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Abstract 
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Soybean rust (SBR), caused by Phakopsora pachyrhizi, is one of the 
most destructive fungal diseases affecting soybean production. Silicon 
(Si) amendments were studied as an alternative strategy to control SBR 
because this element was reported to suppress a number of plant dis-
eases in other host–pathogen systems. In greenhouse experiments, 
soybean cultivars inoculated with P. pachyrhizi received soil applica-
tions of wollastonite (CaSiO3) (Si at 0, 0.96, and 1.92 t ha–1) or foliar 
applications of potassium silicate (K2SiO3) (Si at 0, 500, 1,000, or 
2,000 mg kg–1). Greenhouse experiment results demonstrated that Si 
treatments delayed disease onset by approximately 3 days. The area 
under disease progress curve (AUDPC) of plants receiving Si treat-

ments also was significantly lower than the AUDPC of non-Si-treated 
plants. For field experiments, an average 3-day delay in disease onset 
was observed only for soil Si treatments. Reductions in AUDPC of up 
to 43 and 36% were also observed for soil and foliar Si treatments, 
respectively. Considering the natural delayed disease onset due to the 
inability of the pathogen to overwinter in the major soybean production 
areas of the United States, the delay in disease onset and the final re-
duction in AUDPC observed by the soil Si treatments used may lead to 
the development of SBR control practices that can benefit organic and 
conventional soybean production systems. 

 

Soybean rust (SBR), caused by Phakopsora pachyrhizi Syd. & P. 
Syd. (Urediniomycetes, Uredinales), also known as Asian soybean 
rust, is a potentially devastating fungal disease that threatens 
commercial and organic soybean (Glycine max (L.) Merr.) produc-
tion worldwide (35). Severe SBR damage on soybean is a conse-
quence of windborne urediniospores, susceptible host plants with 
conducive environmental conditions at the time of infection, and 
the subsequent crop and pathogen development (13,14,16). A mini-
mum of a 6-h dew period and temperatures ranging from approxi-
mately 15 to 29°C are necessary for urediniospore infection 
(21,27,28). The main effects of P. pachyrhizi on soybean develop-
ment are a reduction in photosynthetic leaf area, early plant 
maturation, and premature defoliation, with low individual seed 
weight and overall yield reductions (49). Related to this, high lev-
els of SBR infection result in plants with fewer pods and poor seed 
quality (5); specifically, lower protein (34). 

Breeding single-gene resistance to control SBR in soybean has 
not proven durable (20); therefore, the most adequate option in 
managing an SBR epidemic is through the application of fungi-
cides, such as triazoles and strobirulins, which substantially in-
crease overall production costs. However, even with chemical con-
trol, in years of high SBR pressure, yield reductions of 
approximately 50% were observed (52). 

An alternative approach to manage plant disease and reduce the 
extensive use of fungicides is through nutrient management strate-

gies. Mineral nutrition plays an important role in the physiological 
functioning of plants, and has been shown to be an important com-
ponent for managing plant disease (8). Silicon (Si), supplied as 
H4SiO4, has been reported to increase plant resistance to biotic 
stresses (disease and insects) and improve plant tolerance against 
abiotic disturbances (8,10,23,25,26,40). 

Yield gains in plants supplied with Si have been attributed to 
several factors, such as increased plant growth, improved mineral 
nutrient balance, and mechanical strength. These benefits also pro-
vide the plant some resistance to various environmental stresses 
(8,10,42). Elevated Si content in plants known to accumulate Si, 
such as rice (Oryza sativa L.), sugarcane (Sacharum spp. L.), and 
wheat (Triticum aestivum L.), is associated with higher yields (6). 
Si fertilization also has reduced fungal disease susceptibility for a 
number of monocotyledonous and several dicotyledonous plant 
species (8,29,49). Rice fields amended with Si had lower inci-
dences of neck blast (Magnaporthe grisea (T.T. Hebert) M.E. Barr) 
that, in turn, reduced or eliminated fungicide applications (44–46). 
The application of foliar Si sprays reduced the number of powdery 
mildew (Uncinula necator (Schwein.) Burrill) colonies on grape 
(Vitis vinifera L.) leaves and considerably increased yield (4,38). In 
greenhouse studies with cucumber (Cucumis sativus L.), soluble 
potassium silicate (K2SiO3) applications showed positive 
correlations with resistance to powdery mildew (Sphaerotheca 
fuliginea (Schltdl.) Pollacci) (3,29). Liang et al. (24) found that 
root or foliar Si applications reduced disease severity and that only 
the root Si application enhanced the activity of pathogenesis-re-
lated proteins in cucumber. 

Studies including soybean and Si fertilization are scarce. Some 
studies evaluated nutrient toxicity (Al and Mn) and physiological 
effects and showed that soybean responded positively to Si amend-
ments (1,18,22,30). Under Si-free conditions, soybean plants 
displayed malformations such as leaf curling of newly developed 
leaves (seventh and eighth leaves) during flowering (30). They also 
reported necrotic spots on soybean leaves and low pollen fertility 
in cases of severe Si deficiency. In other studies, the use of 
potassium silicate sprays against SBR on soybean was tested with 
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