRL = Specific root length; REL = Root electrolyte leakage
TTC = Method to determine root metabolic activity
DI = HLB disease index (0 = no symptoms, 5 = > 75% of canopy with symptoms



Six-month evaluation: High input management

Control 16.4 44 .1
Fulvic acid (FA) 39.8 15.0 0.28 37.1 2.5
Seaweed (SW) 60.4 15.9 0.17 43.1 2.0
Microbes (MB) 31.9 16.8 0.29 46.5 2.2
FA + MB 61.6 14.7 0.19 46.9 2.2
SW + MV 59.7 18.9 0.23 45.5 2.2

P >0.05 P>0.05 P>0.05 P>0.05 P >0.05

No significant treatment effects

TRL = Total root length; SRL = Specific root length; REL = Root electrolyte leakage
TTC = Method to determine root metabolic activity
DI = HLB disease index (0 = no symptoms, 5 = > 75% of canopy with symptoms



Management impacted soil microbial interactions

High input management Low input management




Management may impact soil microbial functions

Function

Transporters

ABC transporters

Two-component system

DNA repair and recombination proteins
Oxidative phosphorylation

Lipid biosynthesis proteins

Glycolysis / Gluconeogenesis

Bacterial motility proteins

Peptidases

Transcription machinery

Pyruvate metabolism

Purine metabolism

Transcription factors

Methane metabolism

Arginine and proline metabolism

Carbon fixation pathways in prokaryotes
Valine and leucine and isoleucine biosynthesis
Butanoate metabolism

Amino sugar and nucleotide sugar metabolism
Propanoate metabolism

Valine and leucine and isoleucine degradation
Alanine and aspartate and glutamate metabolism
Fatty acid metabolism

Saprotroph
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What’s next for soil
microbes in citrus?

Increase understanding of relationship between
community composition and function

Examine methods to assess inoculation and
abundance of added organisms

Optimize methods for adding SOM to Florida
soils
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