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Damage to soybean caused by downy mildew

Danos na soja causada por mildio
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ABSTRACT

Downy mildew is widespread throughout the world.
However, the damage that it causes has not been studied in Brazil
vet. The objective of this work was to evaluate which components
of soybean yield are affected by downy mildew and to determine
the coefficient of damage. Two field experiments were conducted in
Castro (2006/07) and Ponta Grossa (2007/08) in the state of Parana,
Brazil. The experimental design consisted of completely randomized
blocks of (i) six treatments and five replications for the 2006/07
and (ii) eight treatments and four replications for the 2007/08 field
experiments. Potassium phosphite (750g a.i. ha'), propamocarb +
fenamidone (900g a.i. ha') and mancozeb (2400g a.i. ha') were
applied. In all of the treatments, the maximum severity of downy
mildew infection occurred at growth stage R5.3, and the percentage
of severity ranged between 0 and 43%. The disease gradient was
obtained only on the second season. Equations of damage were
generated for the yield and grain weight. The number of grains per
pod and the number of pods per plant were not affected by downy
mildew but, the weight of 1000 seeds per plant was reduced linearly
with increasing of mildew severity.
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RESUMO

O mildio da soja é disseminado em todo mundo.
Entretanto, o dano que ele causa ndo tem sido estudado no
Brasil. O objetivo deste trabalho foi avaliar quais componentes
de rendimento da soja sdo afetados por essa doenga e determinar
o coeficiente de dano. Dois experimentos foram conduzidos, um
em Castro (2006/07) e outro em Ponta Grossa (2007/08), no
Estado do Parand, Brasil. O delineamento experimental foi de
blocos ao acaso com (i) seis tratamentos e cinco repeticées para
os experimentos de campo, safras 2006/07, e (ii) oito tratamentos
e quatro repetigées para 2007/08. Foram aplicados fosfito de
potdssio (750g ia ha), propamocarb + fenamidona (900g ia ha™)

e mancozeb (2,400g ia ha™*). Em todos os tratamentos, a severidade
mdxima da infecgdo pelo mildio ocorreu no estidio R5.3 e a
porcentagem de severidade variou entre 0 e 43%. O gradiente da
doenga foi obtido apenas na segunda safra. Equagoes de danos
foram geradas para o peso de grdos e produtividade. O niimero
de grdos por vagem e o numero de vagens por planta ndo foram
afetados pelo mildio mas o peso de 1000 sementes por planta foi
reduzido linearmente com o aumento da severidade do mildio.

Palavras-chave: Peronospora manshurica, Glycine max, oosporo.

Soybean [Glycine max (L.) Merill)]
can be attacked by several diseases, among which
downy mildew caused by Peronospora manshurica
(Naumov) Syd.can cause 8 to 14% damage to U.S.
susceptible genotypes (DUNLEAVY, 1987). Downy
mildew is widespread throughout the major soybean-
producing regions of the world (DUNLEAVY, 1987,
LIM, 1989) and in Brazil (SILVA et al., 2011).

The main method for control ofthis disease
involves resistant cultivars (LIM, 1989) by major
genes.Susceptible cultivars of soybean are widely
cultivated in Brazil and genetic resistance to downy
mildew is not part of breeding programs in Brazil.
This disease is known to cause low damage to the
crop, therefore, specific control strategies for soybean
downy mildew have been entirely neglected. Instead,
an average of 2.3 applications of triazole, combined
with strobilurinsis used to control Asian soybean rust
(Phakopsorapachyrhizi Syd. & P. Syd.) and other
late season diseases (LSD) (Cercoporakikuchii Mats.

'Departamento de Fitotecnia e Fitossanitarismo, Universidade Federal do Parana (UFPR), 80035-050, Curitiba, PR, Brasil. E-mail:

maydemio@ufpr.br. “Corresponding author.

"Departamento de Fitotecnia e Fitossanidade, Universidade Estadual de Ponta Grossa (UEPG), Ponta Grossa, PR, Brasil.

Received 01.26.15  Approved 09.01.15

Returned by the author 12.02.15

CR-2015-0093.R2



390 Silva et al.

& Tomoy and Septoriaglycines Hemmi (GODOY
et al., 2009). Several products are registered for the
control of Oomycetes, however some authors also
recommend phosphites (JACKSON et al., 2000;
MCDONALD et al., 2001). SILVA et al. (2011)
detected a linear reduction in the severity of downy
mildew infections and a significant improvement in
the leaf area index with an increase in the quantity of
phosphite applied.

Models for quantifying the damage caused
by downy mildew can be obtained by quantifying
severity of the disease and correlating it with yield.
The equation that correlates the severity of the
disease with the amount of damage to the cropis
called the damage coefficient (ZADOKS, 1985).
The study of the damage caused by pathogens is
essential to establish the strategy to disease control.
(BAHATCHUKet al., 2008).

The present study aimed to investigate the
damage caused by downy mildew infection under the
components of the soybean yield in Brazil and to determine
the damage coefficient equation via the disease gradient.

Two experiments were carried out in 2006/07
and 2007/08 seasons at ABC Foundation Field Station
in Castro and the Ponta Grossa municipality, which
are located in Parana State, Brazil. The coordinates are
latitudes of 25°0°54” and 24°51°21”’S and longitudes
of 50°9°12” and 49°55°53”W for Ponta Grossa and the
Castro municipality, respectively. The early season CD
215 cultivar, which is susceptible to downy mildew and
soybean rust and moderately susceptible to powdery
mildew and LSDs, was used. The soybean plants were
sown in October, 2006 and November, 2007 under no-
tillage system and a population density of 35 plant per
m?of plot. In the 2006/07 season, a total of six treatments
of 900g a.i. ha! of propamocarb hydrochloride +
fenamidone (37.5% and 7.5%) was applied at V3 (2«
trifoliate leaves have developed), V7 (6% trifoliate
leaves have developed), R2 (full bloom), R3 (2-4cm
pods) and R5.1 (10% grain filling). In the 2007/08 crop
year, 750g a.i. ha! of phosphite (30% P,0,+20% K,0)
was applied in treatments 1-6. For treatment 7, 900g
a.i. ha'! of propamocarb hydrochloride + fenamidone
(37.5% and 7.5%) was applied, while 2400g a.i. ha of
mancozeb alternated with 1280g a.i. ha™' of cymoxanil
+ mancozeb 160 was applied as treatment 8. The
damage equationwas obtained by downy mildew
severity gradient suggested by SAH & MACKENZIE
(1987). The gradient was obtained bya sprays program
of potassium phosphite and fungicides of six and
eight treatments in 2006/07 and 2007/08, respectively.
The treatments were appliedwith a backpack sprayer
(MAEPower Equipment, Mission, TX, USA) at a
constant pressure (maintained by compressed CO,)

of 131kPa. The sprayer was equipped with sixpointed
“range” flat-fan nozzles (XR11002) spaced 0.5m apart
and calibrated to deliver the equivalent of 135L ha’!
under weather conditions where the relative humidity is
above 60% and temperatures are below 30°C.

Five fungicide applications were sprayedto
prevent the occurrence of other leaf diseases: one
application of cyproconazole (30g a.i. ha'), two
applications of tebuconazole (100g a.i. ha') and
two applications of carbendazim (500g a.i. ha') in
V5 (four fully developed trifoliate leaves), R2 (full
bloom) and R5 (reproductive stage) soybean stage.
A randomized block design with (i) six treatments
and four replications for the 2006/07 and, (ii) eight
treatments and five replications for the 2007/08 field
experiments, respectively, was utilized. Each plot
was 2.8 x 5.0mbyseven rows spaced 0.40m (14m?
and a total usable area of 6.4m?). Five assessments
of the severity of the downy mildew infection were
conducted in the 2006/07 at V6 (five fully developed
trifoliate leaves), V10 (nine trifoliate leaves), R2, R5.3
(26 to 50% grain filling) and R6 (100% grain filling and
leaves were still green). In 2007/08 seven assessments
of downy mildew severity were performed at the
following growth stages: V6, V10, R1 (initial bloom),
R2, R4 (2cm pods), R5.3 and R6. The severity of
downy mildew was assessed in 20 trifoliate leaves, 10
leaves from the lower and 10 leaves from the upper
part of canopy. The average of the disease severity
was calculated by using bothsamples. The severity of
the P manshurica infection was quantified using the
diagrammatic scale (KOWATA et al., 2008).

Plants were harvested in March of 2007
and 2008 to determine the yield and 1000 seed
weight, and the seed moisture content was corrected
to 13%. The yield componentswere calculated by
number of pods per plant, the number of grains per
pod and 1000 seed weight in 25 and 10 plants per plot
in 2006/07 and 2007/08 respectively. When the F- test
was significant at the 5% level, a regression analysis
between the independent variable of the severity of
downy mildew on leaves at the R5.3 stage and the
dependent variables of yield and its components
was performed to obtain the damage coefficient
equations. The coefficientsof themodel usedwere
tested by Student’s t test (P<0.05). The equations
were adjusted forthe 1000 seed weight and for kg per
hectare of soybeans. The Statistical Analysis System
software version 9.1 and JMP 8 (SAS Institute Inc.,
Cary, NC, USA) were applied in the analysis.

In both crop years and locations, the
weather conditions were favored for downy mildew
infection and its development but in 2006/07 the
severity was lower than in 2007/08 (Figure 1A and
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(2007/08) in Parana State, Brazil.

Figure 1 - Progress curve of soybean downy mildew (Peronospora manshurica), cv. ‘CD 215’ in Castro (2006/07) (A) and Ponta Grossa
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1B). The combination of phosphite and fungicide
applications were used to generate the downy mildew
severity gradient in soybean, resulting in a range of
disease infection from zero to 8% in 2006/07 and from
zero to 42.7% in the 2007/08. The first symptoms
of the downy mildew occurred in the beginning of
vegetative crop stage (V7 =6" trifoliate leaves are
open on the plants) with very low incidence, at 40 days
after emergence (DAE) and the maximum severity
occurred at the R5.3 reproductive stage (50% grain
filling) at 90 DAE for both seasons. The data presented
considered the disease from V10 to R5.3. The downy
mildew severity was correlated with yield and its
components and the negative correlation was obtained
atthe R5.3 growth stage. The variables of the damage
function were estimatedby using linear regression
analysis. The equations were fittedto provide the
damage coefficientsfor the 1000 seed weightand it
was considered thatone on soybean for each 1% of P.
manshurica disease severity when significant.

Among the four yield components
evaluated the number of grains per pod and the number
of pods per plant were not affected by downy mildew
in both seasons (data not shown), which could be due
to the duration of the disease and early occurrence in
the season; besides that, to the low damage in general
on the yield. The weight of 1000 seeds (P1000g)
per plant was reduced linearly with increasing of mildew
severity in the second season (Figures 2A). PANDEY &
TORRIE (1973) found that in addition to genetic
factors, environmental conditions and biotic agents
influenced the average seed weight. The damage
coefficient estimated for P1000 g was from 1.4g for
each 1% of disease severity on the leaves at growth
stage R5.3. DUNLEAVY (1987) also reported grain
weight reductions from 3.9 to 7.2% in three cultivars
when downy mildew incidence was up to 98%.The
present study estimated yield reductions of 6.3% in
2007/08 using the damage coefficient of P1000g at
45% of disease severity.

Figure 2 - Relationship between the 1000 seeds weight (A) and yield components (B) of soybean cv. CD 215 and the severity of the downy
mildew infection at growth stage R5.3 when the plants were 50% filled with grain season 2007/08 in Ponta Grossa in Parana State,
Brazil. Linear regression model: y=bx-+a, where a is the intercept and b is the slope; R?is the coefficient of determination.
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In 2007/08 the soybean yieldwas affected by
P, manshurica and there was linear reduction of yield in
relation to the increase in disease severity at growth stage
R5.3 (Figure 2B). The damage coefficient estimated was
2.5kg for each 1% of disease severity assuming 1000kg
ha! yield. Although downy mildew is considereda low-
impact pathogen and reports of soybean damage by
downy mildew are rare, DUNLEAVY (1987) reported
damage of 11.8% in three susceptible cultivars when
the disease incidence was higher than 95% in the USA
for two seasons. The same 12% of damage reported by
DUNLEAVY (1987) can be estimate dusing the damage
coefficient of the present study at 45% of disease
severity. The control of downy mildew on soybean
leaves might be an important strategy to reduce crop
damage and avoid seed transmission to new areas. In
this study was confirmed the reduction of 1000 seed
weight by the disease.

REFERENCES

BAHATCHUK, D.A.et al. A critical-point model to estimate
damage caused by wheat leaf diseases in a multiple pathosystem.
Tropical Plant Pathology, v.33, p.363-369, 2008. Available from:
<http://www.scielo.br/pdf/tpp/v33n5/v33n5a04.pdf>.  Accessed:
Nov. 22.2014. doi: 10.1590/S0100-54052006000300005.

DUNLEAVY, J.M. Yield reduction in soybean caused by downy
mildew. Plant Disease, v.71, p.1112-1114, 1987.

GODOY, C.V. etal. Asian soybean rust control efficacy as a function
of application timing under epidemic conditions in Londrina,
PR. Tropical Plant Pathology, v.34, p.56-61, 2009. Available

from:  <http://dx.doi.org/10.1590/S1982-56762009000100011>.
Accessed: Out. 13,2013. doi: 10.1590/S1982-56762009000100011

JACKSON, T.J. etal. Action of the fungicide phosphite on Eucalyptus
marginata inoculated with Phytophthora cinnamomi. Plant
Pathology, v.49,p.147-154,2000. Available from: <http://onlinelibrary.
wiley.com/doi/10.1046/j.1365-3059.2000.00422.x/full>.  Accessed:
Jul. 10, 2015. doi: 10.1046/j.1365-3059.2000.00422 x.

KOWATA, L.S. et al. Escala diagramatica para avaliar severidade
de mildio na soja. Scientia Agraria, v.9, p.105-110, 2008.

LIM, S.M. Inheritance of resistance to Peronospora manshurica race
2 and race 33 in soybean. Phytopathology, v.79, p.877-879, 1989.

MCDONALD, A.E. et al. Phosphite (phosphorous acid): its
relevance in the environment and agriculture and influence on plant
phosphate starvation response. Journal Plant Nutrition, v.24,
p-1505-1519, 2001. Available from: <http://www.tandfonline.com/
doi/abs/10.1081/PLN-100106017#.Vg6Gs_1VhBc>.  Accessed:
Jul. 10, 2015.doi:10.1081/PLN-100104983.

PANDEY, J.P.; TORRIE,J.H. Path coefficient analysis of seed yield
components in soybean. CropScience, v.13,p.505-507, 1973.

SAH, D.; MACKENZIE,D. Crop loss assessment and pest
management: methods of generating different levels of disease
epidemics in loss experiment. Saint Paul, MN: APS 1987.270p.

SILVA,O.C. et al. Potassium phosphite for control of downy
mildew of soybean. Crop Protection, v.30, p.598-604, 2011.
Available from: <http://www.sciencedirect.com/science/article/pii/
S0261219411000585>. Accessed: Jun, 11, 2014.

ZADOKS J.C. On the conceptual basis of crop loss assessment: the
threshold theory. AnnualReview Phytopathology, v.23, p.455-473,
1985. Available from: <http://www.annualreviews.org/doi/abs/10.1146/
annurev.py.23.090185.002323>. Accessed: Oct. 01, 2010.

Ciéncia Rural, v.46, n.3, mar, 2016.



	_GoBack

