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Abstract 
Asian soybean rust (ASR) caused by Phakopsora pachyrhizi since it was first reported in Brazil in 2001 has been 
subject of studies regarding the use of fungicides to its control. Low efficiency of triazol (demethylator 
inhibitors-DMI’s) or stobilurin (quinone outside inhibitor-QoI’s) has been reported on the control of ASR under 
field conditons. For this reason experiments were conducted to study the effects of these systemic fungicides 
associate with protectant multi-site fungicides (MSF) on ASR control preventively and at the onset of the 
epidemic. All combinations of fungicides were effective to control ASR and promoted greater soybean yield gain 
compared to the control. The analysis of the efficacy of ASR control in the lower, medium and upper part of the 
plant canopy, showed that application of Epoxiconazole + Pyraclostrobin and Cyproconazole + Azoxystrobin 
reduced ASR and leaf fall (%), and increased soybean yield grain. The severity of the disease increased from the 
lower to the upper part of the plant. The application of DMI+ QoI associated with MSF applyed when disease 
severity reached 2%, promoted effective reduction of ASR, increased yield and reduced leaf fall. Overal the 
DMI’s + QoI’s associated with MSF was 68% and 70.2% more efficient on ASR control and soybean grain yield, 
respectively than the control. Mancozeb and Chlorothalonil associated with the lowest dose of Epoxiconazol + 
Pyraclostrobin (10.2 + 33.2 g.a.i./ha) or Cyproconazole + Azoxystrobin (12.5 + 30.0 g.a.i./ha), respectively 
increased soybean grain yield at least 45.0%; the same combinations of the fungicides Epoxiconazol + 
Pyraclostrobin (15.3 + 49.8 g.a.i./ha) and Cyproconazole + Azoxystrobin (25.0 + 60.0 g.a.i./ha) 50% less than 
the commercial dose, increased 89.5% and 109.0%, respectively. The use of high risk (DMI and QoI) fungicides 
combined to low risk (MSF) applyied properly, can be a new strategy for the management of ASR at short and 
long term, even after the epidemics has reached 2.0% severity. Furthermore, due to the residual effect, MSF can 
promote higher longevity of DMI and QoI molecules. 
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1. Introduction 
Among all diseases affecting soybean, Asian soybean rust (ASR) caused by the fungus Phakopsora pachyrhizi 
(Syd. and P. Syd.) can be considered nowadays in Brazil as the main threat of the crop production (Godoy et al., 
2015; Godoy et al., 2016). In the absence of control measures, yield losses of up to 90% have been reported in 
north America (Bromfield, 1984; Hartman et al., 2015). The fungi is considered highly aggressive, causing 
damages varying from 10 to 90% in soybean fields in Asian (Sinclair & Hartman, 1999) and yield losses ranging 
from 10 to 80% in some growing regions in South America (Navarini et al., 2007). The first symptoms of ASR 
begin as very small brown or brick-red spots on leaves, grouped into tanned coloring lesions (2-5 mm in 
diameter) then develop into a pustule (uredinia) where an abundant sporulation produced, help the fungus 
dissemination (Bromfield, 1984). In the field, these spots usually begin in the lower canopy at or after flowering, 
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and often the first lesions appear toward the base of the leaflet near to the petiole and leaf veins (Sinclair & 
Hartman, 1999). 

The fungus presents a short life cycle, which means under optimal conditions (frequent rain events, long dew 
periods and temperatures ranging from 15 to 29 °C), ASR epidemics can quickly build up from almost 
undetectable levels to very high levels, and the urediniospore production can reach for at least three weeks 
(Dorrance et al., 2005; Melching et al., 1989). Rapid disease development has been correlated with canopy 
closure and bloom stage (R1+) (Dorrance et al., 2005; Fehr et al., 1981; Koch et al., 1983). Then ASR progresses 
until complete canopy defoliation, or until the environment is no longer conducive for disease development 
(Sinclair & Hartman, 1999). According to Bromfield (1984), the infection at flowering can produce high levels 
of damage, compromising pod formation and filling, final grain weight (Yang et al., 1991), and also affecting the 
protein content (Ogle et al., 1979). 

Since ASR first report in Brazil, the chemical control of this desease was based on fungicides belonging to 
triazoles or “demethylation inhibitors” (DMI) group (Yorinori & Lazzarotto, 2004). These fungicides inhibit the 
sterol C-14 α-demethylation of 2,4-methylenedihydrolanosterol, a precursor of the cell membrane component 
ergosterol in fungi (Brent, 1995). The DMI group is classified as single-site fungicide and is associated to be a 
high risk factor in the development of resistance in fungi population (FRAC, 2015). Consequently, associated to 
the massive use of this chemical group for many years in soybean fields, resulted of the selection of resistant 
strains of P. pachyrhizi from the fungus population, and consequently loss in control efficacy of DMIs. In 
2005/06 soybean season, ASR average control by DMIs was 90.3%, whereas in 2012/13, DMI control was 52.0 
(42% reduction in the control efficacy) (Godoy et al., 2013). After 2005 the “quinone outside inhibitors” (QoIs) 
were also used to control the disease (P. J. M. Andrade & D. F. A. A. Andrade, 2006). The QoI fungicides are 
very effective against a broad spectrum of fungi and inhibity mitochondrial respiration, effectively stopping 
energy production of the fungus, and result in cell death. But QoI fungicides also have a very specific site of 
action for this reason the risk of resistance development is high. Currently there are more than 20 plant 
pathogens with some level of resistance to QoI fungicides as well as P. pachyrhizi (FRAC, 2015).  

In the last years, new fungicides belonging to carboxamide group, a single-site molecule that acts inhibiting the 
complex II, of the respiration process inside the fungal cell has been developed to control ASR. However 
resistance to other pathogens, had already been documented for this new group (FRAC, 2015). Fungicides with 
single-site action mode are at relatively high risk for resistance development compared to those with multi-side 
action mode. Most fungicides being developed today have a single-site mode of action because this is associated 
with lower potential for negative impact on the environment, including non-target organisms (McGrath, 2004). It 
is well known that MSF’s affect multiple target sites, interfering with numerous metabolic processes of the 
fungus, and consequently fungicide resistance is rare with this type of chemicals (Zambolim et al., 2007). 

The high fungal adaptability in soybean fields make difficult to control of ASR with fungicides as reported 
above that is becoming increasingly evident (Blum, 2009; Schmitz et al., 2014). Due to the high risk fungicide 
resistance (DMIs or QoIs) and the succinate dehydrogenase inhibitor (SDHI) applied alone or in mixture, it will 
be necessary to find broad spectrum fungicide action to be incorporated in an integrated ASR control. In the 
present research it was also evaluated the preventive and curative (when the disease reached 2.0% severity) 
control of ASR. For these reasons, this study evaluated triazol associated with strobilurin combined with 
multi-site broad spectrum fungicides on the control of ASR.  

2. Material and Methods 
2.1 General Procedures 

All the experiments used soybean of the cv. “Monarca” (Plant breeding laboratory Universidade Federal de 
Viçosa). The inoculum of P. pachyrhizi (Plant protection laboratory, Universidade Federal de Viçosa) with a 
minimum of 90% germination was produced under greenhouse conditions (temperature 25±2 ºC day and 20±2 
ºC night; relative humidity 80±3%).  

The experiments were conducted at the research field station at the Universidade Federal de Viçosa, in Viçosa, 
Minas Gerais state (20°45′14″ S 42°52′55″; 648 m high) in the growing season 2016/2017. Soybean seeds were 
sown in the experimental area in a soil with no cultivation till system, in four rows of 5 m each, spaced 0.5 m 
apart (300,000 plants/ha) per plot. Only the two of the four central rows were used for data collection.  

Cropping practices were performed according to the extension instructions for soybean crop. The fertilization 
was done using the commercial formula 05-25-20 (Nitrogen-Phosphorus-Potassium) at 250 kg/ha. Nutrient 
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soybean foliar analyses was done at the R1 stage (beginning flowering) of the field trials. All experiments were 
inoculated with a urediniospores suspension (108 uredospores/mL) of P. pachyrhizi.  

Trial 1 was performed in an area previously cultivated with crucifers for two years, trial 2 with potato for two 
years, and trial 3 with maize for two years, respectively. Urediniospores suspension (100 mL) was sprayed in the 
plant canopy at night, of soybean rows using a manual backpack mistblower, 25 days before the application of 
the fungicides. The fungicides spraying was performed at different plant growth stages R1(beginning flowering), 
R2 (full flowering), and R5 (beginning seed) using a manual backpack sprayer (Jacto PJH, JD-12P spray nozzle) 
calibrated to apply a spray volume of 150 L/ha, on the adaxial surface of the expanded leaves of each plant of the 
two center soybean rows.  

Three trials were conducted to study the effect of triazol associated with strobilurin combined with MSFs on the 
control of ASR at the beginning of the epidemic (Table 1). In the trial 1, the purpose was to study the preventive 
effect of the fungicides (before the first symptoms) and, trials 2 and 3 curative effect on the control of ASR, on 
the lower part of soybean plants at the two center rows (disease severity at 2.0%) (Godoy et al., 2006). The 
fungicides were applied based on the g of a.i./ha. The fungicides and field doses recommended by the 
commercial supplier were: Dithane M 45 PM 3.0 Kg/ha; Daconil 500 PM, 3.0 Kg/ha; Opera SC 0.6 L/ha; 
Priori-Xtra SC 0.3 L/ha; Polyram DF 3.0 Kg/ha. 

 

Table 1. Treatments used in the three trials to study the effect of triazol + strobilurin + multi-site fungicides on 
the control of Asian soybean rust 

 Dose (g.a.i./ha) 

Treatments Epoxiconazole Pvraclostrobin Mancozeb Chlorothalonil Metiram Cyproconazole Azoxystrobin

Trial 1 1 - - - - -   

 2 10.0 33.2 2400     

 3 10.0 33.2  1500    

 4 10.0 33.2   1100   

 5 15.3 49.8 2400     

 6 15.3 49.8  1500    

 7 15.3 49.8   1100   

 8 20.5 66.5 2400     

 9 20.5 66.5  1500    

 10 20.5 66.5   1100   

Trial 2 1 - - -     

 2 10.2 33.2 2400     

 3 15.3 49.8 2400     

 4 20.5 66.5 2400     

 5 30.5 99.6 2400     

 6 45.9 149.4 2400     

Trial 3 1 - - - - - - - 

 2    1500  12.5 30.0 

 3    1500  25.0 60.0 

 4    1500  37.5 90.0 

 5    1500  50.0 120.0 

 6    1500  62.5 150.0 

 

Three soybean plants of each replication was randomly removed at weekly interval at R1 (beginning flowering) 
to R7 (beginning maturity) stages (Fehr et al., 1981) to evaluate the severity of the disease. Data was taken from 
the lower, medium and upper part of the canopy evaluating all the leaves of the plants in the replication. The 
severity of the disease was performed by counting the number of sporulated lesions with uredia and uredosporos 
in ten randomly areas (1 cm2) of each leaf under a stereoscopic microscope (Carl Zeiss Axio Imager A1, 
Gottingen, Germany) at 20×.  

Field assessment of defoliation was done before harvesting, for each replication using an arbitrary scale ranging 
from 0 to 100%. The evaluation occurred on the R8 (Full maturity) stage by the time that the control treatment 
had 85 to 90% of leaf fall.  
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yield. Therefore the chemical control of ASR should take into account also the level of nutrients in the soil 
(mainly K2O) to achieve higher yields (Fixen et al., 2008; Ballardin et al., 2006).  

The efficiency of the ASR control based on the application of triazole and strobirulin is dependent on several 
factors such as application timing, size of the droplets, type of equipment, uniformity and distribution of the 
droplets, and environmental conditions. In addition, the deposition of the droplets on the lower part of the plants 
are more difficult as the growth stage reaches the R2 (blooming stage) and R5 (pods formation) (Zambolim, 
2007). Our study showed that the fungicides applied on R1, R2 and R5 stages efficiently promoted ASR control 
even when the severity of the disease was 2.0% severity. The severity increased from lower to the upper part of 
the plant canopy. However, the efficacy of ASR control in the lower, medium and upper part of the canopy, with 
the application of Epoxiconazole + Pyraclostrobin or Cyproconazole + Azoxistrobin associated with Mancozeb, 
Chlorothalonil and Metiram significant reduced AUDPC and leaf fall (%) in the plant canopy. Based on the 
information above, we can suggest that the application of triazole and strobirulin associated with MSF in the 
earliest stages of the soybean crop (V9 or R1) could promote a better control especially on the lower part of the 
plant canopy, the main ASR source of inoculum for the upper part and for the entire field. 

Overal the DMI’s with QoI’s associated with MSF’s had an efficiency higher than 68% and yielded more than 
70.2% over the control. These results showed that it is possible to control ASR even after the disease severity 
reached 2.0% at the time of spraying the plants. Protectant MSF’s Mancozeb and Chlorothalonil associated with 
lower doses of Epoxiconazole + Pyraclostrobin (10.2 + 33.2 g.a.i./ha) or Cyproconazole + Azoxystrobin (12.5 + 
30.0 g.a.i./ha) increased soybean grain yield at least 45.0% and the same combination of fungicides at the dose 
ahead the lower increased 89.5% and 109.0%, respectively.  

Asian soybean rust caused by P. pachyrhizi is continuous to be the most challenging disease in Brazil. No single 
solution will be able to maintain high soybean yields due to the aggressiveness of the pathogen. Disease control 
relied mainly on systemic fungicides mixtures (DMI + QoI) have been failed, due to the adaptation of the pathogen. 
The triple mixture of DMI + QoI + SDHI may lead to a strong selection pressure for resistance (Godoy et al., 2016). 
For these reasons to reduce yield losses, all cultural measures must be take into consideration. In the present work 
we showed that old multi-site fungicides, e.g. mancozeb, chorothalonil and metiram which have very low 
resistance risk, when applied in tank mixture with the DMI + QoI increased control efficiency of ASR, soybean 
yield and reduced leaf fall. These combinations were effectively when they were applied preventively or when the 
epidemic has reached 2.0% on the plants.  

5. Conclusion 
Fungicides applied on R1, R2 and R5-3 stages efficiently promoted efficient control of ASR.  

The severity of the disease increased from lower to the upper part of the plant canopy.  

DMI’s with QoI’s associated with MSFs had an efficiency higher than 68% and yielded more than 70.2% over 
the control. 

It was possible to control ASR even after the disease severity reached 2.0% at the time of spraying the plants. 

Protectant MSFs associated with lower doses of Epoxiconazole + Pyraclostrobin (10.2 + 33.2 g.a.i./ha) or 
Cyproconazole + Azoxystrobin (12.5 + 30.0 g.a.i./ha) increased soybean grain yield at least 45.0% and the same 
combination of fungicides at the dose ahead the lower increased 89.5% and 109.0%, respectively.  

The strategy combining DMI + QoI with MSF as proved in the present work, may be recommended as a new 
strategy for the management of the ASR, at short and long term. Furthermore, multi-site fungicides can promote 
higher longevity of DMI and QoI molecules, due to the residual effect on soybean leaves.  
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