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SOYBEAN RESISTANCE TO PHAKOPSORA PACHYRHIZI AND
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Soybean crops are constantly threatened by plant pathogens such as Phakopsora pachyrhizi
and Phytophthora sojae causing soybean rust and stem and root rot, respectively. Chemical
methods of control are expensive and of limited efficacy, and genetic control has only yielded
partial or temporary resistance so far although many efforts are underway to characterize
resistance traits. In recent months, a few reports have highlighted the potential of silicon (Si)
feeding for reducing soybean rust infection, an approach easy to implement under different
conditions. Si has long been known for its prophylactic properties against plant pathogens
especially in the case of Si-competent plants such as rice, wheat and cucumber. Previously,
soybean has rarely been tested for its response to Si feeding mainly because it was mostly
considered a low Si absorber. New evidence indicates that soybean plants do possess Si
transporters but that there exists a great variability among soybean cultivars in terms of their
ability to absorb Si. To determine if this ability could be exploited, we tested different
soybean cultivars fed, or not fed, with Si against P. pachyrhizi and P. sojae. Firstly, the
results indicated that some cultivars absorbed Si in quantities as high as 1.8%, a value within
the range of some Gramineae plants known as high Si absorbers. Secondly, plants
supplemented with Si displayed a much higher level of resistance against both P. pachyrhizi
and P. sojae, with a strong correlation between the quantity of Si absorbed and the resistance
to the pathogens. This was particularly evident in the case of one cultivar that was
systematically the most sensitive when tested in the absence of Si and the most resistant if fed
with Si. This cultivar absorbed more Si than any other cultivar, a trait that could seemingly
be exploited to increase soybean resistance to plant pathogens.
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Soybean diseases

Phytophthora Root and Stem Rot of soybean (PRSR)
Phytophthora sojae

Asiatic Soybean Rust (ASR)

Phakopsora pachyrhizi
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PRSR

Agent : Phytophthora sojae

Symptoms:
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Soybean diseases

Phytophtora Root and Stem Rot of soybean (PRSR)
Phytophthora sojae
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Asian Soybean Rust

Agent : Phakopsora pachythi:

Symptoms:

http://www.scientificamerican.com/
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GLOBAL EXPANSION OF SOYBEAN RUST
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Disease management

PRSR: Gene for gene resistance used with success
BUT new races of the pathogen agent

appear quickly

ASR: No known resistance

Fungicides (?)
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Hypothesis

Utilization of silicon on soybean crops
may help to control diseases such as
PRSR and ARS
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Silicon in agriculture
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First Announcement

icipate in the 4th International Conference on Silicon in Agriculture to be

\ |30 March 2008
30 May 2008
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Indirect effects of silicon on plants

o Support for cell walls

o Reduction of water loss by
evapotranspiration

o Reduction in certain heavy metal
toxicities

o Resistance to pest and pathogens
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Consensus: prophylactic role

Beneficial in many plant/pathogen interactions

n cucumber - powdery mildew

o cucumber -Pythium

o rice - blast

o wheat, barley, oat - powdery mildew

o sugarcane - leaf diseases
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Long English Control

cucumber/Powdery
mildew
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Long English cucumber -Pythium
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Wheat-Powdery mildew
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The enhancement of plant
resistance by Si appears to be a
universal response ...

...as long as Si is absorbed by the
plant.
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How do plants

absorb silicon
7
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nature

LETTERS

Vol 440 30 March 2006 dei10,1038/nature04590

A silicon transporter in rice

Jian Feng Ma', Kazunori Tamai'*, Naoki Yamaji'*, Namiki Mitani'*, Saeko Konishi’, Maki Katsuhara',

Masaji Ishiguro”, Yoshiko Murata® & Maszhire Yano'

Silicon is beneficial to plant growth and helps plants 1o overcome
abiotic and biotic stresses by preventing lodging (falling over) and
increasing resistance to pests and diseases, as well as other
stresses' ", Silicon is essential for high and sustainable production
of rice', but the molecular mechanism responsible for the uptake
of silicon is unknown, Here we describe the Low silicon rice 1
(Lsil) gene, which controls silicon accumulation in rice, a typical
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13.9 kb between the markers Isil-a and Isil-6 (Fig. 2a, b). Using gene
predictson software we predicted a gene in the candidate region
(Fig. 2b}, sequenced it and made comparisons between the wild type
and L] mutant. We found a mutation in the DNA sequence of the
candidate gene (G in the wild types A in the mutant) that results in an
amino ackd change from alanine in the wild type to threonine in the
mutant at position 132 {Fig. 2d). Thus, we considered this candidate
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...SO0 what plants In
agriculture can benefit from
silicon?

» Plants known to absorb silicon

Sugarcane
Cucumber
Rice
Wheat
Banana
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What

about

soybean?
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Does soybean possess Si transporters?
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Attributes to be an active silicon
transporter protein

Well characterized Si transporters in
Rice, Maize, Barley, Wheat, Cucumber,
and Horsetail

Study of several
features in known
and putative genes

New Observations

N All have six trans-membrane
helix, two NPA domain, GSGR
I | AN selective filter,
Candidate gene identification :5:;:||‘1’:c;

in well annotated soybean ~ transporters
genome and 32 other plants \




Characterized silicon transporter genes in different plant

species

Rice
Wheat
Barley

Maize

Pumpkin

Horsetail

OsLsil
Talsil
HvLsil
ZmlLsil

CmlLsil

EaNIP3,2;

EaNIP3,4a;

Monocots
NPA —NPA, GSGR, 6TM
NPA —NPA, GSGR, 6TM
NPA —NPA, GSGR, 6TM
NPA —NPA, GSGR, 6TM
Dicots
NPA —NPV, GSGR, 6TM
Primitive plants

NPA —NPA, STAR, 6TM

Ma et al., 2006
Montpetit et al., 2012
Chiba et al., 2008
Mitani et al., 2009

Mitani et al.,2011

Grégoire et al., 2012
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Is it functional?
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Protein
functionality

Heterologous expression of
TaLsil in Xenopus oocytes
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Functional analysis
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MRNAs

prepared in the
lab according to
in silico analysis
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Functional analysis
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Functional analysis
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Functional analysis

Buffer +
1.7 mM Si

INCUBATE 1 H
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Functional analysis

Zeeman atomic spectrometer

MEASURE OF THE SILICON CONTENT IN OOCYTES
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RESULTS
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Evaluation of Si uptake In
different soybean cvs and
Its effect on disease
resistance

World Soybean Research Conference IX

Durban, South Africa, 2013



Silicon concentration in shoots of soybean plants treated with
potassium-silicate amended solutions (1.7 mM Si).
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Williams

Si content
microanalysis




Effects of Si on

soybean rust "
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ASR Evaluation

WITHOUT...
—@—Cristalina
6 - O—Hikmop
1 —®—Majesta
*;],:')' 5 1 —A—Wiliams Il
o : 5 oA
n 4 |Il sl m .y uf e
& i T . A
(0]
AR
il A—4—A
0 | I I | I 1 1 | I 1

10 12 14 16 18 20 22 24 26 28 30
Days after inoculation

World Soybean Research Conference IX

Durban, South Africa, 2013




ASR Evaluation
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DISEASE ASSESSMENT :ASR
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Effect of Si uptake
against Phytophthora
sojae In soybean
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Stem and root rot
(Phytophthora sojae)
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O Evaluate Si-competent soybean plants’
tolerance to PRSR

Plant * Soybean
o Hikmok
o UL-soybean lines

Disease Stem and root rot
(Phytophthora sojae)
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O Evaluation of Si content in different
soybean lines

2.0 -

o] |

ul Si-
I Si+

% Si

World Soybean Research Conference IX
Durban, South Africa, 2013




Evaluation of Si-competent soybean
plants’ tolerance to PRSR
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Usual methodology: Inoculation of hypocotyls with a syringe (Dorrance et al. 2008.
doi:10.1094/PHP-2008-0118-01-DG)

Inconvenients

- Tedious
(plants inoculated
one by one)

- Inconsistent

- Bias caused by injury
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New method: Hydroponic system
Inoculation with zoospores

Production of zoospores in vitro
(Li et al., 2009. Journal of Phytopathology)

Mycelial plugs
in soil
decoction

—

7 day old P. sojae culture
(V8 Agar)

Incubation
time

Light conditions

5 days 25 | Continuous light

2 days 15 | Complete darkness
2 days 25 | Continuous light

1 day 15 | Complete darkness
1h 4

1h 25

Zoospore

cellular count

>  observation and ‘ inoculation of nutrient solution




Inoculation







A Evaluation of Si-competent soybean
plants’ tolerance to PRSR

0.5 1 2 3 4

(no canker; root
browning)



A Evaluation of Si-competent soybean
plants’ tolerance to PRSR
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A Evaluation of Si-competent soybean
plants’ tolerance to PRSR
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ora sojae: 24 days post inoculation

~ August 17, 2012
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( Conclusion

o Silicon can protect soybean against rust and
Phytophthora

o Protection is linked to the natural ability of soybean
cvs to absorb Si

o There is natural variation within soybean
germplasm for Si absorption

o Selection of Si competent cvs is an approach
compatible with all other genetic, chemical and
cultural methods
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