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Abstract

The downy mildew caused by Peronospora sparsa Berkeley is one of the most important diseases
of the rose bush in Mexico, causing 100% losses. Its management is based on fungicides in
continuous applications that tend to generate resistant populations. The search for alternatives is
indispensable. In the present work, the morphometric and molecular identity of the agent associated
with the downy mildew of the rose was confirmed, the effectiveness of the potassium phosphite
(K3POg), chitosan, silicon and mefenoxam was evaluated for the management of the disease and
its effect on the length and diameter of floral stem. The study was conducted in summer and fall of
2013 in Tenancingo, State of Mexico. The morphometric characterization was carried out under a
compound and scanning electron microscope. For molecular characterization, the ribosomal DNA
of the ITS region was amplified with primers PS3 and PS1. The treatments were: potassium
phosphite (K3POs3), chitosan, silicon, mefenoxam and control and were applied at weekly intervals.
The experimental design was randomized blocks and the mean comparison was by Tukey (o=
0.05). Morphometric and molecular data corresponded to Peronospora sparsa. KsPOs and silicon
reduced the incidence and severity with respect to the control. The treatment with KsPO3 showed
increases of 24.8 and 97.5% in the length of stems with diameters of 7.5 and 6.2 mm in summer
and autumn respectively, comparing with the control. Thus, KsPOs and silicon can be alternatives
in the management of downy mildew of the rose bush under greenhouse conditions.
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Introduction

The Rosa spp. It is one of the most important ornamental crops and greenhouse production is
estimated at around 8 500 ha, with an annual production of approximately 15 to 18 billion cut stems
in the world (Blom and Tjusita, 2003). In 2017, in Mexico, 1 127.1 ha were cultivated in the
greenhouse and its yield was 6 985.98 t ha (SIAP, 2018). However, the crop is susceptible to
various diseases such as downy mildew caused by the oomycete Peronospora sparsa Berkeley
(Debener and Byrne, 2014), one of the main phytosanitary problems of this crop worldwide, which
causes losses in production by decreasing the quality of the floral stems and increase the cost of
production, especially by the increase in the number of applications of fungicides (Ayala et al.,
2008; Castillo et al., 2010).

The management of Peronospora sparsa is based fundamentally on the application of fungicides
(Aegerter et al., 2002; Quiroga and Arbelaez, 2004) with up to three applications per week, with a
drastic increase in production costs and impacts on human health and the environment, besides
originating resistant variants of the pathogen (Kuck et al., 2011; Rebollar-Alviter et al., 2012). Due
to market pressure on the safe handling of less polluting and dangerous crops, it is important to
find alternatives to fungicides for the management of downy mildew, such as salts of phosphorous
acid (phosphites) that have shown potential to control diseases caused by oomycetes, in particular
the genera Peronospora, Plasmopara, Phytophthora and Pythium (Lobato et al., 2010; Silva et al.,
2011; Burra et al., 2014; Brunings et al., 2015).

Its mode of action is complex; present direct effects on pathogens (King et al., 2010) and indirect
effects by stimulating host defense responses (Machinandiarena et al., 2012; Burra et al., 2014). In
this regard, Lobato et al. (2010) showed that applications of phosphites reduced the symptoms
caused by Phytophthora infestans (Mont.) of Bary, Fusarium solani (Mart.) Sacc. and Rhizoctonia
solani Kiihn in potato tubers (Solanum tuberosum L.).

In addition, that the phosphites act as a potential inducer of beneficial metabolic responses in
plants, their efficacy on the quality and yield of some crops has been confirmed (Lovatt and
Mikkelsen, 2006; Gomez-Merino and Trejo-Téllez, 2015). Also, silicon applications have been
shown to be effective in suppressing fungal diseases; when deposited in intra and inter cellular
spaces, acting as a physical barrier against the infection of pathogens (Ma and Takashi, 2002).

Also the resistance mediated by silicon to phytopathogens has been demonstrated in several
pathosystems such as cucumber-Podosphaera fuliginea (Schltdl.) U. Braun & S. Takam. (Liang
et al., 2005), zucchini-P. xanthii (Castagne) U. Braun & Shishkoff (Sawas et al., 2009), wheat-
Blumeria graminis (DC.) Speer (Belanger et al., 2003) and pepper-Phytophthora capsici
(Leonian) (Lee et al., 2004) by the induction and accumulation of low molecular weight
antifungal metabolites in response to infection during the development of the disease (Fawe et
al., 1998; Fauteux et al., 2005). It has also been shown that the application of silicon promotes
the growth and quality of roses (Hwang et al., 2005; Reezi et al., 2009). The control of
oomycetes has also been achieved by treatment with chitosan, acting directly on the pathogen
or by stimulating responses of plant defenses (lriti et al., 2011). In this regard, it was reported
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that the treatment with chitosan inhibited the mycelial growth of P. capsici in peppers (Xu et
al., 2007), whereas in seedlings of Solanum tuberosum the enzymatic activity of chitinase was
increased in response to infection by P. infestans (O’Herlihy et al., 2003).

On the other hand, Wojdyla (2004) reported that the application of chitosan at a concentration of
0.025% in rose, showed a biological effectiveness higher than 72% in the control of Peronospora
sparsa and was similar to the fungicide. Regardless of the effects of chitosan on diseases,
significant improvements in growth and quality have been reported in various ornamental crops
(Wanichpongpan et al., 2000; Ohta et al., 2001; Nge et al., 2006; Ramos-Garcia et al., 2009).

Based on the above, the objectives of this study were to morphologically and molecularly characterize
the agent associated with downy mildew in Rosa spp., evaluate the efficacy of four commercial
products (Metalaxyl, potassium phosphite, silicon and chitosan) in the management of downy mildew
in field conditions and determine its effect on the length and diameter of the floral stem.

Materials and methods
Morphometric characterization

It is collected in glasshouse rose leaves var. Lupita® (Meilland International) with symptoms and
signs of downy mildew in the municipality of Tenancingo, Mexico. Structures such as
sporangiophores and sporangia were detached from the leaflets and with them semipermanent
preparations were made with Scotch tape in 50% glycerol acidified with 12N HCI, these were
observed and measured in the compound microscope (Carl Zeiss® Axiostar plus). morphometric
of 30 sporangiophores and 50 sporangia. The identification of the genus and species was carried
out according to Achard (1997); Horts and Cloyd (2007).

Scanning electron microscopy

Fragments of young leaves (0.5 cm?) of rose with signs of downy mildew were fixed in 3%
glutaraldehyde for 24 h, then washed with Sorensen's phosphate buffer (0.1 M). The samples were
dehydrated by immersion in ethanol at gradual concentrations (30, 40, 50, 60, 70, 80, 90) for 40
min each and 100% three times for 20 min. Subsequently, they were dried in CO- in a critical point
desiccator (Sandri-780A®, USA) for 40 min, mounted in copper sample holders and coated with
gold in an ionizer (lon Sputter JFC-1100, JEOL®, Japan) for 1 min. Finally, the preparations were
observed and photographed in a scanning electron microscope (JEOL JSM-6390®, Japan).

Extraction of DNA

The extraction of DNA was carried out from leaves with signs of downy mildew, using the Plant
DNAzol Reagent® reagent (Invitrogen™) according to the protocol described by the manufacturer,
with modifications to avoid the effect of phenols, so that five washed with 300 pL of 75% ethanol.
DNA integrity was observed on a 1% agarose gel (Ultrapure™), DNA bands were visualized in a
transilluminator (Syngene® GVM20), the quality and concentration were determined in a
biophotometer (Eppendorf® D-5000-3000). The obtained DNA was resuspended in 50 pL of
molecular biology water and stored at -20 °C for later use.
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PCR and DNA sequencing

For the PCR test, the specific primers PS3 (5’ATTTTGTGCTGGCTGGC3’) and PS1
(5’TGCCACACGACCGAAGC3’) (Aegerter et al., 2002) were used to differentially amplify the
ITS1, 5.8S and ITS2 region of the rDNA of the pathogen under study. The PCR reactions were
performed in a final volume of 20 uL of the mixture: 2.6 uL of sterile deionized water (Gibco®),
10 uL of 2X Phire Plant PCR Buffer (includes 200 uM of each dNTPs and 1.5 mM of MgCl2), 2
uL of each first PS3 and PS1 (10 pmol), 2 pL of sterile non-fat milk (10 mg mL™), 1 pL of DNA
and 0.4 pL of DNA polymerase (Phire® Hot Start I1). The amplification was performed in a
thermocycler (MJ Research Thermal® PTC-100) according to the procedure described by Ayala et
al. (2008). The product of the amplification was verified by electrophoresis at 90 V for 30 min in
1% agarose gel and staining with 1 pL of ethidium bromide, the visualization was carried out in a
transilluminator (Syngene® GVM20). The DNA was purified with the commercial kit DNA Clean
& ConcentratorTM-5 (Zymo Research®).

Subsequently, fragments amplified by PCR were sequenced in both directions in a genetic analyzer
(Applied Biosystem® ABI Prism 3130XL). The sequence obtained was aligned in the NCBI
database. The sequence was deposited at the GenBank base.

Greenhouse experiments

In rose plants var. Lupita® grown in greenhouse conditions were conducted two trials: the first in
the summer season and the second in autumn 2013. Both were performed under a randomized block
design with five treatments and four repetitions. Twenty experimental units were used, each
experimental unit consisted of a plot of 2.7 m long and 1 m wide with 27 rose plants distributed in
a row. By means of a pruning, the production of shoots was stimulated in a homogeneous way, on
which the treatments were evaluated.

Treatments

The treatments were: potassium phosphite, silicon, chitosan, the fungicide mefenoxam and a
control based on distilled water (Table 1). The treatments were randomly assigned to each
experimental unit, its application started eight days after pruning and later at weekly intervals until
the end of the trials. The application was made with a motorized spray pump (Maruyama®
MS072H) with a fan nozzle.

Table 1. Description of the treatments applied on rose plants var. Lupita® for the management
of Peronospora sparsa.

Treatment Tradename Concentration “Doses (mL L?)

Control Distilled water -

Potassium phosphate  Nutriphite magnum® 2% N, 40% P20s, 16% K20 2.5

Silicon Armurox® 2% peptide complex with 2.5
soluble silicon

Chitosan Biorend® 2.5% poly-d-glucosamine 3

Mefenoxam Ridomil Gold® 480 SL 480 gialL? 2

“Doses recommended by the manufacturer.
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Variables evaluated

Ten stems were selected and labeled randomly per experimental unit for the evaluation of the
incidence and severity of the disease, length and diameter of floral stems.

Evaluation of the incidence and severity

To favor the natural development of downy mildew during the trials, the relative humidity (90-
100%) was increased by means of a nebulization system. The incidence and severity were
evaluated immediately after the onset of the first symptoms, subsequently at weekly intervals. The
percentage of incidence was calculated by counting the number of stems with symptoms in relation
to the 10 stems evaluated by experimental unit. The severity of the disease was determined by a
percentage scale according to Rebollar et al. (2012) with the following classes: 0= (no symptoms),
1= up to 5%, 2=5-10%, 3= 10-25%, 4= 25-50%, 5= 50-75% and 6=> 75% leaf area covered with
lesions. The values were transformed to percentage of severity by the equation of Townsend and
Heuberger (1943). The incidence and severity data were transformed to area under the disease
progress curve (ABCPE), applying the trapezoidal integration method (Campbell and Madden,
1990).

Evaluation of length and diameter of floral stem

At the cutting point, the stem length (cm) was measured with a flexometer, from the base to the
apex thereof. The diameter was determined in the middle part of the stem with a digital vernier
(Truper® CALDI-6MP).

Analysis of data

The data of the variables were subjected to an analysis of variance and comparison of means Tukey
(0= 0.05%) through the statistical program InfoStat, student version 2015.

Results and discussion
Morphometric characterization

The pathogen associated with the disease was identified as Peronospora sparsa Berk. based on the
symptomatology shown in the leaves, which was characterized by the development of irregular
purple to dark brown spots on the leaves (Figure 1A and 1B), while on the underside the signs of
the pathogen (sporangiophores) and esporangios) were observed, later abscission of the leaves was
evidenced. These symptoms agree with those reported by Horst and Cloyd (2007). Hyaline
sporangiophores were observed emerging from the stomata on the underside of the leaves, 150-
240 x 7.5-12 um, with dichotomous branching 3 to 4 times with bifurcated tips (Figure 1C and
1D). The sporangia were hyaline, subglobose to ellipsoidal, of 17.5-25 x 12.5-17.5 um, with rough
texture wall and in the base presented a germination papilla (Figure 1E and F). Morphometric
characteristics that coincide with the reports of Achar (1997), Horst and Cloyd (2007) and Lopez-
Guisa et al. (2013).

1581



Rev. Mex. Cienc. Agric. vol.9 num. 8 November 12 - December 31, 2018

Figure 1. A and B) symptoms caused by Peronospora sparsa in rose bush. var. Lupita®; C and D)
hyaline sporangiophores emerging from stomata, with dichotomous branches and
bifurcated tips; E and F) hyaline sporangia with rough wall and germination papilla.

Molecular characterization

Sequencing of the product of the ITS region of the rDNA amplified by PCR using primers PS3 and
PS1 (Aegerter et al., 2002) allowed to amplify a nucleotide sequence of 689 bp. When comparing
the nucleotide sequence of this study (deposit number KJ817198), with those deposited in
GenBank, the BLAST analysis showed a 99% identity with accessions of Peronospora sparsa on
Potentilla reptans (DQ874342) in Korea (Choi et al. , 2007) and in Rubus sp. (EU369694) from
Mexico (Revollar-Alviter et al., 2008) and 98% with isolated sequences from Rosa multiflora
(AY608610) in Korea, Rubus fruticosus (EU391654) from Denmark and in Rosa sp. (AF266783)
from England (Cooke et al., 2000; Choi et al., 2005; Sundelin et al., 2009).

Incidence and severity assessment

The ABCPE of the incidence and severity showed significant differences (p> 0.05) between
treatments (Table 2). The treatment with potassium phosphite at a dose of 2.5 mL L significantly
reduced the incidence (7.6% in summer and 58% in autumn) and the severity (50.3% in summer
and 84.2% in autumn) of Peronospora sparsa, this with respect to the witness Similar results have
been reported by Chavarro-Carrero et al. (2012), who demonstrated that periodic applications of
potassium phosphite (2.5 mL L™) on rose var. Bingo White® reduced the incidence up to 35% and
the severity in 6.3% of P. sparsa.
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Recently, Boyzo-Marin et al. (2015) reported that treatment with potassium phosphate in
blackberry reduced the incidence of P. sparsa from 0.66 to 13% compared to the control. The effect
of the phosphites is due to the fact that they are compounds that move systemically through the
xylem and the phloem (Cooke and Little, 2001), acting directly in the development of the pathogen,
inhibiting the mycelial growth, causing the deformation of the hyphae and lysis of the cell wall
(King et al., 2010), or indirectly through the activation of plant defense mechanisms through the
salicylic acid pathway (Massoud et al., 2012).

The results of this study also indicate that silicon can be an alternative for the management of this
disease, since in the summer there was a significant reduction in incidence (4.5%) and severity
(20.3%), with respect to the control. In the fall season the incidence decreased 13.1%, but without
statistical difference, while in the severity a significant reduction of 66.8% was observed, in
contrast to the control (Table 2). In this regard, Ratnayake et al. (2016), reported that the application
of potassium silicate (200 ppm) in plants of Momordica charantia L., significantly reduced the
severity of Pseudoperonospora cubensis (Berk. & MA Curtis) Rostovzev, from 37-53%, compared
with the control.

Table 2. Area under the curve of the progress of the disease (ABCPE) for the incidence and
severity of P. sparsa in the cultivation of rose var. Lupita®.

Incidence Severity

Treatment

Summer Autumn Summer Autumn
Potassium phosphate 21354 1286.2 A 1014.4 A 258.1 A
Silicon 22054 2 660 BC 162488 5425 A
Chitosan 218754 2817.58¢ 1676.5BC 125568
Mefenoxam 218754 2 8525 BC 1739.96BC 1255.6B
Control 23108 30625°€ 2039.7°¢ 1631.8B

Means with a letter in common are not significantly different, Tukey (p> 0.05).

Similar results were obtained by Garibaldi et al. (2012), who reported that the application of
potassium silicate, reduced the incidence and severity of downy mildew caused by Bremia lactucae
Regel, in lettuce plants (Lactuca sativa L.). The effect of silicon is attributed to the creation of
physical barriers (thickness of the cuticle) by the accumulation of the same in the leaves, which
prevents the penetration of pathogens and by the direct stimulation of responses in the host
(Rodrigues et al., 2005; Ma and Yamaji, 2006; Ratnayake et al., 2016).

On the other hand, the treatment with chitosan only significantly reduced the incidence of P. sparsa
in the summer season, contrasting with the control, while the severity was not reduced in any of
the two seasons (Table 2). The results are possibly related to the concentration applied, the
molecular weight, the degree of deacetylation and the type of chitosan, as reported by Bautista-
Barios et al. (2006); Kong et al. (2010).

Similarly, the fungicide mefenoxam did not absolutely inhibit the development of P. sparsa, since
the ABCPE values were statistically equal to the control, except for the incidence observed in the
summer season (Table 2). A similar trend was observed by Quiroga and Arbelaez (2004), who
reported that applications of mefenoxam to soil and foliage did not effectively control the
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development of P. sparsa in the rose crop in Colombia. Resistance to mefenoxam has also been
observed in an isolation of Peronospora belbahrii Thines on basil (Ocimum basilicum L.) in Israel
(Cohen et al., 2013).

The loss of sensitivity of the pathogen to mefenoxam found in the present work, may be due to
the development of P. sparsa resistance, which suggests analyzing the use of mefenoxam in
the production of rose, mainly because this fungicide is widely used in Mexico for the
management of this pathogen. Another factor that could influence was the pressure of the
disease, as reported by Walter et al. (2004) who demonstrated that metalaxyl did not have a
significant effect for the control of P. sparsa in bramble (Rubus hybrid) when high disease
pressure was observed.

Evaluation of length and diameter of floral stem

The treatment with potassium phosphite in rose var. Lupita® plants significantly increased the
length of stems of 24.8% and 97.5% in the summer and fall season respectively, contrasting with
the control, which induced the shortest length in both seasons (Table 3). Similarly, plants treated
with potassium phosphite, showed the largest stem diameters with 7.5 and 6.2 mm in the summer
and autumn season respectively, and were statistically different (p> 0.05) with respect to the control
(Table 3). Despite the fact that there is no evidence to show the positive effects of potassium
phosphite on flowers and ornamental species (Gomez-Merino and Trejo-Téllez, 2015), the results
of the present investigation allow us to infer that applications of potassium phosphite in plants of
rose, increases the length and diameter of stems; so it becomes an alternative for the integrated
management of said crop. Similar results have been reported in other crops, for example; Glinicki
et al. (2010) reported beneficial effects of potassium phosphite on the growth parameters of three
strawberry cultivars, on the other hand, Tambascio et al. (2014) documented that the application
of potassium phosphite in tubers (seed) of Solanum tuberosum L. accelerated the emergence and
increased leaf area and dry matter.

Table 3. Effect of treatments on the length and diameter of floral stems of the Lupita® variety.

Length (cm) Diameter (mm)
Treatment
Summer Autumn Summer Autumn

Potassium phosphate 76.1 A 39.34 754 6.2 A
Silicon 61.8 B 2298 6.8 BC 4.6 B¢
Chitosan 6198 21.78 7.18 488
Mefenoxam 66.18 23.78 7.4 A 4.7 BC
Control 618 1998 6.6 C 4.4°¢

Values with a letter in common are not significantly different, Tukey (p> 0.05).
In addition, in citrus and avocado, it has been shown that a single foliar application of phosphites

increases floral intensity, yield, fruit size, total soluble solids and anthocyanin concentration
(Lovatt and Mikkelsen, 2006).
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Likewise, it has been demonstrated that silicon applications have beneficial effects on the growth
and quality of roses (Hwang et al., 2005; Reezi et al., 2009). However, in our tests the application
of silicon did not show significant differences on the length and diameter of floral stems, this with
respect to the control (Table 3). The results could be related to the dose of application, since there
is evidence that high doses of silicon cause a reduction in the length and diameter of rose stems
(Reezi et al., 2009), in Gerbera jamesonii L. Bolus, it decreases stem length and causes flower
deformation (Kamenidou et al., 2010).

With regard to chitosan, an increase in length of stem 1.5% was observed in summer and 9% in
autumn, but without significant difference with respect to the control. While increments of 7.6 and
9.1% were observed in the stem diameter for summer and autumn respectively, and were
statistically different (p> 0.05) when compared with the control (Table 3). Some reports indicate
that the application of chitosan presents significant improvements on growth and development in
ornamental crops, such as gerbera (Wanichpongpan et al., 2000), orchids (Chandrkrachang, 2002),
lisianthus (Ohta et al., 2001), Lilium spp. (Kim et al., 2005) and Gladiola (Ramos-Garcia et al.,
2009). However, it is important to note that the success of chitosan may be associated with the
concentration used, the molecular weight and the degree of deacetylation (Aranaz et al., 2009;
Salachna and Zawadzinska, 2014).

Conclusions

The morphometric and molecular characterization confirmed that Peronospora sparsa Berkeley is
the agent associated with the downy mildew of roses in the municipality of Tenancingo, State of
Mexico, Mexico. The applications with potassium and silicon phosphite reduced the incidence and
severity of P. sparsa, so they should be considered as viable alternatives for the management of
the disease. The weekly application of potassium phosphite (Nutriphite magnum®) has positive
effects on stem length and diameter. The fungicide mefenoxam did not absolutely inhibit the
development of P. sparsa.
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