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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 

Asiatic Soybean Rust (ASR) 

Phytophthora Root and Stem Rot of soybean (PRSR) 

Phytophthora sojae 

Phakopsora pachyrhizi 
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Agent : Phytophthora sojae 

PRSR 

Symptoms: 



Direct penetration; 
colonization 

Root exudates attract 
zoospores 

Oospores 
survive in soil 
and debris 

Soil become 
saturated 

Formation of sporangia, 
release of zoospores 

Oospores form in root 
cortex 

oogonium 
Stem canker, wilting, death 

Adapted from Dorrance et al. 2007 
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Soybean diseases 

Asiatic Soybean Rust (ASR) 

Phytophtora Root and Stem Rot of soybean (PRSR) 

Phytophthora sojae 

Phakopsora pachyrhizi 
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Asian Soybean Rust 

Symptoms:  

http://www.scientificamerican.com/ 

Agent : Phakopsora pachyrhizi 



Adapted from Hahn, 2000 

LEGUMES 
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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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Utilization of silicon on soybean crops 
may help to control diseases such as 
PRSR and ARS 

Hypothesis 
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Silicon in agriculture 
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Fourth International Conference on Silicon 

in Agriculture since 1999 
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 Support for cell walls 

 Resistance to pest and pathogens  

 Reduction of water loss by 

evapotranspiration 

 Reduction in certain heavy metal 

toxicities 

Indirect effects of silicon on plants 
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Consensus: prophylactic role 

Beneficial in many plant/pathogen interactions 

 cucumber - powdery mildew 

 cucumber -Pythium 

 rice - blast  

 wheat, barley, oat - powdery mildew 

 sugarcane - leaf diseases 
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Si+ 

Control Long English 
cucumber/Powdery 
mildew 
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Long English cucumber -Pythium 

Control 
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Control Si+ 

Wheat-Powdery mildew 
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Rice-blast  

(Magnaporthe grisea) 

Control Si+ 
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…as long as Si is absorbed by the 
plant. 

The enhancement of plant 
resistance by Si appears to be a 
universal response … 
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How do plants 

absorb silicon 

?? 
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xylem 

Casparian strips 

endodermis exodermis 

Ls1 Ls1 Ls2 Ls2 
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…so what plants in 

agriculture can benefit from 

silicon? 

Plants known to absorb silicon 

Rice 

Wheat 

Banana 

Sugarcane 

Cucumber 
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What 

about 

soybean? 
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Does soybean possess Si transporters? 



Silicon 
transporters 

Unique 
features 

Search for 
putative Si 

transporters 

New Observations  

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

All have six trans-membrane 
helix, two NPA domain, GSGR 
selective filter, 

Study of several 
features in known 
and putative genes 

Attributes to be an active silicon 
transporter protein 

Candidate gene  identification 
in well annotated soybean 
genome and 32 other plants 



Plant species Si transporter Features  Reference 

Monocots 

Rice  OsLsi1 NPA –NPA, GSGR, 6TM Ma et al., 2006 

Wheat TaLsi1 NPA –NPA, GSGR, 6TM Montpetit et al., 2012 

Barley HvLsi1 NPA –NPA, GSGR, 6TM Chiba et al., 2008 

Maize ZmLsi1 NPA –NPA, GSGR, 6TM Mitani et al., 2009 

Dicots 

Pumpkin CmLsi1 NPA –NPV, GSGR, 6TM Mitani  et al.,2011 

Primitive plants 

Horsetail EaNIP3,2; 
EaNIP3,4a; ……. 

NPA –NPA, STAR, 6TM Grégoire et al., 2012 

Characterized silicon transporter genes in different plant 
species 

N C 

TM1 TM2 TM3 TM4 TM5 TM6 

LA                             LB                            LC                          LD                           LE  

G                                                                                            S     G      R 

N
PA

 N
PA

 



Prot Gene Loops Pore 

GmNIP1-2 Glyma14g35030 NPA NPA S V A R 

GmNIP1-3 Glyma07g34150 NPA NPA W V A R 

GmNIP1-5 Glyma02g41400 NPA NPA W V A R 

GmNIP1-6 Glyma14g07560 NPA NPA W V A R 

GmNIP1-7 Glyma05g29500 NPA NPV W V A R 

GmNIP1-8 Glyma08g12650 NPA NPA W V A R 

GmNIP1-9 Glyma05g29510 NPA NPA W V A R 

GmNIP1-10 Glyma08g12660 NPA NPA W V A R 

GmNIP1-11 Glyma13g29690 NPA NPA W V A R 

GmNIP1-12 Glyma15g09370 NPA NPA W V A R 

GmNIP2-1 Glyma09g37280 NPA NPA G S G R 

GmNIP2-2 Glyma18g49410 NPA NPA G S G R 

GmNIP3-1 Glyma15g00620 NPA NPV T I G R 

GmNIP3-2 Glyma08g23230 NPA NPV N I S R 

GmNIP3-5 Glyma10g36560 NPS NPV A I G R 

GmNIP4-1 Glyma02g15870 NPA NPA A V G R 

GmNIP4-2 Glyma10g03870 NPA NPA A V G R 

Prot Gene Loops Pore 

GmNIP1-2 Glyma14g35030 NPA NPA S V A R 

GmNIP1-3 Glyma07g34150 NPA NPA W V A R 

GmNIP1-5 Glyma02g41400 NPA NPA W V A R 

GmNIP1-6 Glyma14g07560 NPA NPA W V A R 

GmNIP1-7 Glyma05g29500 NPA NPV W V A R 

GmNIP1-8 Glyma08g12650 NPA NPA W V A R 

GmNIP1-9 Glyma05g29510 NPA NPA W V A R 

GmNIP1-10 Glyma08g12660 NPA NPA W V A R 

GmNIP1-11 Glyma13g29690 NPA NPA W V A R 

GmNIP1-12 Glyma15g09370 NPA NPA W V A R 

GmNIP2-1 Glyma09g37280 NPA NPA G S G R 

GmNIP2-2 Glyma18g49410 NPA NPA G S G R 

GmNIP3-1 Glyma15g00620 NPA NPV T I G R 

GmNIP3-2 Glyma08g23230 NPA NPV N I S R 

GmNIP3-5 Glyma10g36560 NPS NPV A I G R 

GmNIP4-1 Glyma02g15870 NPA NPA A V G R 

GmNIP4-2 Glyma10g03870 NPA NPA A V G R 
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Is it functional? 
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Protein 
functionality 

Heterologous expression of 

TaLsi1 in Xenopus oocytes 
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mRNAs 

Functional analysis 

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 

INCUBATE 1 H 

Buffer +  
1.7 mM Si 
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MEASURE OF THE SILICON CONTENT IN OOCYTES 

Functional analysis 

Zeeman atomic spectrometer 
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Silicon Transport activity of Lsi genes tested in 
Xenopus 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 

0 

0.2 

0.4 

0.6 

0.8 

1.0 

1.2 

1.4 

1.6 

Si
lc

io
n

 c
o

n
te

n
t 

(%
 p

la
n

t 
d

.w
.)

 

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

a a 

b 

c 



Williams Majesta 

Hikmok Cristalina 

Si content 
microanalysis 
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Adapted from Hahn, 2000 

Effects of Si on 
soybean rust 
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ASR Evaluation 

WITHOUT… 0 

0.2 
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ASR Evaluation 

… OR WITH SI 0 
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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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• Soybean   Plant 

o UL-soybean lines 

• Stem and root rot 
(Phytophthora sojae) 

Disease 

 Evaluate Si-competent soybean plants’ 
tolerance to PRSR 

o Hikmok 
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 Evaluation of Si content in different 
soybean lines 
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 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) 

- Tedious  
 (plants inoculated 
 one by one) 

- Inconsistent 

- Bias caused by injury 

Inconvenients 
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Adapted from Dorrance et al. 2007 



Zoospore 
observation and 

cellular count 

New method:  Hydroponic system 
Inoculation with zoospores 

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

7 day old P. sojae culture 
(V8 Agar) 

inoculation of nutrient solution 

Mycelial plugs 
in soil 

decoction 

Incubation 
time 

T˚C Light conditions 

5 days 25 Continuous light 

2 days 15 Complete darkness 

2 days 25 Continuous light 

1 day 15 Complete darkness 

1 h 4 

1 h 25 
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Inoculation 
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(no canker; root 
browning) 

0.5 1 2 3 4 

(death) 

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

August 17, 2012 
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Line E Line O 

Si- Si+ 
Si- Si+ 
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Conclusion 

 Silicon can protect soybean against rust and 

Phytophthora 

 There is natural variation within soybean 

germplasm for Si absorption 

 Protection is linked to the natural ability of soybean 

cvs to absorb Si 

 Selection of Si competent cvs is an approach 

compatible with all other genetic, chemical and 

cultural methods 
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