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      One of the challenges in rose gardening is combating microbial diseases that plague roses season after season.  Fungal, bacterial and viral diseases decrease photosynthetic efficiency, bloom production, mutilate leaves and blooms, plant vigor and at times kill infected plants.   Roses are disease susceptible, pathogens are resilient, and hence eradicating diseases is almost impossible. However, one can minimize the damage caused by diseases using appropriate control measures.  

        There are a few options to prevent or control the spread of diseases.  A gardener has to weigh the pros and cons of using a control agent taking several factors such as easy application, cost, effectiveness, biohazard to humans, animal and the environment into consideration prior its use on rose bushes. 

         A correct diagnosis is the first step.  Once a pathogen enters the host by breaking down the host cell wall, it proliferates, establishes itself within the host, secretes toxic substances that adversely affect various physiological activities of the host, and finally reproduces sexually, asexually or vegetatively within the host.  Fungal pathogens produce spores of characteristic shape and color by which one can identify the pathogen. In addition, the infected plants show characteristic symptoms such as yellowing, black spots, (Diplocarpon rosae) discoloration, reddish or purplish patches on leaves (downy mildew by Perenospora sparsa) powdery masses of orange (rust) or white spores (powdery mildew by Sphaerotheca pannosa) dieback, root rot, etc.   Viral and bacterial infection also produces characteristic symptoms for easy diagnosis. (Because of lack of time, the focus in the lecture will be on the most common fungal diseases.) 

        A proper understanding of offensive mechanisms of fungal pathogens and defensive mechanisms of the host would help in the correct choice of a control agent.  A control agent should be able to weaken the offensive mechanisms of a pathogen or strengthen the defensive mechanisms of the host.  A control agent should make it impossible for a pathogen to recognize, or penetrate the host, establish or reproduce within the host.   Chemical controls, the commercial fungicides mostly target offensive mechanisms of fungal pathogens.          

        A fungicide may be a single site fungicide (Funginex, Bayleton, Rubigan, Tilt, etc.) or a multi-site fungicide (Mancozeb (Dithane-45), Zineb (Dithane Z-78), Manzate, Captan, Folpet, Daconil, Bravo, etc.

       Single site fungicides (SBI –Sterol synthesis inhibitor)) target one site or one of functions of a pathogen.  They mostly inhibit the synthesis of ergosterol (sterols are cell wall constituents), weaken fungal cell membrane, inhibit fungal growth but do not kill the fungal pathogen.   A pathogen may find alternate pathways to synthesize a different sterol.  Hence, SBI encourages fungicide resistance.   In the strict sense of the term fungicide, (a substance that kills fungi), single site fungicides are not really fungicides. 

        Multi-site fungicides target several functions or sites of a pathogen, as such it would be almost impossible for the pathogen to recover from the adverse effects of these to produce fungicide resistant mutants.  These fungicides are broad-spectrum fungicides and offer control against a number of different types of fungi.  

      Use multi-site and single site fungicides either alternatively or together for an effective disease control.  Since fungicides may cause skin irritation, breathing problems, allergic reactions, rashes or damage to cornea, always wear protective clothing, mask, and safety goggles. 

     One can use less toxic chemicals such as anti-transpirants, (CLOUD COVER, FOLICOTE, NU-FILM17, VAPOR Guard, AND BIOFILM) baking soda, horticultural oil or metasilicate. Anti-transpirants form a thin coating over the leaf surface as such fungal entry is not possible.  WILT-PRUF and VAPOR GARD form an uninterrupted coating; hence offer an effective barrier against pathogens. FOLICOT forms coatings with breaks, hence not as effective as wilt-pruf and vapor guard.   Anti-transpirants (AT) do not create AT- resistant fungal mutants.  A word of caution—at high temperatures VAPOR GARD is phytotoxic (burns the foliage)
      Baking soda (one teaspoon/gallon of water with a few drops of horticultural oil) offers a cheap but an effective control over black spot and rust when the fungal inoculum is low.  It is effective only under alkaline pH.  Baking soda kills conidiospores.

     Use soluble silicon (meta-silicate, potassium silicate), as foliar spray or apply soluble silicon on soil.  Silicon crystals make a leaf erect creating an effective barrier for a fungal entry. It also enhances bloom production.

     Disease resistant Rugosa roses have been shown to have high levels of sulfur containing compounds in them.  Apply lime sulfur powder to the soil or spray sulfur containing compounds over the foliage (for example Bordeaux mixture) early in the season. Sulfur creates an unfavorable environment for fungal growth. 

       I strongly favor the use of biological controls to keep diseases at bay.    For centuries, people of India have been using neem oil as an insecticide, a wormicide, a bactericide, a fungicide and a viricide.  During small pox epidemics, they tied a bunch of neem twigs and hung it from the front door knob.  Even now, villagers use neem twigs for brushing their teeth, apply neem paste over wounds, and also munch neem leaves to kill intestinal worms.  They place dried neem leaves in the huge containers in which they store grains.  Neem cakes are used as fertilizer.  When packed with cut flowers, fresh neem leaves appear to enhance the vase length of blooms.  Indians believe that the neem tree keeps the evil spirits away from their homes. Almost every house has a huge neem tree.  Flowers are very fragrant.  

      Neem oil extracted from the kernels has several potent biologically active components that have unique insecticidal and antimicrobial properties.  Neem oil does not kill beneficial insects.  In the USA, commercially available neem oil containing products are Green Light, and Rose Defense.  You may use these as foliar sprays.   
      Use of one microorganism against another microorganism (antagonism) is another option to minimize microbial diseases in a rose garden.    Pseudomonas fluorescens is a soil-borne bacterium that a rose gardener can use as a systemic biocontrol agent and a biofertilizer. The bacterium secretes several compounds that have antibacterial and antifungal properties.  When sprayed on the foliage, it secretes antibiotics that inhibit spore germination, pathogen growth and proliferation.  The bacterium secretes an enzyme capable of dissolving cell walls of several fungal pathogens.  Soil application of P. fluorescens controls pathogens that cause root rot as the bacteria form a shield over root surfaces to prevent pathogen penetration. Dusting the roots of roses with P. fluorescens will control root diseases of roses.  P. fluorescens enters the vascular system of the plant to offer systemic control.  Ecogen sells commercial preparations of pseudomonas as Frostban.

         Bacillus leptosporus, another soil borne bacterium is commercially available as ‘Rosa flora.'  Soil and foliar applications of Rosa Flora control black spot. Treating soil during dormant and growing seasons offer an excellent protection against black spot in a number of rose cultivars. A foliar application of Rosa Flora along with Wilt Pruf appears to be more effective.

      Ampelomyces quisqualis (AQ 10) is a hyperparasite of powdery mildew causing fungus.  It infects the hyphae of the fungal pathogen, forms its reproductive structures (pycnidia) within the pathogen hyphae, conidiophores, and fruiting bodies.   It reduces the growth of the fungal pathogen and kills it.   ECOGEN Corporation markets a formulated powder containing A. quisqualis under the trade name AQ 10. 

           Pseudozyma flocculosa (SPORODEX L) is a potential biological replacement for chemical fungicides. SPORODEX L is an end-use product containing the active ingredient of Pseudozyma flocculosa  strain PF-A22 UL.  SPORODEX L is a liquid proposed for use as a biological fungicide to control powdery mildew fungi (Sphaerotheca pannosa var. rosae and Sphaerotheca fuliginea) on roses and cucumbers. Apply SPORODEX L in an aqueous solution  (500 mL of product per 100 L of water).  Add a wetting agent to a final concentration of 0.02% to improve its efficacy.  Treat plants when environmental conditions favor the development of powdery mildew or at the first sign of the disease.  Drench roses once a week (150 gallons of spray mixture per acre) for effectively controlling the disease.

         Messenger, a product of green chemistry contains active ingredient, harpin  EA, which is identical to the bacterial protein harpin EA produced naturally by Erwinia amylovora.  It is registered as an insecticide.  It is now used as a biological control for pathogenic fungi on roses.  Harpins bind to the receptors on the plant cell walls and stimulates host's immune system.  It also enhances plant growth.  Its rapid degradation without leaving any residue makes it an ideal candidate in integrated pest and pathogen managements. It poses no threat to humans or the environment.

       Cultural controls, to a certain extent minimize the spread of diseases.  Have a manageable rose garden with a limited number of rose bushes that are not highly susceptible to diseases. Avoid overcrowding of bushes. Guard dangerous intersections by removing crossing canes.  Early in spring when too many buds break open, finger prune to avoid overcrowding. Use drip irrigation to prevent wetting leaf-surfaces that encourage spore germination.

       The best way to avoid diseases is to grow disease-resistant cultivars.  Unfortunately disease resistance in roses is a myth.  Not many gardeners seem to understand the difference between phenotypic resistance and genotypic resistance.  Rose newsletters including the American Rose magazine often publish a list of disease resistant roses.  Authors of most of these articles have no knowledge in plant genetics, plant pathology or microbiology. The results presented in these articles are based on pseudoscientific methods and misleading. 

      Disease resistance is a complex phenomenon where there is an interaction between pathogen genes and host genes. We need to focus on breeding roses for disease resistance using advanced techniques in genetic engineering.  European and Japanese scientists do most of the work using novel breeding methods such as cloning, protoplasmic fusion and somatic embryogenesis.   There are two approaches for creating disease-resistant roses. One approach is about strengthening the defense mechanisms of a cultivar by introducing disease resistance genes into a susceptible cultivar, and another is to increase antifungal proteins that would weaken the offensive mechanisms of the pathogenic fungi.  Identification of black spot resistance gene (Rdr), cloning Rdr, breeding disease resistant plants using protoplasmic fusion and somatic embryogenesis, identification of chitinase gene, etc are some of the results of their work. There is hope for a bright future in rose gardening.

      A gardener has to use control agents (biological or chemical) frequently to keep the diseases at bay.      Investing time, energy and money in controlling diseases in roses is not the right way of gardening.  Rose gardeners should stop buying roses until roses with disease resistant genes are available.  Contribute generously for rose research to have a rose garden free of diseases where one can really stop and smell the roses.

