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The purpose of this summary is to describe each of the diseases and pests that affect ginseng in the field and forest, discuss the methods of spread of the causal organisms, and use experience from the field and forest to describe the potential impacts of forest cultivation of ginseng on native populations. These pest descriptions are based on both knowledge of pest history and biology and extensive experience and observations in the field and in the woods. This experience is mainly from field and forest (woods-grown, wild-simulated and wild) ginseng in Ontario, forest ginseng in New York, and some experience/literature from field and forest ginseng in British Columbia, Quebec, Wisconsin and other US States. In all cases, higher plant density has directly corresponded with higher pest pressure regardless of location, site selection, or pest management strategies.  Minimal scientific research has been conducted on ginseng insect and disease pests in the forest to conclusively identify how these pests affect wild populations. 
Definitions
Field cultivation is ginseng planted in an open field under artificial shade (wooden lathe or cloth).

Woods-grown production is using the forest as a natural canopy, but using soil preparation, fertility and pest control measures. Woods-grown production is similar to field production (high density, high intensity), but with different shading material (natural vs. artificial).
Wild-simulated production is planting seeds in a natural setting at a low (natural) plant density with minimal disturbance of the forest floor. Wild-simulated patches are often indistinguishable from truly wild stands.
Wild ginseng is ginseng that occurs naturally in a forest setting and has never been planted by humans.
Field Production vs. Wild and Wild-Simulated
Pest management is the largest barrier to successful field cultivation of ginseng under artificial shade. Numerous diseases affect ginseng in the field including several root rots and leaf blights. If not managed through careful sanitation practices and a pest management program, these diseases can cause major losses. Losses from phytophthora root rot alone can approach 100% under wet conditions and improper disease management practices. 

The conditions that allow disease to develop and spread rapidly through a ginseng garden often do not occur in the woods. In general, disease is much more severe in the field environment because of the following:

1. Ginseng is planted at a very high density in the field. Often plant density can be higher than 100 plants/m2. Many root diseases have limited mobility in the soil, but under these densities are able to spread from root to root in a ginseng field until very large patches are diseased. In wild-simulated production, the final stand of ginseng would have fewer than 10 plants/m2.
2. Ginseng in the field is supplied with optimal fertility, soil moisture, pH, soil type and light intensity. This results in much larger plants than typically occur in the forest. A 4-yr old ginseng plant can reach up to 90 cm in height in the field, but a 10-yr old plant in the forest might only be 30 cm tall (but occasionally taller). Combined with a high plant density, this results in a dense canopy which reduces drying of the leaves and stems after dew or heavy rains. This creates a favourable environment for the development of foliar diseases.
3. Ginseng in the field requires intensive management for shade cloth erection and removal, hand-weeding, spraying, application of fertilizer etc. This results in numerous passes of machinery and field workers through a field. Spores of each of the major diseases that affect ginseng can be picked up on boots or clothing of field workers or on machinery and carried throughout the ginseng garden. This results in faster spread of disease through the field.

4. The environment under artificial shade is not ideal for ginseng. On a calm, sunny day, temperatures in the plant canopy are known to be 6oC warmer than the ambient air. Ginseng is not well adapted to these temperatures and the added stress under these conditions can lead to higher disease.

5. Ginseng in the field is a monoculture with limited biodiversity in the soil due to the intensive use of soil fumigants and fungicides. As a result, pathogenic fungi can quickly colonize the soil without competition. Ginseng in the forest is growing in an environment with numerous other plants and a soil that is full of many saprophytic and competing micro-organisms. This type of environment creates competition between soil organisms that restricts the growth of each of the fungi. However, ginseng grown both in the field and in the wild is genetically diverse, since no genetic improvements have been made to ginseng in the field. 
Diseases

Pythium, Fusarium, and Rhizoctonia
Pythium spp., Fusarium spp. and Rhizoctonia solani are major disease pests of ginseng in a field setting. These fungi (Fusarium spp. and R. solani) or fungus-like organisms (Pythium spp.), are present throughout the world, are native to Ontario, and are widespread throughout the province in both the field and the forest. They can also be seed-borne. These pathogens are the primary cause of damping-off disease, which causes young seedlings of many species to die due to infection of the young stem. The fungi, especially R. solani, can continue to spread on older plants and can lead to large patches of missing plants in the field. Control of the fungus in the seedling stage has reduced the damage considerably in older gardens. Their damage in the field is enhanced by a lack of competitors, since the fields are fumigated before production, which eliminates the natural enemies and beneficial organisms in the soil. They can also spread from plant to plant because of the close spacing. The thick canopy in a ginseng garden is conducive to the spread of these diseases because the soil and plant surfaces do not have a chance to dry out between wet periods. 
Of the three fungi, only Fusarium spp. have been confirmed to cause any damage to plants in the forest. This damage has been found on the lower stem and usually occurs later in the season when it does not threaten the survival of the plants. Rusty superficial lesions are also occasionally found on roots in the forest and these could potentially be caused by some species or strains of Fusarium. However, rusty lesions can also be caused by many other factors such as infection by Cylindrocarpon destructans (see the section on cylindrocarpon diseases below), or numerous abiotic factors such as cold temperature injury or imbalanced fertility.

Fusarium spp., Pythium spp. and R. solani have been more of a problem in woods-grown production where plants are closely spaced in beds compared to wild or wild-simulated plants. It is likely that ginseng plants in the woods throughout Ontario are already affected by these fungi, especially in the seedling stage but go unnoticed. These fungi may be primarily responsible for reducing seedling survival rates in wild settings and preventing a stand from becoming too dense. Of the three fungi, only spores of Fusarium spp. are usually spread by wind. Fusarium spores represent a large percentage of the airborne spores present in Ontario and are consequently, very common in all environments. Planting ginseng close to wild populations is unlikely to increase the levels of these three fungi. 

Rhizoctonia is a major disease in the field if not managed with fungicides. This fungus is present in a forest environment, but has never been found on wild-simulated or wild ginseng roots. This is likely due to competition from other soil organisms that are present in the forest leaf litter. 
Phytophthora Root Rot and Leaf Blight
Phytophthora root rot and blight is caused by the oomycete Phytophthora cactorum.  The oomycetes, or water moulds, are fungus-like organisms that are usually soil-borne. This fungus-like organism can attack a number of fruit and vegetable crops as well as many native tree species and is native to Ontario. It is a relative of the pathogen that causes late blight in potato. Phytophthora cactorum can infect both the roots and the foliage of ginseng. The root rot phase of the disease is a leading cause of economic loss in the field. The foliar phase of the disease can spread geographically very rapidly and can result in increased soil infestations.

Phytophthora cactorum can be present in the soil in the form of mycelium (fungal threads) or oospores (the resting spores of P. cactorum). In addition to oospores, the oomycete produces another reproductive organ called a sporangium. The sporangium is a sac that can arise from mycelium or oospores. It contains many small swimming spores called zoospores, and when released, each zoospore is an infective unit. In order to infect the plant, free water must be present. In the soil, sporangia will form on the surface of infected roots. Foliar blight develops when soil containing P. cactorum spores is splashed onto the leaves. This mainly occurs when there is no protective straw mulch and the soil is exposed to rain and irrigation water. Once leaves are infected, sporangia will form on the surface of the leaves and can travel many kilometres on air currents. This gives the fungus great reproductive and infective power. Phytophthora root rot and leaf blight of ginseng is explosive in a wet garden. Once present in a garden, it becomes a constant threat. If environmental conditions favour the fungus, severe losses can occur rapidly.

Phytophthora cactorum is a water-loving microrganism. Disease is most prevalent where soil moisture is above 60% field capacity or where there is water pooling in the garden. Areas of phytophthora infection can often be found surrounding a leaky irrigation sprinkler. Because the fungus can be active at temperatures as low as 6oC, roots are vulnerable early in the spring and throughout the growing season. 

The ability of phytophthora root rot and leaf blight to spread rapidly through a ginseng garden is due to the close proximity of the neighbouring ginseng plants. Consequently, wider spacing can reduce the damage caused by this disease. Wild populations and wild-simulated production is often at a much wider spacing than in a ginseng garden. As a result, phytophthora root rot has not been found in wild or wild-simulated stands. Despite the potential for spores to travel large distances and infect the leaves of nearby plants, foliar Phytophthora has not been noted in wild or wild-simulated populations, even if they are in close proximity to densely planted beds in the woods. Since P. cactorum can infect many native tree species such as maple and birch, the fungus may already be widespread in the forest. We are not aware of any surveys that have been conducted to determine the level of P. cactorum in the forest. However, P. cactorum, combined with Pythium spp. (another water-loving oomycete), may be a limiting factor to the growth of ginseng in wet soil. Given the potential for P. cactorum to be already present in the forest on native tree species, it is possible that isolated plants could die from this disease even in the wild and are not noticed due to the rapid death of plants. Since P. cactorum spores can travel great distances on the wind, root and foliar symptoms have never been noted in the forest, the pathogen can attack many native tree species, and spores are not known to be seed-borne, it is unlikely that planting ginseng in the woods will increase the threat to wild populations. 
Alternaria Leaf and Stem Blight of Ginseng

Alternaria diseases of ginseng are caused by the fungus Alternaria panax. There are many Alternaria species infecting many horticultural crops. Some species, such as A. alternata, have a very broad host range, but species such as A. panax attack a narrow range of host plants. Spores of Alternaria species are ubiquitous in the environment. They move about on air currents. Alternaria panax can be found throughout the ginseng-producing areas of the world and the fungus is native to Ontario. 

The fungus requires a definite period of humidity to cause infection. The length of the humid period varies with temperature. In ginseng gardens, once the plant canopy opens, the stems are sheltered by the leaves and a humid microclimate results, even in relatively dry weather. The canopy in a forest environment is much sparser and plants are separated from each other. This would reduce the humidity necessary for infection. The first signs of stem infection are light or tan-coloured areas on the stem above the mulch. These areas soon become dry and brittle. As infection proceeds, they become covered with a “sooty” layer of dark spores. A sooty residue will remain on a finger that has been rubbed along the dark portion of the lesion. 

Foliar symptoms of alternaria leaf blight are usually distinctive. Typical lesions consist of a dry, tan central area surrounded by concentric dark and light areas and ultimately surrounded by a chlorotic “halo”. The dark areas are where the spores are formed. Lesions are circular or roughly angled in a circle. Severe infections on the peduncles, especially at the leaf axil, can cause defoliation. The peduncles are the short “stems” that hold the leaves and flower head. Unchecked, alternaria leaf and stem blight can defoliate an entire garden in less than a week if weather conditions are conducive to disease. 

Because the disease requires humidity to become established, a lush plant canopy promotes the development and spread of stem and foliar lesions. Gardens located in areas of “dead air” next to woodlots are more likely to develop hot spots. Later in the season, spores are blown into gardens from other infected gardens and from any nearby host plants.

Alternaria leaf and stem blight is reported on ginseng in the woods. However, severe occurrence is mostly associated with dense ginseng populations in woods-grown ginseng gardens. These gardens are established much like in the field, but with natural shade rather than artificial shade. The introduction of spores to a wild population is inevitable because A. panax spores can be spread very long distances on air currents. Wild sarsaparilla, which is widespread throughout forests in Ontario, is also a confirmed host of A. panax, and spores have also been found on Solomon’s seal. As a result, when conditions are favourable, A. panax is widespread throughout the forest. Spore dispersal distance for A. panax is unknown, but similar spores have been known to travel thousands of kilometres on upper air currents. Despite this, most A. panax infections are minor in the wild, but occasional severe disease occurs under optimal conditions, especially if other infected hosts are nearby. However, even severe A. panax infections will not threaten the survival of a plant unless high disease pressure occurs for several years in a row. Alternaria leaf and stem blight does not usually threaten the survival of the plants because it mainly occurs after the tops are fully grown. By this time the ginseng plants have replaced the weight lost during sprouting and have produced a bud that will emerge the following year. Experience has shown that even densely planted woods-grown ginseng beds with severe alternaria disease pressure will become a healthy ginseng patch if weaker plants are allowed to die and the patch becomes less crowded. Due to the widespread presence of susceptible wild sarsaparilla plants in ginseng growing areas, it is unlikely that ginseng cultivation in the woods would have any impact on the levels of alternaria disease in wild populations. 
Botrytis Blight of Ginseng
Botrytis blight of ginseng is caused by the fungus Botrytis cinerea. This fungus is a pathogen of many fruit and vegetable crops and causes the “grey mould” rot that is common to grapes, strawberries, greenhouse floral crops and many vegetables. The fungus is native to Ontario and is ubiquitous in the environment. Botrytis cinerea is most active between 18°C and 23°C and can infect all parts of the plant from flowers, leaves, stems and roots, but is most common on damaged stems and leaves. In ginseng, botrytis blight is only a problem on damaged plants in a dense canopy. It has not been found to be a problem in the woods, but occasionally lesions develop on damaged or senescing plants. These lesions do not usually affect the survival of the plant. Botrytis blight pressure would not be increased by planting ginseng in close proximity to wild populations.
Cylindrocarpon Diseases of Ginseng
Cylindrocarpon destructans is a soil-borne fungus closely related to Fusarium. It is found worldwide in ginseng-growing areas and is entirely soil-borne. This fungus is native to Ontario. Cylindrocarpon destructans causes a variety of symptoms on ginseng in the field. It can cause seedling disease much like Fusarium, Pythium or Rhizoctonia. Cylindrocarpon diseases and phytophthora root rot are the most devastating diseases of ginseng in the field. The most common symptoms of cylindrocarpon diseases occur on older roots. Weak strains of C. destructans can cause a mostly superficial rust-coloured area on root surfaces. The main problem with these symptoms is a reduction in marketability. Further growth of the plant is usually not affected by these superficial symptoms. Aggressive strains of C. destructans, which have been designated C. destructans f.sp. panacis (f.sp. = forma specialis or “special form”), are the most economically damaging. Ginseng roots attacked by C. destructans f.sp. panacis can rot very rapidly. This disease is often referred to as “disappearing root rot” due to the speed of its development. Once a root is infected by C. destructans it can move from root to root through a densely planted ginseng garden. 


Cylindrocarpon destructans produces numerous spores on infected roots. The fungus spreads primarily through movement of soil containing spores on farm machinery or field workers, or by wind or water erosion to gardens down wind or down stream. It is suspected that decaying wood, such as in former fence rows or cleared forest, is the initial source of C. destructans in the field. Cylindrocarpon destructans has been isolated from many forest tree species and in decomposing leaf litter, but few studies have been conducted to confirm its presence under ginseng plants in the forest. There has been no research to determine if the aggressive C. destructans f.sp. panacis is present in all forest environments. Cylindrocarpon destructans is also suspected of being seed-borne, usually when seeds in buried seed boxes become infected with the pathogen. Ginseng seed must go through an 18-22 month cold-warm-cold stratification period before it will germinate. The traditional method of stratifying seeds was to bury them, mixed with sand, in a box. While they are in the box, seeds can be infected by soil-borne pathogens as surface water containing spores seeps into the box. Most growers have switched to controlled-environment stratification, which has greatly reduced the potential for C. destructans infection of the seed. 
Despite the presence of C. destructans on decaying wood, the severity of the disease in a field setting, and the potential for the fungus to be seed-borne, Cylindrocarpon diseases are only occasionally a problem in wild-simulated or wild ginseng patches. Cylindrocarpon diseases have been found in wet areas in forest sites that are not ideally suited to ginseng growth. The only confirmed “disappearing root rot” symptoms in a wild or wild-simulated population in Ontario or New York occurred in a wild patch in southern Ontario not within 10 kilometres of any other known ginseng plants. This suggests that the site naturally had C. destructans f.sp. panacis present. Cylindrocarpon disease in this patch was found in a wetter area of the site near a small runoff trench. Cylindrocarpon disease may also be one of the primary diseases responsible for thinning out wild populations naturally, by killing plants or clusters of plants that are too close together or are in unsuitable sites. It is more common to find roots that develop superficial rusty lesions in the woods, but this does not impact the survival of the plants. Rusty lesions on roots can also be caused by numerous other factors such as infection by Fusarium spp., cold temperature injury, or imbalanced fertility. Due to the possibility of the disease being seed-borne and the possibility that C. destructans f.sp. panacis may not be present in all forest environments, some spread of this disease to wild populations may occur if animals or people travel through infected beds and then through a wild population. The risk of this occurring can be minimized by ensuring growers obtain seeds that are free of disease (from a field without disease) or are treated with fungicides. The presence of C. destructans on the seed can be easily identified by looking for the presence of sporodochia or raised spots that develop on the seed, and decayed areas in the seed when it is cut open. Limiting movement of people between wild and wild-simulated sites would also help to reduce the risk of disease spread.
Nematodes
Root-lesion and root-knot nematodes may affect ginseng. Nematodes are microscopic worm-like microorganisms that live in the soil and can attack roots of many crops. The root-lesion nematode is common in Ontario and has a wide host range. It is frequently found in ginseng-growing areas. The root-knot nematode has also been found in association with ginseng roots. This nematode causes galls to form on the roots, making them unmarketable.

Damage due to nematodes does not often kill the entire root, but can affect the marketability of the crop. Consequently, infection with nematodes is unlikely to threaten the survival of a ginseng stand. These species of nematode are common in many agricultural areas due to repeated growth of susceptible crops. There is no evidence to suggest that nematodes can spread on the seed. Their movement from one field to another and between different sites is most often caused by movement of soil on boots or machinery. They can also spread on soil by wind and water erosion. These mechanisms of spread are unlikely to occur in a forest environment. Nematode damage on ginseng has not been reported in a woods setting. 

Insects

Several insect species can attack ginseng roots and leaves including cutworms, the four-lined plant bug, leafrollers, aphids, and European chafer grubs. Of these pests, only the European chafer causes complete plant death under normal circumstances and this is the only non-native pest of ginseng. European chafer grubs are present in ginseng gardens due to the rye cover crop used during the first winter. The grubs live on the rye cover crop and attack ginseng once the rye is killed off in the spring. European chafer grubs are unlikely to be present in a forest ginseng stand due to the lack of a grass cover, and damage has not been reported from any woods planting. The remaining insects are common throughout Ontario. These may be present in a forest setting but would not cause more than superficial damage even in a dense stand. Higher damage is occasionally reported on ginseng in unsuitable planting sites. Some insect feeding damage is common late in the season when the plants are already senescing. 
Other Pests
The most common pests of ginseng in a forest setting are deer, slugs and mice. Deer browse on the tops throughout the summer. Slugs are common in both the field and the forest and feed on the stem and leaves. Most damage from both slugs and deer will not kill the entire plant because the root will have produced a new bud by the time the tops are damaged. Continued feeding by deer could weaken and eventually kill ginseng plants. Mice can feed on the roots at any time of year and can kill the entire plant. All of these pests are native to the forest, and pressure is unlikely to be increased through forest cultivation of ginseng. 

Summary
Ginseng is affected by numerous airborne and soil-borne pathogens and insects. All of these insect and disease pests are native to Ontario except for the European chafer which is not a problem in the woods. Diseases are the primary cause of economic loss in a field or woods-grown operation, and this is entirely due to very high plant spacing and unnatural environments. Sporadic occurrences of these diseases are reported from wild-simulated and wild stands, but have not been found to cause more than superficial damage unless the plants are located in an unsuitable environment. Many of these diseases, along with deer and mice, may be responsible for keeping wild stands from becoming too dense. Experience has shown that Cylindrocarpon damage is minimal in a woods setting. However, due to the limited research on this disease in the woods, it is unknown if aggressive strains of Cylindrocarpon that cause severe disease in the field are present in every forest environment. The risk of spread from cultivated to wild populations is minimal and can be further reduced by ensuring that anyone planting ginseng near a wild population uses seed obtained from disease free gardens, stratified above ground, and confirmed for lack of disease by inspecting the seed. 
