PHYTOPHTHORA ROOT ROT 
  

Phytophthora root rot (PRR) is considered  the most important and most widely distributed disease of avocados in the countries where avocados are produced. From a production point of view PRR is the single most important disease of avocado. In California alone it has been estimated to affect between 60–75% of the orchards and causes a loss in excess of $40 million annually (Coffey 1992).The causal fungus, Phytophthora cinnamomi Rands, was first isolated from cinnamon trees in Sumatra in 1922 and has since been reported from over 70 countries.  It has an extremely wide host range including 1000 varieties and species of plants.  Major hosts include avocado, pineapple, chestnut, eucalyptus, several species of pine, sycamore, peach, pear, many ornamentals (including azalea, camellia and rhododendron) and many indigenous Australian and South African plants. The first published report on PRR was from Puerto Rico in 1927. A PRR type of decline was reported in California during 1920-1930, but it was only in 1942 that P. cinnamomi was isolated from avocado (Zentmyer 1980, Zentmyer et al. 1998). 

Symptoms 

The first signs of the disease are manifested in the tree canopy.  The leaves are small, pale green, often wilted with brown tips, and drop readily. In contrast to Phytophthora canker, new growth is usually absent, and if it does develop, leaves are small and of poor color. Shoots die back from the tips and eventually the tree is reduced to a bare framework of dying branches. Tree death may take from a few months to several years, depending on soil, cultural and environmental conditions. . When declining trees flower  the trees may defoliate completely and may set a heavy crop of small fruit. 
The small feeder roots on diseased trees may be absent in the advanced stages of decline. When present, they are usually black, brittle and decayed in contrast to healthy trees, which have an abundance of creamy-white feeder roots.  Pencil sized roots or larger are seldom attacked by the fungus. (Faber and Ohr 1999, Manicom 2001, Pegg 1991,  Zentmyer 1980 and 1984). 

Causal Organism and Epidemiology 

P. cinnamomi forms several different spore stages that are involved in infection, disease development and survival of the fungus; these include sporangia, chlamydospores and oospores. Sporangia give rise to motile zoospores which are disseminated by flowing water on the surface of the soil or in films of water within the soil pores. The zoospores are attracted to the roots by root exudates describe the makeup, the zoospores encyst, germinate and infect the roots, invading them inter- and intracellularly.  Root lesions appear within 24 hr and mycelium can be found throughout the small absorbing roots within 72 hr. 
Chlamydospores are survival structures and are normally stimulated to form by dry soil conditions and can survive for several years under extremely dry conditions. The spores are formed within the roots and are released into the soil when the roots decay. Oospores are also survival structures produced under certain soil and environmental conditions, usually low temperature. Both chlamydospores and oospores give rise to sporangia under suitable soil moisture and temperature conditions. 
Soil moisture is the primary environmental factor influencing PRR development. High soil moisture stimulates the development of sporangia and improves conditions for zoospore release and movement to the infection site. Stress from excess or low moisture and excess salt can also injure roots causing them to exude root extracts which attract zoospores and incite infection. 
Symptoms usually do not appear unless an upset occurs in the balance between the water requirements of the leaves and capacity of the roots to absorb water. 
Where P. cinnamomi is not native to an area, the primary method of introduction of the pathogen into orchards is by infected nursery trees. Once in the orchard it can be spread by soil on shoes, tools, vehicles, picking boxes, ladders and storm water (Faber and Ohr 1999, Manicom 2001, Menge and Marais 2000a, Zentmyer et al. 1965, Pegg 1991, Zentmyer 1980 and 1984, Zentmyer et al. 1998a). 
I think the technical description without photos and diagrams is an exercise in futility and will never be used by growers. This is not a diatribe on the root rot fungus but a grower guide to PRR. I would reference the technical terminology and explanation but refrain from using it here.
Disease Management 

Since no definitive  measures have yet been found to control PRR, an integrated approach to managing the disease has been found to be most effective. This approach includes prevention, cultural practices and chemical treatment. These aspects are discussed  below: 

Site selection and soil preparation:
 Planting anavocado orchard is a long term investment and requires a high capital outlay in the initial stages.  Soil should be prepared well in advance of planting. Severe PRR is associated with soils that have poor internal drainage, are less than 3 feet deep, have hard pans, clay pans and high clay content.  These soils are conducive to  inoculum build-up and infection of roots, and should be avoided. Less hazardous soils with a clay-loam texture and depth of  3-5 feet should be deep ripped and provision made for drainage. On sloped land, the construction of interception and diversion drainage canals or provision of water tight drain pipes which drain rain water away from the orchard, will help prevent the introduction of P. cinnamomi into lower lying orchards.  In heavy clay soils trees can be planted on mounds or ridges (3 to 6 feet wide and 1 to 3 feet high) review height and width . This practice has been found to increase the survival rate of young trees by as much as 180% because of improved drainage. Ridges and mounds allow for better concentration of top soils which contain high percent of organic matter favored by avocado roots.   Soil solarization, which consists of heating the soil above 113°F. Clear polyethylene sheets that have been placed on the soil surface to trap the sun’s radiant energy, has been found to be effective in reducing Phytophthora inoculum following tree removal in infested soil in Israel (Erwin and Ribeiro 1996). Saline soils and soils with high salinity potential should also be avoided since, not only does salinity retard growth and reduce yields; it exacerbates avocado root rot (Borst 1970, Menge and Marais 2000a, Zentmyer and Ohr 1978). 

Soil amendments: The application of amendments such as organic mulches and  gypsum contribute to improving soil structure, thereby improving drainage, helping to remove salts from the soil and have the added benefit of increasing the soil’s suppressiveness to P. cinnamomi. The suppressive effect of calcium and organic matter was first discovered in Australia (Broadbent and Baker 1974). The avocado lives in a high leaf litter in its native environment and does best in soils with 8% or greater organic matter content. The beneficial effects of the organic mulch are thought to be due to the development of high populations of microorganisms in the soil which are antagonistic to P. cinnamomi. Mulches are porous and contain high levels of oxygen. Avocado roots do best in soils with oxygen content greater than 25%. Mulches should be placed in layers of 4 – 6 inches thick under the canopies of the trees (Menge and Marais 2000a,b ). A study of the effects of calcium on PRR was conducted in California soils by Messenger-Routh (1996) who concluded that calcium primarily acted as a weak fungicide by reducing the size and number of sporangia produced by P. cinnamomi.  Applications of 1500-3000 lbs/acre gypsum be made under the tree canopies. depending on the size of the trees, would be helpful in the prevention of the spread of PRR.  
Disease-free nursery trees: Historically, diseased nursery stock was the major source of spread of PRR into the avocado production areas of California. The commercial  nurseries have a  certification program which ensures that growers can purchase PRR  free trees. Clonal rootstocks, which are the product of many years of selection and breeding, have different levels of tolerance/ resistance to PRR, and although expensive to purchase they can provide a degree of insurance against devastation by PRR. 

Irrigation and irrigation water: Avocado is extremely sensitive to water-logging, owing to the high oxygen requirement of avocado roots. Under such conditions root growth ceases and the stage is set to large-scale destruction of feeder roots. The use of tensiometers or other tools to schedule irrigation is advised. Water from deep wells is unlikely to be contaminated with P. cinnamomi, while water from reservoirs and canals can be a source of infection and should  be treated with chlorine  to eliminate inoculum. 
When an infection locus revise is identified in an orchard,  the diseased trees and the trees at the margins of the diseased areas should be irrigated with caution avoiding over irrigation. Careful irrigation can retard the spread of the disease and often prolong the life of affected trees (Faber and Ohr 1999, Menge and Marais 2000a,b). 

Orchard sanitation: Excluding P.cinnamomi from a clean avocado orchard is the most economical method of controlling the disease. Movement of soil and water from diseased orchards into healthy ones should be avoided at all costs.  The fungus readily moves from orchard to orchard in moist soil on  tools, vehicles, bins, ladders, shoes, domestic and wild animals,etc. Barriers in the form of fences and warning signs should be placed between uninfected and infested orchards. Boxes containing copper sulfate should be placed at the property entrance and all foot traffic  should be required  to step into the container and dust their shoes  before entering the grove.  Shallow, chlorinated or copper sulfate-treated water baths may also be placed at the entrance to the property for  vehicles to drive through when entering the premises.  Shovels, soil augers and trowels should be dipped in 70% ethanol or rubbing alcohol before reuse.  Always use disinfected  equipment in healthy orchards after using it in a diseased orchard.  Severely affected trees should be removed and the soil fumigated with what? (Menge and Marais 2000b, Faber and Ohr 1999, Zentmyer and Ohr, 1978). 

Resistant rootstocks: A great deal of research has been conducted on detecting and developing resistant rootstocks, especially in California, South Africa and Israel. Rootstocks such as Duke 7, Thomas, Barr Duke, Toro Canyon, and Evstro, exhibit a greater degree of tolerance to PRR than traditional Topa Topa seedling rootstocks. Not all of these  rootstocks yield as well as the traditional PRR sensitive ones in non- infected groves., Trees on resistant rootstocks will survive under disease pressure when used in conjunction with the control measures mentioned above (Bijzet and Sippel 2001, Menge 2001, Menge et al. 1992, Menge and Marais 2000b). 

Crop rotation: Replanting infested soil to resistant field and fruit tree crops is one of the best ways of restoring diseased soil to a state in which it can be replanted to avocado. All varieties of citrus, many deciduous fruit tree crops, Macadamia, persimmon, berries and all type of vegetables, and most annual flower crops are not susceptible to PRR (Ohr et al 1994, Faber and Ohr 1999). Are we suggesting to growers to plant a replacement orchard, cut it down after so many years and then replant to avocado? I think we need to remove this statement altogether.
Chemical control: In the 1970s and 1980s systemic fungicides with specific activity against species of Phytophthora and related fungi revolutionized control of diseases such as PRR. The first of these compounds were metalaxyl (Ridomil®) and fosetyl Al (Aliette®) (Coffey 1987 and 1992, Erwin and Ribeiro 1996, Menge and Marais 2000b). 
The phosphonates, including fosetyl Al and its active breakdown product phosphorous acid and potassium phosphite, have been effective when applied as foliar sprays, trunk paints, trunk injection, or soil application.  The injection method, first developed in South Africa, has given good results in South Africa and Australia (Darvas et al. 1984). In South Africa and Australia salts of phosphonic (phosphorous) acid, particularly potassium phosphonate (potassium phosphite) have been registered for foliar and trunk injection. A similar product has been registered for use in Israel. Trunk injection is the preferred method of application, but foliar and soil applications are made under certain conditions. Trunk injection is the best way to rejuvenate trees severely affected by PRR. Fosetyl Al has been injected into severely affected trees and trees have completely recovered. In South Africa 1ml of a 50% neutralized (buffered) phosphonic acid (neutralized with potassium hydroxide) is injected per meter square (10 feet square) of tree drip area, this equates to 0.5 g (0.02 oz) active ingredient per meter square of tree drip area.  Injections are applied twice annually, once following the hardening off of the spring flush, which occurs after flowering and the second application following  the hardening off of the summer flush. These two applications coincide with peak root flushes (Menge and Marais 2000b). 
Metalaxyl (Ridomil®) has been applied as a granular, a drench or injected into the irrigation water and has been found to be effective in some cases.  Aliette® has been found to be more effective than metalaxyl in mature orchards in California (Coffey 1992). The most popular compound used to control PRR in avocado industries across the world is phosphonic acid. The current recommended treatment for light to moderately infected trees in South Africa, New Zealand and Australia, is a foliar application of 0.8-1% buffered phosphorous acid 2-4 times annually. 
Extensive field trials are now underway to test different chemicals and modes of application, for their efficacy in controlling PRR (Marais et al. 2001). 
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