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SOIL-BORNE DISEASES  

 
• A major limitation to crop production  
 
• Fungal plasmodiophorid and oomycete pathogens 

, bacterial pathogens, viruses and plant parasitic 
nematodes may cause soil-borne diseases   



SOIL-BORNE FUNGAL PATHOGENS  

• Fusarium 
• Rhizoctonia 
• Verticillium  
• Sclerotinia  Fusarium wilt of melon (Fusarium oxysporum)  

Rhizoctonia root and hypocotyl rot of 
radishes (Rhizoctonia solani)  

White mold (Sclerotinia sclerotiorum)  



PHYTOMYXEA 
(PLASMODIOPHORIDS) PATHOGENS  

• Plasmodiophora 
• Spongospora  

Clubroot of radish (Plasmodiophora 
brassicae)  

Spongospora subterranea) 
Photo source: Magnus Gammelgaard 



OOMYCETE PATHOGENS 

• Phytophthora 
• Pythium  
 

Phytophthora blight and fruit rot of pepper 
(Phytophthora capsici)  

Phytophthora blight of winter squash 
(Phytophthora capsici)  

Pepper damping-off (Pythium spp.)  



SOIL-BORNE BACTERIAL PATHOGENS  

• Ralstonia 
• Pectobacterium 
• Agrobacterium 
• Streptomyces  

Tomato bacterial wilt (Ralstonia solanacearum)  



SOIL-BORNE VIRUSES  

• Affect vegetables are few in number and generally 
survive only in the living tissues of the host plant or in 
the nematode or fungal vectors that transmit them. 
 

• An exception is the Tombusvirus group, in which the 
viruses can survive in the soil without being inside a 
host plant or vector.  



PLANT PARASITIC NEMATODES 

• Root knot 
• Cyst nematodes  

Galls caused by root knot nematode 
Photo Source: Linsdey du Toit, Washington 
State University 



FACTORS AFFECTING THE ACTIVITY OF 
SOIL-BORNE PATHOGENS 

• Soil type 
• Texture 
•  pH 
•  Moisture 
•  Temperature 
•  Nutrient levels and  
•  Ecology 



THE EXPERT MODEL FOR DISEASE 
MANAGEMENT STRATEGIES 

The mental models method has five phases; 
• A review of the relevant scientific literature and interviews with experts are 

conducted to develop a summary of expert knowledge,   
• Semi structured interviews are conducted with the target audience to elicit 

their mental model, 
• A structured survey instrument is administered to more rigorously quantify the 

baseline prevalence of different gaps in public understanding,  
• A communication protocol is drafted to address knowledge gaps that occur 

frequently and that influence important decisions by the public and,  
• Message dissemination.  

The research findings reported here are the first of five phases that are 
collectively intended to improve the effectiveness of on-farm decision making 
related to soil-borne disease management in organic vegetable production.  

 



THE EXPERT MODEL FOR DISEASE 
MANAGEMENT STRATEGIES 

• The expert model was developed with the input of ten university scientists and 
extension specialists knowledgeable in organic farming practices and plant 
disease management 

• 1 to 2–h Audio Tele-Conference with the principal researcher to discuss key 
factors an organic vegetable grower should consider when making decisions 
about soil borne disease management. 

• Key concepts were identified and incorporated into the model by consensus 
of the research team.  

• The revised model was then returned to the participants for review and 
comments.  

• Following a period of review, 1 to 2–h face to face meeting was held, in which 
the original participants in to provide comments and feedback, as well as final 
approval of the model. 

• Expert model was then mapped into major and subcontent areas. 



THE EXPERT MODEL FOR DISEASE 
MANAGEMENT STRATEGIES 



THE EXPERT MODEL FOR DISEASE 
MANAGEMENT STRATEGIES 

This expert model was used as the analytical framework for subsequent 
companion surveys of organic vegetable growers to describe and 
visualize how organic vegetable grower concepts map onto the 
framework to identify specific opportunities for future research, 
education, and extension efforts. 



DIAGNOSIS  

• Characteristic symptoms 
• Typical above-ground symptoms;  

•  wilting  
• chlorosis (yellowing) and  
• stunting 

• Root symptoms;  
• swellings (galls, knots, clubs),  
• lesions,  
• rotting of root tips and fine lateral roots,  
• loss of root cortical tissue (“rat tails”)   
 

Experienced pathologist or plant diagnostic clinic  



DISEASE HISTORY 

 
 

• Written records of disease outbreaks should be kept 
for each field because soil-borne pathogens persist 
in soil for long periods of time.  



ASSESSMENTS OF DISEASE 
INCIDENCE AND SEVERITY  

• Crops should be monitored regularly by walking in a 
zigzag pattern across the field to maximize the 
chance of finding problems.   
 

• Crop health assessments should include disease 
incidence, disease severity, and crop loss estimates, 
all key factors when considering control strategies. 
 



SEED SELECTION AND STORAGE 

• Planting pathogen-free and high quality vegetable seed is a 
critical first step in managing diseases.  
• Particularly important for vegetatively propagated material 

such as tubers, bulbs and slips, but true seed can also 
contain pathogens and both can serve as the source of 
entry of pathogens into new areas.  

• Rhizoctonia (stem canker/black scurf) and Fusarium (dry 
rot), and secondary bacterial soft rot in cut potato seed  

• There are some seed treatments, such as priming, pelletizing, 
and the use of National Organic Program (NOP)-compliant 
protectants that can be used by organic growers to improve 
seed performance.  



VARIETY SELECTION AND GRAFTING 

• Using resistant or tolerant varieties to specific diseases  
 

• Grafting of solanaceous (tomato, eggplant, pepper) 
and cucurbit (melon, cucumber, watermelon) scions 
onto compatible disease-resistant rootstocks has 
become a means to raise popular varieties susceptible 
to certain diseases in fields infested with those 
pathogens.  
• Grafting can be used to manage soil-borne diseases such 

as bacterial wilt and root knot nematode of solanaceous 
vegetables and Fusarium wilt of cucurbits  



ORGANIC MATTER AMENDMENTS  

• The addition of organic matter such as cover crop-green 
manure (single and mixed species), seed meals, dried plant 
material, good quality compost, organic waste and peats can 
aid in reducing diseases caused by soil-borne pathogens.  
 

• Organic matter amendments can be very effective in 
controlling diseases caused by pathogens such as Fusarium 
spp., Pythium spp, Rhizoctonia solani and Sclerotinia spp.  
 

• Organic matter improves soil structure and its ability to hold 
water and nutrients; it also supports microorganisms that 
contribute to biological control.  
 



ORGANIC MATTER AMENDMENTS  

• Our study has shown that mixed-hay cropping during the 
transition periods can enhance soil suppressiveness to 
damping-off caused by Pythium and Phytophthora. 
 

• In addition, although compost amendments applied 
during transition can improve crop vigor by significantly 
enhancing soil fertility, their effects on soil-borne diseases 
are not predictable when transitioning to certified 
organic production  



 
 

• Organic matter amendments have great potential. 
However, they sometimes can cause; 
• Inconsistent control  
• Increased disease severity and  
• Phytotoxicity  

ORGANIC MATTER AMENDMENTS  



• Correct management of crop residues and wastes is 
necessary to avoid phytotoxic effects.  
• This can be achieved by optimizing application rates and 

the timing between organic matter applications and 
planting the vegetable crop. 

•  In the early stages of decomposition, and especially when 
the available oxygen is low as in saturated soil, crop 
planting should be avoided, or at least delayed to avoid 
phytotoxicity and/or diseases caused by Pythium and 
related pathogens.  

• Although cover crops contribute many benefits to agricultural 
system, they may play a significant role to increase soil-borne 
diseases.  
 

ORGANIC MATTER AMENDMENTS  



• Grower management of brassica cover crop 
residues could greatly affect biofumigation 
effectiveness. 
 

• For maximum effect, residues need to be 
completely shredded and immediately 
incorporated into moist soil. 
 

ORGANIC MATTER AMENDMENTS  



PROPAGATION, NURSERY, AND CROP 
ESTABLISHMENT  

Transplant production 
• Sterilized soilless growing medium 
• Overwatering and temperature extremes should always 

be avoided during transplant production 
Good soil drainage through proper soil preparation 
Shallow planting  
Raised beds 
Optimum plant spacing 
Organic mulches   



PROPAGATION, NURSERY, AND CROP 
ESTABLISHMENT  

Irrigation management;  
• The irrigation method,  
• Timing,  
• Frequency and  
• Amount      
The selection and application of fertilizers can 
significantly influence disease development  

 



SANITATION 

• It is important to remove or destroy as much of the 
old plant debris  

 
• For example, when lettuce drop or white mold is observed 

in a production field, the diseased plants and soil 
immediately surrounding them should be removed, to 
reduce the number of sclerotia (long-term survival structures 
of the pathogen) in the soil.  

 
• Tillage procedures should also reduce plant 

residues left from previous crops 



SANITATION 

• Weeds should be eliminated as they may harbor 
pathogens or serve as hosts; they also increase the 
relative humidity around the crop plants, favoring 
disease development.  
 



SANITATION 

• Equipment should be cleaned by power washing 
between fields.  
 

• For crops such as tomatoes that are handled often 
for procedures such as training, pruning and 
harvesting, hands and tools should be cleaned 
regularly.  



SANITATION 

• Sanitation measures are especially important in 
greenhouse crop production systems. Greenhouse 
vegetable crops are to a large extent produced in 
‘soilless’ cultures.  

 
• Soilless cultures were initially used as a method to 

eliminate soil-borne pathogens. However, vegetable 
crops in soilless cultures are also affected by the same 
soil-borne pathogens (Pythium, Phytophthora, Fusarium 
and Rhizoctonia) as crops in soil.  



SANITATION 

• The growing medium can be replaced or sterilized after 
usage.  

• The source water, recycled nutrient solution and run-off 
(drain) from a bag culture in a recirculating system can 
be treated. 

• There are many different methods available: 
• Heat pasteurization, 
• UV radiation, 
• Chlorine treatment, 
•  Slow sand filtration,  
• Ultrafiltration,  
• Micropore filtration and 
• Biofiltration.  
 



SANITATION 

• Work surfaces, tools, gloves, boots, hoses, walkways, 
carts, tractor tires, plows, tanks and water supply 
lines in greenhouses, shade houses, storage rooms 
and field operations need to be cleaned and 
disinfested with a disinfectant (such as chlorine 
materials and hydrogen peroxide) or steam.  
 

• Surface disinfectants are allowed with restrictions. 
For more information on surface disinfectants see 
the National Organic Program (NOP) standards.  



SANITATION 

• Infected plants need to be removed and infected 
plant materials, including grow bags, must be safely 
disposed by deep burying or incinerating. 
 



SOIL SOLARIZATION 

• Soil solarization is a pre-plant and hydrothermal procedure 
that uses transparent film to capture solar radiation in the soil.  
 

• The plastic sheets allow the sun's radiant energy to be trapped 
in the soil, heating the upper levels. 
 

• Solarization has gained popularity among greenhouse-high 
tunnel vegetable growers.  
 

• Application of soil solarization for open field soil disinfestation 
has been limited to small areas in geographic regions with a 
period of high temperature and abundant sunshine.  



SOIL SOLARIZATION 

• Solarization during the hot summer months can increase soil 
temperature to levels that kill many important soilborne fungal 
and bacterial plant pathogens, including Verticillium dahlia, 
certain Fusarium spp., Sclerotinia spp., Agrobacterium 
tumefaciens, Streptomyces scabies, nematodes, and weeds.  

 
 
• The major limitations for adoption of soil solarization in practice 

are the relatively long duration of the process and the climatic 
dependency. 
 



ANAEROBIC SOIL DISINFESTATION  

• Anaerobic soil disinfestation works by creating anaerobic soil 
conditions by incorporating easily decomposable organic 
materials (for example wheat bran, molasses, rice straw, rice 
bran) into soil that is irrigated and subsequently covered with 
plastic film.  

 
• The advantage of anaerobic soil disinfestation over soil 

solarization is that the method does not require high solar 
radiation so it can be applied to cloudy areas or periods of 
low sunlight, thus a growing season is not lost.  
 



ANAEROBIC SOIL DISINFESTATION  

 
 

• Anaerobic soil disinfestation using wheat bran or 
molasses proved to be effective against a wide range of 
soil-borne pathogens, including Fusarium oxysporum f. 
sp. lycopersici, Verticillium dahliae and Ralstonia 
solanacearum, as well as the nematodes Meloidogyne 
incognita and Pratylenchus spp.. 



CROP ROTATION  

• Crop rotation is the foundation of disease management for 
many pathosystems and a very important tool in organic 
agriculture.  

• Alternation with hosts that do not support growth and 
reproduction of the pathogen reduces the amount of soil-
borne inoculum.  

• A good rotation arrangement is to treat members of the same 
plant family as a group and rotate based on groups rather 
than individual crops.  
• For example, lettuce should be rotated with cucurbit, 

tomato, or cole crops but not other types of lettuce, chicory 
or endive.  



CROP ROTATION  

• It is important to note that one difficulty in using crop 
rotation to control some diseases is the limited 
availability of crops for rotation.  

• Green manure or cover crops can be part of the crop 
rotation. When selecting cover crops on the basis of 
disease suppression, caution should be taken because 
the effects can be cultivar specific. 
• Broccoli (Brassica oleracea), used as a green manure, has 

been shown to reduce the number of S. minor sclerotia in 
soil.   



INTERCROPPING  

• The cultivation of a mixture of two (or more) crops 
together in the same area.  
 

• There are various types of intercropping (row 
intercropping, strip intercropping, mixed intercropping, 
relay intercropping), each of which may affect soil-
borne pathogens differently. 
 

• Intercropping systems can be characterized according 
to the degree to which roots of different crop species 
interact, which is determined not only by the 
intercropping system but also by the root architecture of 
each of the crops in the mixture.  



INTERCROPPING  

• Disease-suppressive mechanisms such as host 
dilution, allelopathy and enhanced antagonistic 
populations play crucial roles for soil-borne disease 
reduction in intercropping systems.  
 

• Intercropping of compatible plants also encourages 
biodiversity, by providing a habitat for beneficial 
insects and soil microorganisms. 
 



MATERIALS 

 
 

• When preventive and cultural methods for soil-
borne disease control are insufficient to manage a 
disease, National Organic Program (NOP) 
compliant inputs can be applied. 
 



MATERIALS 

Before applying ANY disease or pest management 
product, be sure to  
1) read the label to be sure that the product is 
allowed for the crop and the disease you intend to 
control, 
 2) read and understand the safety precautions and 
application restrictions, and  
3) make sure that the brand name product is listed in 
your Organic System Plan and approved by your 
certifier.  



MATERIALS 

 
• Applications of copper products may provide some 

protection against the foliar phase of Phytophthora 
blight, a soil-borne disease. However, over-
application can lead to copper accumulation in 
the soil, contamination of run-off water, and toxicity 
to non-target organisms.  



MATERIALS 

• Biorational products represent an important option for the 
management of plant diseases.  

• Streptomyces griseoviridis, commercially well known as 
Mycostop and species of Trichoderma  are among the 
microorganisms most commonly used for biocontrol in soil. 
Both agents are used for the control of root diseases caused 
by Pythium, Phytophthora, Rhizoctonia and Fusarium.  

• The strain T-22 of Trichoderma harzianum is effectively used for 
seed treatment.  

• Kodiak (Bacillus subtilis GB03) and Actinovate (Streptomyces 
lydicus) are also used for seed treatment.  

• Contans® (Coniothyrium minitans) has been effective in 
reducing the incidence of lettuce drop by as much as 50%. It 
is also effective for white mold.  



MATERIALS 

• Biochemical biopesticides (for example extract of 
Chenopodium and thyme oil) can be used for soil-
borne disease management.  

 
• Microbial inoculants to promote plant growth and 

enhance resistance have been developed and 
field-tested for soil-borne disease management.  



MATERIALS 

• A list of biorationals and up-to-date information 
regarding OMRI approval is available at the 
following database  

   http://attra.ncat.org/attra-pub/biorationals/  



ORGANIC VEGETABLE GROWERS’ 
PERSPECTIVE REGARDING SOIL-BORNE 

DISEASE MANAGEMENT 

Survey design and participant recruitment 

• An 11-page booklet questionnaire  
• The survey consisted of four sections:  

• Organic farming activities, 
• Organic grower perspective, 
• Response and communication and 
• Organic grower information. 

 



SURVEY DESIGN AND PARTICIPANT 
RECRUITMENT 

• Participants were selected from the organic vegetable farmer list 
prepared by; 
• OEFFA (The Ohio Ecological Food & Farm Association),  
• PCO (Pennsylvania Certified Organic), 
• MOFFA (Michigan Organic Food & Farm Alliance),  
• NOFA-NY (Northeast Organic Farming Association- New york), 
• ICO (Indiana Certified Organic),  
• MOCP (Maryland Organic Certification Program),  
• Kentucky Organic Certification Program and 
• USDA (United States Department of Agriculture).  

 



RESULTS 

• Of 370 questionnaires sent to organic vegetable growers. In 
total, descriptive data from 93 (N=93) growers were analyzed.  
The final response rate was 27% (Table 1).  

 Table 1. Mail survey response rate 



RESULTS 

• The majority of participants produced certified 
organic vegetables in 2010-2011 (70.9%).   
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               How would you describe your farm? 



RESULTS 

• All of the participants grew vegetables 
in open field production systems. Just 
over half of the participants also used 
open field and high tunnel production 
systems (52.7%) and approximately one-
third produced vegetables in open 
fields and greenhouses (32.8%).  

 
• More than half of the participants 

(51.6%) produced more than 10 
different types of organic vegetables.  
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RESULTS 
 

• Participants listed tomato as top ranked vegetable in terms of 
total number of acres (41.1%) and income (47.1%).   
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RESULTS 

• The majority of participants strongly (40.8%) or somewhat 
(35.5%) agreed that disease management was challenge or 
obstacle they faced in managing their organic farm.   
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To what extent do you agree or disagree that the following 
factors are challenges or obstacles you face in managing your 

organic farm? 

Strongly agree 

Somewhat agree 

Neither agree nor disagree 

Somewhat disagree 

Disagree 



RESULTS 

• The majority of the growers (86.9%) surveyed indicated that 
foliar disease problem they generally faced and 68.5 % 
indicated that soil-borne disease problem they faced.  
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RESULTS 

• Just over half (57.3%) listed tomato as the vegetable 
crop with the most disease problems in 2010.   
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RESULTS 

• Septoria leaf spot (40.9%), early blight (40.5%) and late blight 
(16.9%) ranked highest amongst diseases that reduced yield 
and/or quality of their tomato crop.  
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RESULTS 

• Over half of the participants (54.9%) somewhat agreed that 
the availability of reliable information and technical support 
was a challenge or obstacle they face in managing their 
organic farms.   
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Challenging factors 

To what extent do you agree or disagree that the following 
factors are challenges or obstacles you face in managing 

your organic farm? 

Strongly agree 
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Neither agree nor disagree 

Somewhat disagree 
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RESULTS 

• Organic farming organizations (57.6%), Internet (46.2%) and family, friends and 
colleagues (40.7%) were very important sources of disease management information for 
farmers.  

• Extension (46.7%), university research centers (45.6%) and technical publications (43.8%) 
were somewhat important sources of disease management information for growers.  
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RESULTS 

• Just over half of the participants indicated that they 
participated 1-3 times per year in programs or training 
activities to learn about soil-borne disease management 
(51.6%).  
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RESULTS 

• Grower meetings (75.3%), factsheets (75.3%), field days 
(61.3%), e-mail (55.9%) and internet (53.8%) were preferred 
modes of communication regarding soil-borne disease 
management for more than half of the participants surveyed.  
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CONCLUSIONS 

• Our initial analysis of survey results indicates that 
pest management is the greatest obstacle 
organic vegetable growers face and the 
availability of reliable information and technical 
support is following.  

 
• Just over half listed tomato as the vegetable 

crop with the most disease problems such as 
Septoria, Early blight and late blight and the 
majority of the growers surveyed indicated that 
foliar disease problem they generally faced.  
 



CONCLUSIONS 

• While the majority of organic vegetable growers seek 
out and receive  information from organic grower 
organizations and other organic farmers, University 
Extension is also a trusted source of information.  

  
• Organic farming systems are complex and research 

addressing specific problems in these systems needs to 
be communicated clearly to growers who need it.  

 
• Further analysis of survey data will be of value in 

determining research and communication priorities as 
well as the most effective means of transmitting 
information to growers.  
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