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ABSTRACT

Between September 2018 and February 2019, an experiment was conducted in Pirapd, Paraguay, to assess the effectiveness of
site-specific fungicides (Prothioconazole 17.5% + Trifloxystrobin 15%) and multisite fungicides (Mancozeb 80%), along with a
resistance inducer (copper, manganese, zinc, boron, and amino acids), at different phenological stages of soybean to control rust
and improve yield. A randomized complete block design was used with 13 treatments and four replications. The treatments varied
in the combination and timing of product application. The severity of rust, control efficacy, defoliation, number of pods per plant,
100-grain weight, and yield were evaluated. The site-specific fungicides reduced the severity of rust at all phenological stages,
whether applied alone or in combination with other products. No additional benefits were found by mixing multisite fungicides
with resistance inducers. Treatments with only Mancozeb or inducer showed greater defoliation. Treatments T6 and T10
presented the highest number of pods per plant, though without statistically significant differences compared to other effective
treatments. There were no differences in 100-grain weight, and the highest yields were observed in treatments T5 and T7.
Keywords: Glycine max L. Merril; Phakopsora pachyrhizi; mancozeb; chemical control.

RESUMEN

Entre septiembre/2018 y febrero/2019 se realizé un experimento en Pirapd, Paraguay, para evaluar la efectividad de fungicidas
sitio-especificos (Protioconazol 17,5% + Trifloxistrobin 15%) y multisitios (Mancozeb 80%), junto con un inductor de resistencia
(cobre, manganeso, zinc, boro y aminoacidos), en diferentes estadios fenoldgicos de la soja para controlar la roya y mejorar el
rendimiento. Se utilizé un disefio experimental en bloques completos al azar con 13 tratamientos y cuatro repeticiones. Los
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tratamientos variaron en la combinacion y el momento de aplicacidn de los productos. Se evalué la severidad de la roya, eficacia
de control, defoliacidn, nimero de vainas/planta, peso de 100 granos y rendimiento. Los fungicidas sitio-especificos redujeron la
severidad de la roya en todos los estadios fenoldgicos, aplicados solos o en combinacién con otros productos. No se encontraron
beneficios adicionales al mezclar fungicidas multisitios con inductores de resistencia. Los tratamientos solo con Mancozeb o
inductor mostraron mayor defoliacion. Los tratamientos T6 y T10 presentaron el mayor nimero de vainas/planta, aunque sin
diferencias estadisticas significativas respecto a otros tratamientos eficaces. No hubo diferencias en el peso de los 100 granos, y
los rendimientos mas altos se observaron en los tratamientos TS5 y T7.

Palabras clave: Glycine max L. Merril; Phakopsora pachyrhizi; mancozeb; control quimico.

SHORT NOTE

Asian soybean rust (ASR), caused by the fungus Phakopsora pachyrhizi, is one of the most destructive diseases affecting
soybean crops in subtropical and tropical regions of Asia, Africa, Oceania, and the Americas'). This disease is noted for
the complexity of its plant-pathogen interaction, complicating initial phases of diagnosis, quantification, and loss
estimation®. It is characterized by high virulence and rapid epidemiological progression, leading to accelerated
chlorosis, senescence, and defoliation, which can result in severe damage. Since its initial detection in Paraguay, the
disease has spread to Bolivia, much of Brazil, and regions in Argentina, such as Formosa and Chaco. In Brazil, during
the 2002 and 2003 campaigns, losses were estimated at approximately 4.011 million tons of soybeans®#,

The predominant management of this disease is using fungicides, applying them to the foliage as soon as the first
symptoms are detected>®. The effectiveness of fungicide control critically depends on accurate diagnosis, the type
and dose of fungicide, disease severity, timely application, and proper distribution and deposition of the product on
the target!”.

To combat this disease, fungicides such as sterol synthesis inhibitors (DMI), quinone inhibitors (Qol), and succinate
dehydrogenase inhibitors (SDHI) have been used. However, repeated use of these compounds has led to the
development of resistant populations, necessitating new strategies to mitigate resistance®®). According to Mendoza-
Duarte et al.l”, one strategy to prevent resistance includes combining a multisite fungicide such as chlorothalonil,
mancozeb, or copper oxychloride with site-specific fungicides like triazoles, strobilurins, and carboxamides. However,
this approach increases production costs, underscoring the importance of deciding the most appropriate time to
include, for example, mancozeb in combinations with site-specific fungicides!®.

This study aims to evaluate the efficacy of a site-specific fungicide combined with a multisite fungicide and a resistance
inducer for managing soybean rust and its impact on yield.

The experiment was conducted in the district of Pirapd, Itapua, Paraguay (26° 51' 57" S and 55° 37' 55" W) at an
altitude of 218 meters above sea level, on a soil classified as Rhodic Kandiudox with fine clay texture*?). The study
period spanned from September 2018 to February 2019.

The experimental design was a randomized complete block with 13 treatments and four replications. Each
experimental unit consisted of eight rows, each six meters long. Rows were spaced 0.45 meters apart, with 12 seeds
planted per linear meter. A one-meter space was left between each block. The useful area consisted of the four central
rows, each five meters long, totaling 9 m2. The soybean cultivar used was NA 5909 RG.

Treatments involved the application of a combination of fungicide Prothioconazole 17.5% + Trifloxystrobin 15% at a
dose of 400 mL/ha, Mancozeb 80% at 1 kg/ha, and a resistance inducer based on copper, manganese, zinc, boron, and
amino acids (0.2 L/ha) at different stages of crop development (Table 1).

Treatment application was performed using a motorized backpack sprayer at a constant pressure of 4 bar, with conical
nozzles and a flow rate of 150 L/ha of water. Application conditions were temperatures of 25-30° C, relative humidity
above 80%, and wind speed less than 10 km/h.

. ________________________________________________________________________________________________________________________________________________________________________|
Rev. Soc. cient. Parag. Junio. 2025;30(1):94-100



COMBINATION OF FUNGICIDES AND RESISTANCE INDUCER...

Maidana-Ojeda, et al.
r____________________________________________________________________________________________________________]

Treatments Description

T1 Control

T2 Mancozeb at R1, R3 and R5 stages

T3 Resistance inducer at R1, R3 and R5 stages

T4 Fungicide at R1, R3 and R5 stages

T5 Fungicide + Mancozeb at R1, R3 and R5 stages

T6 Fungicide + Resistance inducer at R1, R3 and R5 stages

T7 Fungicida + Mancozeb + Resistance inducer at R1, R3 and R5 stages

T8 Mancozeb + Resistance inducer at R1, R3 and R5 stages

T9 Resistance inducer at R1stage, and Fungicide at R3 and R5 stages

T10 Fungicide + Resistance inducer at R1 stage, Fungicida + Mancozeb at R3 and R5 stages

T11 Fungicide + Resistance inducer at R3 stage and Fungicide at R5 stage

T12 Fungicide + Mancozeb at R3 and R5 stages

T13 Fungicide at R3 and R5 stages

Table 1. Treatments applied at different phenological stages for the management of soybean rust in Pirapd, Itapua,

Paraguay.

The management of the experimental plot began with desiccation using 2 kg/ha of glyphosate (88.8%) applied 14 days
before planting. Sowing occurred on September 21, 2018, using a direct seeding planter that also facilitated single-
grain dosing and application of 07-20-10 fertilizer at a dose of 140 kg/ha. Seed treatment included a mix of Fipronil
18% + Imidacloprid 36at 200 mL/100 kg of seeds and Fludioxonil 2.5% + Metalaxyl-M 2% + Tiabendazol 15% at 150
mL/100 kg of seeds, along with a legume bio-stimulant, containing 0.5% cobalt, and 3% molybdenum (100 mL/100 kg
of seeds).

Ten days after plant emergence (DDE), clethodim 24% at 1 L/ha was applied to control Digitaria insularis grass. At 32
DDE, glyphosate 67.9% potassium salt at 1.5 L/ha was used to manage broadleaf weeds. Fungicide applications
according to designated treatments were made at stages R1 (November 16), R3 (December 6), and R5 (December 26).
For the control of the soybean looper (Chrysodeixis includens), lambda-cyhalothrin 16% + tiametoxan 22% at 0.25 I/ha
was applied at 10 DDE, and emamectin benzoate 11.4% + lufenuron 40% at 100 mL/ha at 32 and 69 DDE. At 49 DDE,
to manage brown stink bug (Euschistus heros), imidacloprid 30% + alpha-cypermethrin 10% at 0.1 L/ha was used, and
at 89 DDE, thiamethoxam 75% at 100 g/ha + bifenthrin 20% at 100 mL/ha was applied. Harvesting and threshing were
manually performed on February 11, 2020, 135 days after emergence.

Severity was assessed 15 days after the application of the last fungicide treatment. For this, 10 leaves from each third
of the plant (lower, middle, and upper) were selected from each experimental unit to verify the presence of symptoms
and confirm sporulation using a 60x magnifying glass. Observations were compared against the diagrammatic scale of
Godoy et al.*?. The percentage reduction in severity for fungicide treatments compared to the control was calculated
using the following formula: Control Efficacy (%) = 100 - [100 x (Severity in treatment / Severity in control)]*2.

Defoliation was assessed by visual observation 20 days after the last fungicide application, using the scale of Hirano et
al.13),

At harvest, 10 plants from each experimental unit were selected to quantify the number of pods by counting the total
per plant. To determine 100-grain weight, 100 units of grains were collected and weighed using a precision scale with
0.001 g sensitivity. Finally, yield in kg/ha was calculated manually by cutting and threshing the grains. These were
weighed on a precision scale capable of up to 30 kg. The moisture content of the grains was adjusted to 14%, and the
yield was expressed in kg/ha using the formula: Yield = (field weight / harvested area in m2) x 10,000 x (100 - grain
moisture) / 87).

The data were organized using Excel spreadsheets and analyzed through an analysis of variance (ANOVA) using the
InfoStat software**), to determine whether there were significant differences between the treatments. For the data
on severity, efficacy, and defoliation, an arcsine transformation was applied. Where significant differences were
identified, a comparison of means was conducted using Tukey's test at the 5% level.
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The F-test analysis reveals significant differences between treatments regarding disease severity, highlighting the
impact of various treatments on disease control. Treatment T4 demonstrated superior efficacy, reducing severity to
just 0.8%, a result that aligns with its high control efficacy (92.8%). This finding is consistent with studies that
emphasize the effectiveness of site-specific fungicides in managing soybean rust by reducing disease severity and
improving plant health (8,10). Similarly, treatments T5, T7, and T10 also recorded low severity levels (ranging from
1.8% to 2.3%) and achieved efficacy rates above 80%. This suggests that these treatments are particularly effective in
controlling soybean rust, likely due to their active ingredients and timing of application, which aligns with findings in
the literature that stress the importance of optimized fungicide programs*®. In contrast, the control treatment (T1)
showed the highest severity at 14.7%. The moderate efficacy observed in other treatments (ranging from 39.8% to
69.0%) indicates variability in treatment effectiveness, which could be due to differences in timing and frequency of
application!*®),

Defoliation is a critical variable as it directly affects the photosynthetic capacity of the soybean plants*”*®), Treatments
T7 and T9 demonstrated the lowest defoliation rates (around 12%), indicating their effectiveness in preserving foliage
under disease pressure. This result is consistent with the findings that suggest certain fungicide treatments can
significantly reduce defoliation, thereby maintaining plant vigor and vyield potential®™. In contrast, the control
treatment (T1), which experienced the highest severity, also exhibited the highest defoliation (27.5%), underscoring
the relationship between disease severity and leaf loss.

Treatments Severity (%) Control efficacy (%) Defoliation (%)
T1 14.7 e 0.0a 27.5¢c
T2 8.8 cde 39.8 abc 22.0 abc
T3 10.3 de 28.5 abc 19.3 abc
T4 0.8a 92.8d 13.8 ab
T5 2.2ab 84.0 cd 13.8 ab
T6 4.9 bed 65.5 cd 13.3 ab
T7 2.3 abc 82.5 cd 12.0a
T8 8.0 cde 55.5 bed 12.8 ab
T9 4.4 bed 69.0 cd 11.8 a

T10 1.8 ab 88.3 cd 14.8 ab
T11 5.2 abcd 63.5 cd 15.0 ab
T12 6.0 bcde 59.8 cd 19.5 abc
T13 6.4 bcde 54.8 bed 23.8 bc
Media 5.8 59.5 16.8
FC 9.6** 8.9** 4.9**
CV (%) 28.7 32.0 143

Table 2. Treatment efficacy on soybean rust: severity, control efficacy, and defoliation percentages.

Regarding the variables related to soybean productivity, the analysis of variance indicates that there are significant
differences between treatments for the number of pods per plant and yield, while no effect is observed on the 100-
grain weight (Table 3). The number of pods per plant is an important yield component. The analysis revealed significant
differences among treatments, with T5, T7, and T10 producing the highest number of pods, suggesting these
treatments may enhance reproductive success in soybeans. These results align with studies indicating that certain
fungicides, when applied at critical growth stages, can improve the reproductive output of soybean plants by reducing
disease pressure??). The lower number of pods in other treatments may reflect suboptimal control of disease or stress
factors that impact flowering and pod set?%22),
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The uniformity in 100-grain weight across treatments suggests that fungicidal treatments did not significantly impact
grain size. The non-significant F-test result (FC 1.10) corroborates this, indicating that the treatments did not alter the
final grain weight, which could be attributed to the inherent genetic potential of the soybean variety used rather than
the external treatments!?®). This result aligns with existing literature where grain weight remains unaffected by disease
management strategies unless severe defoliation occurs during grain filling!?+2224),

Yield showed significant differences among treatments, with T7, T5, and T10 achieving the highest yields. This suggests
that these treatments are most effective in enhancing soybean productivity, likely due to their superior disease control
and maintenance of plant health. This results are consistent with studies that highlight the yield benefits of effective
rust management using integrated fungicide programs**1%152024 The moderate coefficient of variation (CV 8.99%)
for yield reflects the expected variability in agricultural field trials, yet it also suggests that the treatments were
generally effective under the given conditions®?9,

Tratamientos Pods per plant 100-grain weight (g) Yield (Kg/ha)
T1 34,5a 13,6 2613 a
T2 36,3 a 13,8 2972 a
T3 37,6 ab 14,0 2755 a
T4 39,4 abc 13,9 3164 abc
T5 43,8 bc 13,6 3859 cd
T6 34,9a 14,1 3181 abc
T7 45,3 a 14,1 3984d
T8 36,7 a 14,0 3062 ab
T9 35,5a 13,5 3214 abc
T10 45,0c 14,0 3609 bcd
T11 34,8a 13,8 3098 ab
T12 40,2 abc 13,9 3324 abcd
T13 35,7a 13,8 3047 ab

Media 38,4 13,8 3222
FC 2,74*% 1,10ns 7,45%*
CV (%) 12,43 2,69 8,99

Table 3. Treatment effects on pod per plant, 100-grain weight, and yield.

The integrated management strategy employing a combination of site-specific and multisite fungicides with resistance
inducers represents a promising approach to managing asian soybean rust in soybean crops. It ensures effective
disease control, preserves plant health, and enhances yield, which is crucial for maintaining the viability of soybean
production in regions prone to asian soybean rust. Further research should focus on refining application timings and
exploring the economic implications of these integrated approaches to optimize their practical application in field
settings.

. ________________________________________________________________________________________________________________________________________________________________________|
Rev. Soc. cient. Parag. Junio. 2025;30(1):94-100



COMBINATION OF FUNGICIDES AND RESISTANCE INDUCER...

Maidana-Ojeda, et al.
r____________________________________________________________________________________________________________]

Financing statement: The authors declare that the funding for this study was provided by the authors
themselves, without receiving financial support from external sources.

Declaration of conflict of interest: The authors declare that they have no conflicts of interest.

Declaration of authors: All authors made significant contributions to the development of this work. MMO

led the study's conceptualization and data management. SV and SF actively
participated in conducting the research and revising the manuscript. GAEM was
responsible for the methodology, overall supervision, and the final review of the
manuscript.

Author contributions: MMO: Conceptualization; Data curation; Writing — original draft; Formal analysis
SV: Investigation; Writing — review & editing
SF: Investigation; Writing — review & editing
GAEM: Methodology; Supervision; Writing — original draft, review & editing

REFERENCIAS BIBLIOGRAFICAS

1. Teran-Vargas AP. Roya asiatica de la soya Phakopsora pachyrhizi Sydow. México, D.F.: SAGARPA/SENASICA; 2013.
Pioli R. Roya de la soja. Monitoreo para deteccidn y diagndstico a campo. Argentina: Sistema de informacidn técnica;
2005. Disponible en: http://www.fcagr.unr.edu.ar/Extension/Informes%20tecnicos/royal.htm

3. Yorinori JT, Paiva WM, Frederick RD, Costamilan LM, Bertagnolli PF, Hartman GE, et al. Epidemics of soybean rust
(phakopsora pachyrhizi) in brazil and paraguay from 2001 to 2003. Plant Disease. 2005;89(6):675-7. Disponible en:
https://apsjournals.apsnet.org/doi/10.1094/PD-89-0675

4. Enciso Maldonado GA, Sanabria-Veldzquez AD, Schlickmann Tank JA, Maidana Ojeda M. Una carrera contra la pérdida de
la eficacia de fungicidas: 20 afios de manejo de la roya asiatica de la soja en Paraguay. IEUNA. 2021;2(12-2). Disponible

en: https://revistascientificas.una.py/index.php/rdgic/article/view/1753

5. Langenbach C, Campe R, Beyer SF, Mueller AN, Conrath U. Fighting asian soybean rust. Front Plant Sci. 2016;7. Disponible
en: https://doi.org/10.3389/fpls.2016.00797
6. Caballero-Mairesse GG, Mendes FH, Arrua AA, Lopez-Nicora HD, Enciso-Maldonado GA. Percepcidn de agricultores sobre

el manejo de enfermedades fungicas de la soja (Glycine max x (L.) Merr.) en Paraguay. Agron Mesoam. 2024. Disponible
en: https://doi.org/10.15517/am.2024.55193
7. Carmona M. Roya asidtica de la soja. Monitoreo, fungicidas y su relacién con la calidad de aplicacién y éxito de control.

Una visiébn desde la Fitopatologia. Argentina: Universidad de Buenos Aires; 2021. Disponible en:
https://www.agro.uba.ar/sites/default/files/documentos/publicaciones/tecnologiaaplicacion.pdf

8. Marchuk Larrea CN, Benitez Rodas GA, Sandoval W, Arrda P, Lopez H, Guillermo E, et al. Trichoderma as biocontrol agent
- in focus. Rev Soc cient Parag. 2024;29(1):137-71. Disponible en: https://doi.org/10.32480/rscp.2024.29.1.137

9. Mendoza-Duarte MJ, Melgarejo-Arrua M, Schlickmann-Tank JA, Caballero-Mairesse GG, Enciso-Maldonado GA. Efecto de
mezclas de fungicidas sitio-especificos combinados con mancozeb en el control roya de la soja en el noreste de Paraguay.
Summa phytopathol. 2023;49:e264911.https://doi.org/10.1590/0100-5405/264911

10. Lopez-Gorostiaga O, Gonzdlez Erico E, Llamas PA de, Molina AS, Franco E, Garcia S, et al. Mapa de reconocimiento de

suelo de la region oriental del Paraguay. Asuncion: Williams & Haintz; 1995.

11. Godoy CV, Koga LJ, Canteri MG. Diagrammatic scale for assessment of soybean rust severity. Fitopatol bras.
2006;31(1):63-8.https://doi.org/10.1590/50100-41582006000100011

12. Enciso-Maldonado GA, Maidana-Ojeda M, Schlickmann-Tank JA, Montoya-Garcia CO, Pdez-Ranoni HJ, Fernandez-
Riquelme F, et al. Fungicidas sitio-especificos combinados con Mancozeb para el control de la roya asiatica de la soya.
Rev Mex Fitopatol. 2019;37(1):1903-3. http://dx.doi.org/10.18781/R.MEX.FIT.1903-3

13. Hirano M, Hikishima M, Silva AID, Xavier SA, Canteri MG. Validacdo de escala diagramatica para estimativa de desfolha
provocada pela ferrugem asiatica em soja. Summa Phytopathologica. 2010;36(3):248-50. https://doi.org/10.1590/S0100-
54052010000300012

14. DiRienzo JA, Casanoves F, Balzarini MG, Gonzalez L, Tablada M, Robledo CW. InfoStat, versién 2021. Grupo InfoStat, FCA.
Argentina: Universidad Nacional de Cérdoba. http://www.infostat.com.ar

. ________________________________________________________________________________________________________________________________________________________________________|
Rev. Soc. cient. Parag. Junio. 2025;30(1):94-100


https://apsjournals.apsnet.org/doi/10.1094/PD-89-0675
https://www.agro.uba.ar/sites/default/files/documentos/publicaciones/tecnologiaaplicacion.pdf

COMBINATION OF FUNGICIDES AND RESISTANCE INDUCER...

Maidana-Ojeda, et al.
r____________________________________________________________________________________________________________]

15. Enciso-Maldonado GA, Nufiez-Ramirez RA, Montoya-Garcia CO, Schlickmann-Tank JA, Maidana-Ojeda M, Mendoza-
Duarte MJ, et al. Efecto de la época de siembra y diferentes programas aplicacion de fungicidas sobre la severidad de la
roya asiatica de la soja. Investigaciones y Estudios-UNA. 2022;13(2):37-48. https://doi.org/10.47133/IEUNA22204b

16. Neto ALV, de Souza CMA, Bertoncello BF, Junior IDS, da Silva Piletti LMM, Rigotte MR. Fungicide management in the Asian
soybean rust. Rev Agrogeoambiental. 2021;13(1). https://doi.org/10.18406/2316-1817v13n120211535

17. Maidana-Ojeda M, Vargas-Britez S, Fin-Mieres MB, Enciso-Maldonado GA. Influencia de la relacién fuente/demanda
sobre la senescencia retardada del tallo de soya. Rev fitotecnia mexicana. 2021;44(3):465-70.
https://doi.org/10.35196/rfm.2021.3.465

18. Carrera CS, Rosas MB, Gontijo Mandarino JM, Leite RS, Raspa F, Fava F, et al. Partial and total defoliation during the filling
period affected grain industrial and nutraceutical quality in soybean. J Sci Food Agric. 2022;102(10):4109-20.
https://doi.org/10.1002/jsfa.11760

19. Danelli ALD, Reis EM, Boaretto C. Critical-point model to estimate yield loss caused by Asian soybean rust. Summa
phytopathol. 2015;41(4):262-9. https://doi.org/10.1590/0100-5405/2003

20. Gabardo G, Pria MD, Silva HLD, Harms MG. Alternative products on Asian soybean rust control and their influence on
defoliation, productivity and yield components. Summa phytopathol. 2020;46(2):98-104. https://doi.org/10.1590/0100-
5405/231561

21. Kim YU, Choi DH, Ban HY, Seo BS, Kim J, Lee BW. Temporal patterns of flowering and pod set of determinate soybean in
response to high temperature. Agronomy. 2020;10(3):414. https://doi.org/10.3390/agronomy10030414

22. HeJ, JinY, Turner NC, Li FM. Irrigation during flowering improves subsoil water uptake and grain yield in rainfed soybean.
Agronomy. 2020;10(1):120. https://doi.org/10.3390/agronomy10010120

23. Enciso-Maldonado G, Sanabria-Velazquez A, Fernandez-Riquelme F, Diaz-N3jera J, Fernandez-Salinas P, Lugo-Pereira W.
Soybean vyield components at different densities and planting seasons in Paraguay. Agronomia Colombiana.
2021;39(1):12-21. https://doi.org/10.15446/agron.colomb.v39n1.88979

24. Mendoza-Duarte MJ, Zarza-Cabrera AC, Arias-Ruiz-Diaz OR, Arrua AA, Fernandez-Gamarra MA, Lopez-Nicora HD, Enciso-
Maldonado GA. Sequential application of fungicides with different modes of action for the control of soybean diseases in
Canindeyu, Paraguay. AgriScientia. 2024;41(2):37-49. https://doi.org/10.31047/1668.298x.v41.n2.44095

25. Smutna P, Tokatlidis IS. Testing Taylor’'s Power Law association of winter wheat variation with mean yield at two
contrasting soils. Eur J Agron. 2021;126:126268. https://doi.org/10.1016/].€ja.2021.126268

26. Nardino M, Olivoto T, Barros WS, Carvalho CGD, Signorini VS, Mezzomo HC, Casagrande CR. Meta-analysis of the
experimental coefficient of variation in wheat using the Bayesian and Frequentist approaches. Scientia Agricola.
2022;80:€20210190. https://doi.org/10.1590/1678-992X-2021-0190

. ________________________________________________________________________________________________________________________________________________________________________|
Rev. Soc. cient. Parag. Junio. 2025;30(1):94-100


https://doi.org/10.15446/agron.colomb.v39n1.88979

