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Abstract 
Potassium (K) is one of the essential nutrients for plants and is involved in many cellular processes which might 
influence the severity of diseases. There are few reports of the effect of increasing concentrations of K in the 
field on the severity of the Asian soybean rust (ASR) caused by Phakopsora pachyrhizi. In this context, the 
objective of this work was to verify the influence of increasing concentrations of K on ASR, in the absence and 
presence of chemical control, in conditions that highly favored the development of the disease. Two experiments 
were conducted under field conditions and two also in the field but in pots with a capacity of 100 L. Evaluated 
concentrations of K were 0.0, 100, 200, and 400 mg/dm³, respectively in a randomized complete block design. 
The application of the fungicide mixture azoxystrobin (200 g/L) + cyproconazol (80 g/L) was performed at 45, 
60, and 75 days after emergence. The severity of the disease, area under the disease progress curve (AUDPC), 
rate of disease progression (r), soybean productivity, and contents of chlorophyll a, b and total were evaluated. 
The severity, AUDPC, and r decreased with the increase of the concentration of K and fungicide application, 
while the rate of disease control and soybean productivity increased. Contents of chlorophyll a, b and total also 
had higher values according to the increase in the concentration of K. Potassium fertilization reduced the severity 
of ASR and grain yield under high disease pressure with or without chemical control.  
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1. Introduction  
Brazil is a prominent producer and exporter of soybeans (Glycine max L. Merrill) worldwide. According to the 
estimates for 2016/2017 (CONAB, 2017), more than 113 million tons were harvested, 10.1% more than 
2015/2016. The areas harvested in 2016/2017 also increased by approximately 1.9% in comparison to the last 
harvest (2015/2016), according to the survey carried out by CONAB (2017). Among the diseases attacking 
soybean crops, the Asian soybean rust (ASR) caused by the fungus Phakopsora pachyrizi, Sydow & Sydow is 
the most severe and can generate losses of up to 100% (P. J. M. Andrade & D. F de A. A. Andrade, 2002). 
Despite being easily confused with other diseases, its symptoms are very characteristic, including grayish-green 
to reddish brown lesions with pustules, mainly in the abaxial face of the leaves, sporadically with uredinia in the 
adaxial face of the leaves (Yorinori et al., 2004). Due to the lack of commercial cultivars of soybean with 
vertical resistance to this disease, its control is carried out with fungicides of the group of triazoles and 
strobilurins, alone or in a mixture. Due to the reduction of fungus sensitivity to these fungicides, a triple 
combination (triazol, a strobilurin, and carboxamide) has been used to control the disease. However, because P. 
pachyrhizi has already shown sensitivity to the fungicides of the triazole, strobilurin, and more recently 
carboxamide groups, it is important to adopt measures such as planting early varieties, eliminating alternative 
hosts, adequate plant density, fallowing, and balanced fertilization (Zambolim, 2006).  

Despite the great importance of mineral fertilization, it is necessary to have a thorough knowledge of the role of 
these nutrients in plants, as they substantially influence resistance or susceptibility to pathogens (Zambolim et 
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al., 2012; Marschner, 1995), and may favor the pathogen if deficient or in excess (Perrenoud, 1990). Among the 
nutrients required by plants, potassium (K) stands out because it is essential for the maintenance of the water 
content in the cells by keeping them turgid, as well as by activating enzymes that are fundamental for metabolic 
reactions, including protein and sugar production, nitrogen (N) uptake, and functional regulation of stomata 
(Fernandes, 2006). When K is deficient, the cell walls become thin, the stem becomes weakened, the roots 
become smaller, shorter, sugar and N accumulate in the leaves; therefore the plants become more susceptible to 
diseases (Bhaskarachary, 2011). Several authors have studied the use of K in the disease control of different 
plant species. Mascarenhas et al. (1995) observed a reduction in the incidence of Phomopsis phaseoli var. sojae 
in soybean seeds when level of potassium is adequate. In the onion, the increase in the concentration of K 
reduced mildew severity caused by Peronospora destructor (Devalash & Sugha, 1997). In addition to the 
benefits of soil K fertilizer, its application on the leaf, associated or not with fungicide, resulted in a slight 
reduction of the ASR severity in the middle third of the plants at the stage R5.4 (Oliveira, 2007). 

In some cases, as in millet, K fertilizer did not affect the pathogen Peronosclerospora sorghi causing mildew 
(Desmukuh et al., 1978). In soybeans, K fertilizer also did not have a significant impact on the aerial part of 
soybeans plants caused by Rhizoctonia solani under greenhouse conditions (Basseto et al., 2007). In most of the 
examples reported Chase (1989); Huber and Arny (1985); Ito et al. (1993); Marschner (1995); Pacumbaba et al. 
(1997); Sij et al. (1985) different sources and concentrations of K reduced disease severity, highlighting the 
importance of proper management of this nutrient in agriculture. The hypothese of this work is: does K 
fertilization reduces the severity of Asian soybean rust under high disease pressure with or without chemical 
control? Given this scenario and the scarcity of studies on the use of K to control ASR, this study aimed to 
evaluate different doses of this nutrient under high inoculum pressure, in the absence and presence of chemical 
control, in soybean plants.  

2. Material and Methods 
2.1 General Procedures 

Four experiments were conducted at the Federal University of Viçosa (UFV), municipality of Viçosa, Minas 
Gerais, Brazil (20º45′14″ S and 42º52′53″ W). The experiments were conducted to study the effect of the K 
fertilizer with or without azoxystrobin (200 mg/L) + cyproconazol (80 mL/L) chemicals in the control of ASR. 
The tests were carried two in the field (Fex1 and Fex2) and two in pots (Pex1 and Pex2) with a capacity of 100 L, 
measuring 55 cm in diameter and 80 cm in height, filled with soil poor in nutrients. Before the preparation of the 
experimental area and the installation of experiments, the soils from Fex1, Fex2, Pex1, and Pex2 were subjected to 
chemical analysis at the 0-20 cm layer (Table 1). Application of dolomitic limestone with relative power of total 
neutralization (PRNT) = 96%) was made in both Fex and Pex soils to increase soil saturation to 70% in 20 days 
before planting. The soybean variety used was the transgenic “TMG 135”. Fex and Pex were implemented in 
2016 and 2017, respectively. 

 

Table 1. Soil chemical analyses used in the field and pot experiments 

 pH-H2O (1:2.5) 4P K Ca Mg H + Al 

  ---------- mg dm-3 --------- --------------- cmolc dm-3 ---------------
1Fex1 and 2Fex2 6.0 45.2 63 3.1 1.1 1.5 
3Pex1 and Pex2 5.5 33.0 34 2.0 1.0 1.0 

Experiments ECEC CEC Base saturation Remaining phosphorus 

 cmol dm-3 pH 7.0 % mg/L 
1Fex1 and 2Fex2 2.8 5.6 62 21.5 
3Pex1 and Pex2 1.5 4.5 46 15.3 

Note. 1Field experiment1; 
2Field experiment2; 

3Pot experiment1 and Pot experiment2; 
4P: phosphorus; K: 

potassium; Ca: calcium; Mg: magnesium; H + Al: hydrogen + aluminum; ECEC: effective cation exchange 
capacity; CEC: cation exchange capacity. 

 

By the time of soybean sowing, the fertilization with phosphate, K, and N was made in furrows, using triple 
superphosphate (42% P2O5), potassium chloride (60% K2O), and urea (44% N). Applications of potassium 
chloride and urea were performed three times, with the first application in planting, the second before flowering, 
and the last during flowering. 
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2.2 Production of Uredospores 

The uredospores produced for inoculation were multiplied in a soybean susceptible variety (transgenic “TMG 
135”) in a greenhouse, using an isolate of P. pachyrhizi of the Plant Protection Laboratory, UFV. The suspension 
of uredospores was made in water and Tween 80 (0.1 μg/mL) at 1 × 105/mL with germination rate higher than 
90%, produced in a greenhouse. 

2.3 Inoculation Procedure 

The inoculations were done with uredospore suspension of P. pachyrhizi at the vegetative stage, 15 days before 
the application of fungicides, to guarantee favorable conditions for the disease. They were carried out in plants of 
the two border rows of Fex1 and Fex2, and all of the ten potted plants of Pex1 and Pex2. The inoculation was 
made with a backhand sprayer with a fan-tip nozzle, using 200 L/ha of inoculum suspension. 

2.4 Treatments and Experimental Design 

The experiments Fex1 and Fex2 were established in a randomized complete block design with four replicates, in 
a 4 × 2 factorial, considering four doses of K (0.0, 100, 200, 400 mg/dm³), with or without fungicide Phosphorus 
and nitrogen doses were maintained fixed at 100 mg/dm³ and 150 mg/dm³, respectively. Each replicate consisted 
of rows measuring 6 m in length, with four rows of plants, spaced at 0.50 m. Two side edges rows and two 
centers rows were considered for a total of 200,000 plants/ha. 

Pex1 and Pex2 were established in randomized complete block design with three replicates of ten plants in each 
pot. The 4 × 2 split-plot design was adopted, using four concentrations of K (0.0, 100, 200, 400 mg/dm³), with or 
without fungicide. In the treatments with chemical control, the fungicide azoxystrobin + cyproconazol (Priori 
XTRA®) was applied at 300 mL/ha, on plants at the R1 stage (beginning of flowering) and afterward, the 
mixture was reapplied three times, once every 15 days. The application of the fungicide was made with a 
pressurized atomizer with CO2, at 80 psi of pressure, using a conical jet nozzle puffing 150 L/ha. 

2.5 Evaluation Procedure 

The evaluation of the severity of Asian soybean rust (ASR) in Fex1, Fex2, Pex1, and Pex2 was made by counting 
the number of lesions per cm2 on six leaflets of the middle third of the plant rows using a stereoscope 
microscope (80×), of plants at the stages R1, R3, and R5 (flowering and pod filling stages). In Pex1 and Pex2, the 
evaluations were performed in plants at the stages V8 (last stage of vegetative growth), R1, R3, and R5. Six 
leaflets of the middle third of the plants of each pot were digitalized with a resolution of 600 dpi and, from the 
scanned images of the abaxial face of leaves, the severity was determined using QUANT® (Vale et al., 2003). 
Based on the severity data from the different evaluations, the area under the disease progress curve (AUDPC) 
was calculated by the trapezoidal integration method (Kranz 1988). The rate of disease progression (r) and the 
rate of control were calculated based on the difference between the control (with the application of fungicide) 
and treatments (without fungicide) at each dose evaluated. 

2.6 Chlorophyll Content 

The total chlorophyll content was obtained from five disks with 0.5 cm in diameter collected from different 
leaves of the middle third of soybeans at the R1 stage, using a hollowed steel punch. The disks were placed in 
test tubes wrapped in foil containing 5 mL of dimethylsulfoxide (DMSO) previously saturated with calcium 
carbonate (CaCO3) and incubated at room temperature (25 °C) for 12 hours. To read the pigments, the BIO-RAD 
spectrophotometer SmartSpec 3000, was used at the wavelengths of 665 nm and 649 nm. Values for each 
wavelength were used in the calculation of Wellburns (1994) equation. 

2.7 Productivity 

The soybean productivity from the experiments was obtained from the sampling of ten plants per row and ten 
plants per pot in each replicate. Afterward, the pods were harvested, and the grains were weighed using a 
electronic digital scale (MettlerR) The production data on ten plants were converted into kg/ha, considering a 
population of 200,000 plants/ha. 

Data of soybean seeds weight were submitted to analysis of variance (ANOVA) in the Sisvar computer program, 
after evaluation of normality and homoscedasticity by the Shapiro-Wilk and Bartlett tests, respectively. The 
effects of the quantitative treatments were calculated through regression analysis. 
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3. Results 

3.1 Analysis of Variance 

For all treatments of the experiments Fex1, Fex2, Pex1, and Pex2, there was no significant difference (p < 0.05) in 
the interaction between the concentration of potassium treatments with or without fungicide. Moreover, no 
significant differences were obtained between the concentrations of K added to the soil, for all the variables 
evaluated (Table 2). Thus, the unfolding was performed by regression of quantitative variables to obtain a more 
representative model.  

 

Table 2. Analysis of variance of the effects of potassium (K) fertilization on severity (sev), Area Under the Disease 
Progression Curve (AUDPC), production (pro), chlorophyll a (chl a), chlorophyll b (chl b) and total chlorophyll 
(chl t) of the field experiment 1 (Fex1), field experiment 2 (Fex2), pot experiment1 (Pex1) and pot experiment2 
(Pex2), sprayed (S) with the fungicide azoxystrobin + cyproconazol 

Assay Variables S K S × K 
Fex1 Sev *** *** Ns 

 AUDPC *** *** Ns 

 Pro *** *** Ns 

Fex2 Sev *** ** Ns 

 AUDPC *** ** Ns 

 Pro *** ** Ns 

Pex1 Sev *** *** Ns 

 AUDPC *** *** Ns 

 Pro *** *** Ns 

 Chl a *** *** Ns 

 Chl b *** *** Ns 

 Chl t *** *** Ns 

Pex2 Sev *** *** Ns 

 AUDPC *** *** Ns 

 Pro *** *** ** 

 Chl a *** *** Ns 

 Chl b *** *** Ns 

 Chl t *** *** Ns 

Note. The results are not significant (ns), significant to P ≤ 0.05 (*), significant to P ≤ 0.01 (**) or P ≤ 0.001 
(***). 

 

3.2 Severity and Area Under Disease Progress Curve (AUDPC)  

Table 3 shows the results of the nº lesions/cm² and AUDPC of ASR in Fex1, Fex2, Pex1, and Pex2, with or without 
azoxystrobin + cyproconazol, submitted to different concentrations of K. The average of the severity of the 
treatments in the presence and absence of chemical control at the doses of 0 to 400 mg/dm³ of Fex1 and Fex2, 
were 24.4, 19.6, 1056.6 and 782.4, respectively. The joint mean of the AUDPC of Pex1 and Pex2, with or without 
chemical control, was 779.0 and 768.6, respectively, considering the concentrations of K from 0 to 400 mg / dm³ 
added to the soil (Table 3). 

The severity data corresponding to concentrations of K from 100 to 400 mg/dm³ are equal to each other and 
different significantlyed from the dose 0 (zero), for both lesions/cm² and AUDPC. The lowest values of severity 
and AUDPC for Fex1, Fex2, Pex1, and Pex2 corresponded to K at 200 mg/dm³; however, this dose did not differ 
significantly from the other concentrations of K added to the soil (Table 3). 
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Table 4. Average of Fex1 and Fex2, Pex1 and Pex2 of the disease infection rate (r) of Asian soybean rust on plants 
submited to different doses of potassium sprayed (S) and not sprayed (NS) with azoxystrobin + cyproconazol 

K (mg/dm³) 
1Fex1 and 2Fex2 

3Pex1 and 4Pex2 

S NS S NS 

0 1.12(0.18)5 2.10(0.25) 0.89(0.18) 1.41(0.13) 

100 0.75(0.15) 1.67(0.17) 0.77(0.16) 1.36(0.12) 

200 0.74(0.14) 1.53(0.13) 0.75(0.15) 1.30(0.12) 

400 0.76(0.15) 1.66(0.16) 0.66(0.14) 1.27(0.11) 

Average 0.84 1.74 0.76 1.04 

Note. 1Fex1-field experiment 1; 2Fex2-field experiment 2; 3Pex1-pot experiment 1; 4Pex2-pot experiment 2. 
5Means standard deviation. 

 

The Pearson correlation coefficient values for chlorophyll a, b, and total and severity is shown in Table 5. Pearson 
correlation coefficients were significant for severity in the Pexp2 in sprayed (S) and non sprayed (NS); chlorophyll 
a in Pexp1 (S and NS) and Pexp2 (NS); chlorophyll b in Pexp1 and Pexp2 (NS); total chlorophyll in Pexp1 (NS). 
Therefore, the contents of chlorophyll a, b and total correlated significantly with treatments with and without 
fungicides in at least one experiment.  

 

Table 5. Person’s simple correlation coefficients of the parameter productivity of soybeans of sprayed (S) and 
non-sprayed (NS) with fungicide azoxystrobin + cyproconazol in relation to the chlorophyll a (Chl a), 
chlorophyll b (Chl b) and total chlorophyll (Chl t) contents and severity (Sev) of Asian soy rust in Fex1, Fex2, 
Pex1 and Pexp2  

Chl a Chl b Chl t Sev 

P
ro

du
ct

iv
it

y 

1Fex1 S - - - -0.81ns 

NS - - - -0.76 ns 
2Fex2 S - - - -0.74 ns 

NS - - - -0.57 ns 
3Pex1 S 0.93* 0.84 ns 0.86 ns -0.89 ns 

NS 0.96* 0.96* 0.98* -0.57 ns 
4Pex2 S 0.84 ns 0.84 ns 0.95 ns -0.99* 

NS 1.00* 0.87* 0.79 ns -0.97* 

Note. *Significant at 5% probability of error, by t test; ns Not significant. 
1Fex1-field experiment 1; 2Fex2-field experiment 2; 3Pex1-pot experiment 1 and 4Pex2-pot experiment 2. 

 

3.4 Productivity 

The soybean productivity values, according to concentrations of K administered and the application of 
fungicides, are in Table 6. The mean productivity of the treatments with and without fungicide was 4706.0 k/ha 
and 3308.2 k/ha (Fex1) and 4303.1 k/ha and 2635.1 kg/ha (Fex2), respectively. Considering the experiments in 
pots, the mean productivity with and without fungicide was 1927.6 kg/ha and 1301.6 kg/ha (Pex1); and 1908.5 
kg/ha and 1266.6 kg/ha (Pex2), respectively. Therefore, the soybean productivity in the field experiments was 
superior to that of the pot experiments. Treatments with and without fungicide, at 100 mg/dm3, 200 mg/dm3 and 
400 mg/dm3 of K, in the Fex1 and Fex2, differed significantly from the control (no K added). The difference was 
found between the concentrations of K of 100 mg/dm3, 200 mg/dm3 and 400 mg/dm3 of the Fex1 and Fex2. 
Considering Pex1 and Pex2, the concentrations of K of 0 and 100 mg/dm3 did not differ from the other treatments 
(200 and 400 mg/dm3); no significant difference was found between the last two doses.  
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(Fex2), 69.2 (Pex1), and 84.9 (Pex2), respectively. In the regression model, an inflection point was obtained for K 
at 200 mg/dm³, corresponding to the lowest severity and AUDPC of ASR. 

In Pex1 and Pex2, as the concentration of K in the soil increased, a linear decrease in severity was obtained. 
Unlike Fex1 and Fex2, where the amount of K was high in the field soil, in Pex1 and Pex2, the concentration was 
50% lower. This finding shows that a better response in reducing the severity of ASR with K fertilizer is more 
likely to be obtained in deficient soils. The excess, deficiency or imbalance in the combinations of different 
nutritional elements can influence the reaction of the plants to the pathogens, by either increasing or decreasing 
the plants level of resistance to a disease (Balardin et al., 2006). According to Ito et al. (1994), application of K 
reduces the incidence of stem and pod drought in soybean, caused by Phomopsis phaseoli var. sojae. However, 
the authors observed that at very high doses, the frequency of this pathogen was increased, probably due to 
nutritional imbalance, corroborating with the data found in this study.  

The lowest r values in Fex1 and Fex2, with and without fungicide, was 0.74 and 1.53, respectively, at 200 
mg/dm3 of K, whereas in pot experiments was at 400 mg/dm3 of K. Therefore, the lowest r values were obtained 
at the concentrations of K two times higher in Pex1 and Pex2 than in Fex1 and Fex2. For the mean values of Fex1 
and Fex2 with fungicide, r values decreased from the control to the dose of 400 mg/dm3 around 32.15%; for the 
mean values of Pex1 and Pex2 without fungicide, r values decreased from the control to the dose of 400 mg/dm3 
around 20.95%. Potassium fertilization increases plant resistance to biotrophic or facultative leaf pathogens, as a 
result of increased tissue stiffness caused by thickening of the cuticle and cell wall, conferring resistance to the 
penetration and development of the pathogen (Marschiner, 1995). In an experiment aimed at studying different 
doses of phosphorus and K and the interaction between them in the control of ASR, Balardin et al. (2006) 
verified that the increase of K fertilizer reduced the severity and r of the disease. However, the authors 
conducted their study in a greenhouse, unlike the present work, in which we performed the experiments in the 
field. The reduction in the frequency of diseases due to K fertilizer has also been reported for other 
pathosystems, such as Peronospora destructor in onion (Develash & Sugha, 1997), Diaporthe phaseolurum var. 
sojae and Cercospora kikuchii in soybeans (Mascarenhas et al., 1976; Ito et al., 1993), Sclerotium oryzae and 
Rhizoctonia oryzae-sativae in rice (Williams & Smith, 2001).  

Soybean plants that received little or no K fertilizer had higher values of disease severity, AUDPC and r. 
According to Malavolta (2006) deficiency in carbohydrate and amino acid accumulation may occur in 
K-deficient plants. In this way, there is a lower concentration of proteins (structural, protective and enzymatic), 
phenols and phytoalexins favoring the onset of diseases. Also, the stomata remain open for a longer time, 
increasing the chances of penetration of pathogens. According to Balardin (2006), K deficient soybean plants 
presented higher ASR severity, in a greenhouse. 

Regarding the soybean productivity, in the experiments with azoxystrobin + epoxiconazol, the values obtained in 
the field were above 70 bags (60 kg each) per ha, considered highly suitable for differentiation of the treatments. 
The highest values obtained in soybean productivity occurred in Fex1 and Fex2 at 200 m/dm³ and, for Pex1 and 
Pex2, at 400 mg/dm³. This difference in the concentration of K between experiment sites may have been due to 
soil chemical differences. Soils used in pots (Pex1 and Pex2) were purposely more deficient in nutrients, while 
soil in the field experiments (Fex1 and Fex2) had considerable amounts of K and other elements. Also, field 
experiments were conducted at sites where soybeans had been grown in recent years. Thus, the amount of K in 
the soil at the start of the trial was already high, and therefore, the nutrient requirement was lower. Thus, the 
highest dose (400 mg/dm³) in Fex1 and Fex2 was deleterious to soybean productivity, supposedly due to excess K 
in the soil. Therefore, unlike the report by Balardin (2006) and Gonçalves Júnior et al. (2010), the increased 
concentration of K in soil did not increase soybean productivity in the present work. Previous soil analysis and 
the history of the planting area to calculate the number of nutrients in the soil has great importance in increasing 
or reducing disease severity and in soybean productivity, respectively, besides the possibility of adopting 
balanced fertilization.  

The mean concentrations of K (0 to 400 mg/dm³) of fungicide treatments were 29.7% (Fex1), 38.7% (Fex2), 
32.4% (Pex1), and 33.6% (Pex2). The highest rate of increase in soybean productivity was obtained at 200 
mg/dm³ K for Fex1 and Fex2; for Pex1 and Pex2, the highest rate was at 400 mg/dm³ of K. This difference is due 
to the fact that the soil of Pex1 and Pex2 was much lower in content of nutrients than the soil of Fex1 and Fex2. 
The increased rate of soybean productivity, at 200 mg/dm³ of K for Fex1 in comparison to the control in the 
treatment with fungicide was 11.9% and without fungicide 55.0%; for Fex2 with fungicide 14.5% and without 
fungicide 46.8%. At 400 mg/dm³ of K, the increased rate of soybean productivity for Pex1 in comparison to the 
control in the treatment with fungicide was 57.0% without this fungicide, 41.8%; for Pex2, it was 34.2% with 
fungicide and 46.8% without the fungicide. The mean rate of soybean productivity at 100 mg/dm³, 200 mg/dm³, 
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and 400 mg/dm³, in comparison to the control, for the treatments with fungicides and without fungicides was as 
follows, respectively: Fex1, 11.0 % and 46.7%; Fex2, 15.3 % and 50.3%; Pex1, 43.1 % and 39.0 %; Pex2 22.5% 
and 39.9%, respectively. We observed that, on average, the effect of K on the increase of soybean productivity 
was higher in treatments without fungicide (43.9%) than in treatments with this chemical (22.9%). Excessive 
doses of K can reduce soybean productivity and dry mass (Reis Júnior (1995), as well as reduce the absorption 
of calcium and magnesium (Fageria, 2001). In this study in plants that did not receive K fertilizer, soybean 
productivity was lower in comparison to the plants that received. According to Sacramento and Rosolem (1998), 
K is an essential macronutrient in soybean mineral nutrition and one of the nutrients that is absorbed and 
exported in the highest amounts. Thus, K-deficient plants produce small, deformed, wrinkled grains and thus 
delay the maturity of soybeans, with crops remaining longer in the field exposed to pests and diseases (Borkert et 
al., 1994).  

ASR has a high destructive potential to the soybean crop. In this study the application of fungicide was essential 
to slow the progress of the disease and ensure high productivity.  

Barbosa et al. (2014) indicated that applying azoxystrobin + cyproconazol in soybean provided better control of 
this disease, positively contributing to soybean grain yield.  

The increase of the K fertilizer increased the contents of chlorophyll a and b. Potassium appears to be associated 
with the formation of a chlorophyll precursor or may act to prevent its degradation (Datnoff, 2007). The increase 
in the content of chlorophyll due to the rise in K fertilizer was reported by Rodrigues et al. (2014) in corn and by 
Souza et al. (2016) in radish. The contents of chlorophyll b in plants that received chemical control were higher 
in comparison to the plants that were not treated with fungicide. The increase in the content of chlorophyll b is 
essential as this pigment captures energy from other wavelengths and then transfers it to chlorophyll a, which 
effectively acts on the photochemical reactions of photosynthesis (Taiz & Zeiger, 2013). The fungicide used in 
these experiments had a strobilurin (azoxystrobin) as a base, which has the characteristic of promoting the 
increase of the content of chlorophyll due to the rise in the assimilation of nitrogen, and reduction of the ethylene 
productivity, resulting in the “green effect”. These factors contribute to lower plant stress, resulting in higher 
soybean productivity (Tofoli et al., 2002). Besides, the molecules of this group act to prevent spore germination 
and have eradicating and corrective action, inhibiting the development of pathogens in the early stages after 
spore germination (Venâncio et al., 1999). Our study showed that in the presence or absence of K by keeping the 
soybean leaves healthy with fungicides (triazol + strobilurin), the chlorophyll content tend to increase leading to 
an increase in soybean yield.  

5. Conclusion 
The hypotheses that potassium fertilization reduces the severity of Asian soybean rust, under high disease 
pressure with or without chemical control was accepted. The best results were obtained when potassium was 
added in the soil and chemical control with azoxystrobin + cyproconazol. Increasing potassium doses disfavored 
Asian soybean rust control and grain yield. 
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