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Cultural practices in snap bean production were evaluated at the Oregon 

State University Vegetable Research Farm Corvallis, Oregon. In addition, decision- 

making in snap bean production was assessed on five farms in the Coburg-Junction 

City-Harrisburg regions of the Willamette Valley, Oregon. 

A field experiment with cover crop and tillage techniques was evaluated for 

the reduction of sclerotia within soil and white mold incidence (Sclerotinia 

sclerotiorum Lib. de Bary) on snap bean {Phaseus vulgaris) vegetation and pods. 

The experimental design was a restricted, randomized strip plot with four 

replications. Cover crops were planted in early May. Mesh sacks containing 10 

sclerotia were buried at 5cm depths. The cover crops were suppressed mid-June 

with glyphosate. Half of the total sclerotia were removed to assess viability. The 

remaining sclerotia in the tillage plots were removed to avoid tillage applications 

and replaced following snap bean planting. Plots were planted with 'OR 91G' snap 

beans in early July. At harvest, whole plants were assessed for yield, root health. 



whole plant white and gray mold, and mold on pods. Sclerotia were removed 

following harvest and assessed for viability on select basal media (SBM). Fallow 

and broccoli treatments resulted in the greatest yield and amount of whole plant and 

pod white mold. Sclerotia counts did not vary amongst treatments. Sclerotia 

number decreased to less than 10% of initial inoculum level at harvest. 

Five growers participated in yearly interviews and the assessment of a white 

mold scouting tool. Over three years, no change in farming practices was detected. 

Impressions of white mold disease pressure changed, however. In 1996, 85% of the 

interviewed growers rated white mold as the overall, most severe pest in snap 

beans. In 1998, 25% rated white mold as the most severe pest. Ronilan fungicide 

was registered in early 1998; therefore, concern regarding white mold control 

improved. 
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On-farm Inquiry and Assessment of Tillage and Cover Cropping for 
White Mold Control in Snap Bean Production 

Chapter 1 
A Review of the Literature 

Introduction 

Social and political factors as well as future availability of specific 

fungicides are directing white mold research towards sustainable agriculture 

practices, including fungicides. In addition, growers are experimenting on their 

own land with variables that may influence white mold incidence. 

White mold limits snap bean {Phaseolus vulgaris L.) yield throughout the 

Willamette Valley of western Oregon. Of seven growers in Oregon interviewed by 

the author, five reported white mold {Sclerotinia sderotiorum) as their number one 

pest and two reported the molds (white and gray, Botytis cinerea) as their second 

most severe pests following the western 12 spot beetle (Diabrotica 

undecimpunctata undecimpunctata Mannerheim). All interviewed growers spray 

vinclozolin fungicides at least once to control white and gray mold. 

Cultural control tactics are practiced in snap bean production to reduce the 

incidence of white mold. Tactics such as irrigation management, row spacing, 

fertility management, row orientation, and variety, may provide a suitable 

environment for other diseases, however. Few researchers have documented 

management tactics below and above the soil surface simultaneously, that would 

reduce white mold disease and subsequent sclerotia. Most white mold control 



tactics are foliar fungicidal sprays. This approach is to protect foliage and hence 

has no effect on existing sclerotial populations. Sclerotia of 5". sclerotiorum reside 

in and on the soil and encompass 90% of the disease lifecycle (Adams and Ayres, 

1979). 

The sclerotium is the over-wintering structure ofSderotinia. Sclerotia can 

survive in the soil for greater than 3 years (Adams and Ayres, 1979; Ben-Yephet, 

1993; Steadman, 1983) and can reproduce with or without a host by producing 

secondary sclerotia (Cook et al., 1975). Sclerotia are susceptible to microbial 

predation, and long periods of soil saturation (Smith, 1972; Coley-Smith and 

Cooke, 1971). Factors that influence sclerotia longevity within the soil and 

infection of the foliage are described below. 

Influence of environment on Sclerotinia 

Environmental conditions must be met for the pathogen to reproduce. They do not 

act independently but are often complementary in their actions. A change in one condition 

leads to a change in another (Griffen, 1969). If required conditions are not met, sclerotia 

may remain viable in the soil for at least 3 years. 

Temperature 

Sclerotia germinate and produce a carpophore at temperatures ranging 

between 5-20oC. At 10-20oC the tip of the carpophore expands to produce an 

apothecium (Abawi and Grogan 1975; Coley-Smith and Cooke, 1971). Ascospore 



germination is optimal at 25°C (Abawi and Grogan 1975). Most rapid infection of 

a plant occurs between 20oC and 250C and does not occur at temperatures of <50C 

or >30oC (Abawi and Grogan 1975; Boland and Hall 1987; Phillips 1994). 

Mycelial growth, lesion initiation and development, and sclerotia formation are 

optimal at 20-25oC (Abawi and Grogan 1975). Temperature affects disease 

development and reproduction of the pathogen but has little effect on sclerotia 

survival (Adams and Ayres, 1979). 

Soil organic matter/parasites and predators 

The soil factors that have the greatest effect on sclerotial survival are biological 

(Adams and Ayres, 1979). Sclerotia are resistant to decay but are susceptible to attack by 

mycoparasitic microorganisms or mycophagous animals. Direct effects on sclerotia by 

microorganisms usually happen after germination and result in decay. Pathogens are most 

vulnerable to antagonism following germination and most repellent in the resting stage. 

Organisms that feed on or parasitize sclerotia include nematodes, earthworms, centipedes, 

snails, gall midge larvae, mites, bacteria, and fungi (Coley-Smith and Cooke, 1971). 

White mold biology 

Sclerotinia spp. are classified as higher fungi, subdivision Ascomycotina (sac 

fungi), class Discomycetes (cup fungi) and order Helotiales. Apothecium develops from 

the sclprotium and the sppres are released from asci. Spores germinate and infect the plant 

with the mycelial Strands. The strands rapidly invade succulent tissue resulting in cell 



collapse. White fluffy mycelial strands grow on the surface of the plant to form sclerotia 

(hard, black, resting bodies) on and within the plant tissue. The sclerotia over-winter on 

and in the soil, in decaying plant material, or as mycelium in host tissue (Abawi and 

Hunter, 1979). 

Sclerotia comprise 90% of the life cycle of Sclerotinia (Adams and Ayres 1979). 

They are capable of maintaining a quiescent viable state in the absence of conditions 

favoring active growth (Coley-Smith and Cooke, 1971). Sclerotia of S. sclerotiorum have 

been estimated to survive in the soil for greater than five years (Steadman, 1983). 

Sclerotia of Sclerotinia spp. are capable of two modes of germination: 

myceliogenic, where only individual hypae are formed, and carpogenic, where a fruiting 

body, the apothecium, is formed. S. sclerotiorum exhibits both types of germination 

(Coley-Smith and Cooke, 1971) but most often germinates carpogenically (Boland and 

Hall, 1987). With carpogenic germination, the carpophore arises within the cells of the 

medulla of the sclerotium and emerges through the ruptured rind. The tip of the 

carpophore then becomes modified to form an apothecium that is comprised of asci 

containing ascospores (Coley-Smith and Cooke, 1971). More than one carpophore can be 

produced per sclerotium. In addition, sclerotia of 5". sclerotiorum can germinate more than 

once (Coley-Smith and Cooke, 1971). In most instances, however, decomposition of 

sclerotia occurs soon after initial germination. 

Sclerotia will switch from a dormant stage to the sexual stage following a period of 

conditioning where sclerotia must be exposed to sustained temperatures of 4-20° C 

(Steadman, 1983). Once conditioned, they require 10 days of soils at saturated or field 



capacity moisture to germinate and produce apothecia (Abawi and Hunter, 1979). 

Sclerotia, however, will germinate carpogenically following a series of short, 

discontinuous periods of high soil moisture (Boland and Hall, 1987). 

Apothecia will emerge when soil moisture and temperature are optimum. The 

apothecium will remain viable for 5 to 10 days and are capable of discharging 2 million 

spores. At one time, an apothecium can discharge 10,000-30,000 ascospores (Steadman, 

1983). Apothecia will re-open following desiccation if moisture is adequate (Boland and 

Hall, 1987). Ascospores can survive on the soil and plant surface for up to 2 wk 

(Steadman, 1983). They require an exogenous source of nutrients to germinate and infect 

the host (Boland and Hall, 1987; Huang and Kokko, 1992). The nutrients can be obtained 

from senescent blossoms or injured leaves. 

Sclerotia have an innate ability to produce secondary sclerotia. They also have the 

ability to reproduce in the presence or absence of a host (Coley-Smith and Cooke, 1971; 

Cook et al., 1975). Sclerotia buried in soil in test trials germinated to produce secondary 

sclerotia. The sclerotia recovered were not necessarily those that were buried (Coley-Smith 

and Cooke, 1971). 

Farmers estimate that sclerotia survive for 4 to 5 yr in field soil (Adams and Ayres, 

1979). Following outbreaks of lettuce drop, a common disease of California lettuce 

production, sclerotia of S. sclerotiorum had similar survival rates in plots cropped or left 

fallow. Sclerotia survived in the soil for as long as seven years. However, the initial 

number declined (Ben-Yephet et al., 1993). Only 2 and 5.5% of the sclerotia in the 

cropped or fallowed plots remained and the size of the surviving sclerotia was classified as 



small. Although several secondary sclerotia can be formed from one infection, few will be 

recovered at the time of planting, suggesting that the percent of short-term sclerotia 

survival is low (Abawi and Grogan, 1975). 

Cultural controls 

Implementing cultural control practices within a field situation to change the 

microclimate can mimic environmental factors. This change in microclimate may reduce 

the number of sclerotia in the soil and subsequent disease. By implementing practices that 

influence soil moisture (irrigation) or plant size (fertility and within row spacing), the plant 

and soil environment is changed, and sclerotia survival and/or disease incidence may be 

affected. 

Moisture and irrigation 

Irrigation is required for the production of snap beans in the Willamette 

Valley. Moisture due to irrigation, rainfall, and dew affects soil moisture, plant 

surface wetness, and relative humidity below the plant canopy. Preliminary studies 

suggest that irrigation timing can be manipulated to affect disease incidence 

(McGrath, 1996). If a wet period is too short for germination of ascospores, the 

following dry period will partially negate the affect of the wet period and delay 

infection (Phillips, 1994). 

Ascospores require 39 to 64 h of leaf wetness for germination (Boland and Hall, 

1987). Careful irrigation management and proper fungicide application can be 



manipulated to reduce the amount of disease initiation, especially when cool nights result 

in dew (Phillips, 1994). Late summer temperatures in the Willamette Valley are optimal 

for disease because of dew formation starting in mid-August (Brice, pers. comm., 1996, 

1997). 

Sclerotia germinate carpogenically following 10 days of soil moisture at saturation 

or field capacity (Abawi and Hunter, 1979). Extended soil moisture results from frequent 

irrigation, a "bridging rainstorm", or a closed plant canopy. A bridging rainstorm connects 

the normal wetting and drying cycles of irrigation. This results in continuous 10-day 

moisture requirements for sclerotia germination (Pers. comm., McGrath, 1996). A closed 

plant canopy creates a microclimate below the leaves, which retains a high humidity (Teo 

etal., 1989). 

Transformed data by Teo et al. (1989) showed that soil moisture influenced 

germination of sclerotia. Sclerotia at high soil moisture (>1.5MPa) had a mean 

germination rate of 5.9% to 26.2 % compared to a low soil moisture (<1.5MPa) where 

mean sclerotia germination was 0.0% to 1.7 %. On the other hand, soil drying can help 

reduce the number of sclerotia. Adams (1975) attributes a decline in the number of 

sclerotia observed in field plots to the drying and re-moistening of the sclerotia near the 

soil surface. When sclerotia were dried (90% moisture loss) for short periods and then 

remoistened, they leaked nutrients into the soil. Subsequently, the sclerotia were colonized 

by microorganisms and resulted in decay within two to three weeks (Smith, 1972). 



Cover crops 

Cover crops are perceived to offer a wide range of benefits to vegetable row crops. 

Cover crops are planted to improve soil structure and water infiltration (Williams, 1966) 

and reduce soil erosion and nitrate loss (Lai, et. al., 1991; Johnson et al., 1993; Smeda and 

Putnam, 1988; and Worsham, 1991). Incorporated barley (Hordeum vulgare), rye [Secale 

cereal var. 'Atlas 54) and cereal rye {Secale cereal var. 'Svalof Fourex') cover crops 

doubled the water infiltration rate compared to annual ryegrass (Lolium multiflorum) and 

soft chess (Bromus mollis var. Blando) in a 28 month-period (Williams, 1966). 

Cover crops capture nitrogen in two ways. Leguminous cover crops capture and fix 

atmospheric nitrogen while grain cover crops capture residual nitrogen from a previous 

crop. Winter cover crops following broccoli reduced NO3 leaching by 65-70% (Wyland et 

al., 1996). Plant roots in the surface soil removed N and water that would have been lost 

from the soil profile. In com plots with hairy vetch (Vicia villosa) crop residue and no 

added N, com yields were 68% greater than the com residue treatment and 60% greater 

than the rye {Secale cereal) residue treatment (Frye and Blevins, 1989). To optimize yield, 

however, additional N was applied. 

Cover crop residue in a no-till system can reduce available water to the subsequent 

crop. Hairy vetch cover crop reduced soil water to at least a 60cm depth (Frye and Blevins, 

1989). VanBruggen et al. (1990) experienced an increase in water demands during cover 

crop growth stages. Soil moisture was 29% lower in cover crop plots compared to fallow 

plots at 75 and 90cm depths. In addition, soil moisture in cereal rye {Secale cereale) plots 

was 30% lower than that in broad-bean {Vicia faba L.) plots. Due to the reduction in 



available soil moisture, corky root (Rhizomonas suberfaciens) in lettuce was reduced in 

plots previously planted in rye plots. Inoculum potential was not affected by the cover 

crop. 

The practice of cover cropping presents economic considerations for growers. Seed 

costs and extra farming practices to plant and incorporate cover crops add costs to farming 

(Shennan, 1992). The highest risk in cover cropping is the potential disruption of the 

planting schedule in spring. Growers agree that the window of opportunity to prepare the 

soil and plant the cash crop is very brief (Wyland et al., 1996). Therefore, planting, killing, 

and incorporating a cover crop reduces that window of opportunity for planting the cash 

crop, thus making cover cropping less appealing. The benefits and detriments of cover 

cropping may be equal, making it a less desirable practice (Frye and Blevins, 1989). 

Additional risks to cover cropping involve planting crops that host plant 

pathogens. When cover cropping in rotation with snap beans, one must use caution 

against planting a susceptible cover crop. Studies by Skarphol et al. (1987) showed 

an Austrian winter pea {Pisum sativum) biomass reduction due to Sclerotinia wilt. 

Cover crop biomass may have been affected, but more importantly, inoculum may 

have been added to the soil. 

Grain cover crops temporarily alter the soil by changing the microorganism 

population, nutrient status, and soil structure (Wyland et al., 1996). Although these 

changes subsided after 6 wk, they may impact sclerotia survival over that time. These soil 

changes may assist with sclerotia degradation because the survival of sclerotia is affected 
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by the nutrient status of the soil, specifically the organic matter content (Coley-Smith and 

Cooke, 1971). Rhizoctonia solani, another sclerotia (no rind) producing pathogen, was 

suppressed by the use of green amendments in the soil. Green and dry amendments 

increased the number of rhizospere fungi along with streptomycetes and soil bacteria. As a 

result, Rhizoctonia disease in snap beans {P. vulgaris var. 'Topcrop') was reduced due to 

the antagonistic effect of the increased number of soil microorganisms. Decomposing 

green com and oats were the most effective soil amendments (Papavizas and Davey, 

1960). In another study, the growth and incorporation of cover crops neither introduced 

nor enhanced soilbome pathogens, which infect broccoli (Wyland et al., 1996). There were 

no observed root, crown, or foliar diseases on the cover crops that would be of concern in 

vegetable cropping systems. In addition, the altered microorganism populations changed 

the soil nutrient status following cover crops. Soils cropped to hairy vetch had increased 

vesicular-arbuscular mycorrhizal (VAM) fungi, which aided in the uptake of immobile 

mineral nutrients (Galvez et al., 1995). 

In Salinas Valley, CA, green manuring with cover crops that are grown in the fall 

and incorporated in early winter are utilized to reduce the losses of lettuce due to 

outbreaks of lettuce drop (Dillard and Grogan, 1985). A green manure crop of sudangrass 

{Sorghum vulgare Pers. var. sudanense (Piper) Hitche, 'Monarch') suppressed verticillium 

wilt {Verticillium dahlia), a no rind, microsclerotia producing pathogen in potatoes 

(Subbarao and Hubbard, 1996). Sudangrass was grown for three (study 1) or two 

consecutive years (study 2) prior to planting a potato crop. Levels of soilbome inoculum of 

V. dahlia were reduced in study 1. In both experiments, however, yield was increased 
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when compared to the weed free fallow (study 1: weed-free fallow, Austrian winter pea 

[Pisum sativum L. 'Melrose'], two cultivars of rape [Brassica napus L. 'Dwarf Essex' and 

Bridger'], and study 2: weed-free fallow, oat [Avena sativa L. 'Monida'], rye [Secale 

cereal L] and com [Zea mays L. 'Jubilee']). The research team found a reduction in 

inoculum density between the Austrian winter pea and sudangrass treatments. However, 

potatoes had less wilt following sudangrass compared to Austrian winter pea (Davis et al., 

1996). 

Cover cropping also can increase some soilbome pathogens. An increase of 

Pythium spp. occurred on surghum {Sorghum bicolor (L.) planted into legume cover crop 

residue. However, the increase in Pythium spp. was not evident in residue from rye {S. 

cereale L. cv Wren's Abruzzi) or in no-residue plots. The increase in disease may be 

influenced by the C:N ratio (Rothrocke and Hargrove, 1988). Snyder et al., (1960) found 

that by adding supplemental N to mature barley, disease severity was increased. As the 

C:N ratio decreases, soil pathogen health increases. Leguminous cover crops are 

susceptible to Sclerotinia spp. and have been reported to increase the amount of soilbome 

inoculum (Koike et al., 1997; Boland, and Hall, 1994). 

Tillage 

No-till (NT) involves planting a crop directly into soil by opening a slot to plant the 

seed (Ploetz et al., 1985). Conventional tillage (CT) prepares a uniform seedbed beginning 

with a primary deep-tillage operation followed by secondary tillage (Sumner et al., 1981). 

No-till and conventional tillage techniques were compared to identify 

effects on disease incidence. Deep tillage buries sclerotia, making germination 
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unlikely (Subbarao et al., 1996), though sclerotia do survive deep tillage. Sclerotia 

survive up to 5 yr and will germinate if brought to the surface (Merriman et al., 

1979). Sclerotia break dormancy within 7 mo when placed in the top 10 cm of soil 

(Cooketal., 1975). 

Tillage, although used to control S. minor in lettuce, fails to suppress other 

species of Sclerotinia. Tillage practices almost guarantee the presence of sclerotia 

at or near the soil surface (Cook et al., 1975; Steadman, 1983; Subbarao et al., 

1996). Primary tillage practices commonly used by vegetable row crop growers in 

the Willamette Valley would ensure sclerotia resurfacing. Mitchell and Wheeler 

(1990) suggest leaving the sclerotia near the surface to promote quick germination 

and subsequent breakdown. NT techniques keep cover crop residues on the soil 

surface and may act as a physical barrier to ascospore dissemination and thus act to 

prevent disease. 

Crop rotation 

Five Willamette Valley farmers interviewed by the author rated crop rotation as 

very important for its effect on yield. All five farmers plant crops other than beans for at 

least two years. Nearly half (43.5%) of growers surveyed by McGrath and Kogan (pers. 

comm., 1996) alter rotation to reduce disease. Inoculum density of S. sclerotiorum may be 

reduced with correct timing of foliar fungicide sprays and crop rotation with non-hosts 

(Ben-Yephet et al., 1993). Ben-Yephet et al., (1993) did not find differences in inoculum 

levels of S. sclerotiorum in lettuce plots cropped and left fallow for four and six years. In 
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the North Platt Valley of Nebraska, the commonly used three-year rotation of dry beans- 

com-sugarbeets was not an effective control measure for white mold because of the long- 

term survival of sclerotia (Cook et al., 1975). Although crop rotation may not be an 

effective control tactic of diseases caused by Sclerotinia, crop rotation is instrumental in 

minimizing diseases caused by other soil borne pathogens (Steadman, 1979). 

Fungicide application 

Foliar fungicide application is the most common form of white mold control in the 

Willamette Valley (McGrath and Kogan, pers. comm., 1996). Fungicides are sprayed one 

or two times post-bloom to prevent disease development. Vinclozolin DF® (vinclozolin 

[3-(3,5-dichlorophenyl)-5-methyl-2,4 oxazolidinedione]) fungicide, the most frequently 

used white mold control tactic, costs $83/ha to purchase and apply (Wood, pers. comm., 

1999). Foliar fungicides are preventative rather than curative and must be applied before 

infection occurs (Abawi and Hunter, 1979; Steadman, 1979). If sprayed after infection, 

disease outbreaks can only be slowed. By predicting disease potential, one could target the 

fields in which fungicides would be most effective for disease control. 

Variety and row spacing 

Upright plant architecture is important in the avoidance of white mold in narrow 

plant spacing. Upright common beans were compared to prostrate viney beans in a 

factorial study. They were grown 0.23 m apart with a high-density plant population. 

Saindon et al. (1995) found no significant increase in incidence of white mold with the 

increase in plant density of common upright beans. Park (1993) suggests that a narrow 
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canopy with fewer branches, and higher flowering nodes of an upright plant, often 

characteristic of the semi-determinate varieties, may contribute to white mold avoidance. 

Weed effects on white mold 

Weeds are a significant factor in the production of sclerotia (Adams and Ayres, 

1979). Dillard and Grogan (1985) observed symptoms of white mold on redroot pigweed 

(Amaranthus retroflexus L), common chickweed {Stellaria media (L.) Vill.), purslane 

(Portulaca oleracea L), and shepherd's purse (Capsella bursa-pastoris (L.) Medic.) in 

abandoned lettuce fields. This suggests S. minor is capable of maintaining sclerotia 

populations in the absence of an agronomic crop host. The pathogen Sclerotinia, has a 

wide host range of at least 408 species, representing 278 genera and 75 plant families 

(Boland and Hall, 1994). 

Other cultural controls 

Other cultural controls include but are not limited to, plant population, row 

orientation, and fertilization. Over three years, growers participating in the mold-scouting 

project did not alter these practices to reduce disease potential. However, microclimate 

modifications that result from such changes are likely to be effective in managing white 

mold in some fields. Both the amount of N and the width of the row spacing in snap beans 

will affect canopy closure. In semiarid regions, carpogenic germination and apothecial 

formation usually occurs after the canopy closes over the soil surface (Steadman, 1983). 

Canopy closure results in cooler, shaded soils, and the soils remain moist longer than sunlit 

or open areas. 
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On-farm research 

Growers practice prevention of white mold by rotating crops and monitoring 

irrigation. However, mold control in snap beans is limited to fungicide applications. All 

growers interviewed by the author rely on field representatives to inform them of when to 

apply fungicide. If a field is highly susceptible to disease due to previous disease history, 

the farmer will apply two sprays. 

Dan McGrath of Oregon State University Extension Service modified a mold- 

scouting model developed at Cornell University (Abawi and Hunter, 1979). The original 

model assessed disease pressure by concentrating on soil moisture. McGrath (pers. comm., 

1996) adjusted the model to predict disease pressure by quantifying environmental 

conditions ideal for mold development. The model is used to help a field scout predict 

disease pressure in order to increase spray timing accuracy. Through scouting, a number is 

acquired which is an accumulation of scores from canopy closure, moisture accumulation, 

and apothecia count. The number acquired will help define a field as low risk (<10), 

moderated risk (score of 10-15) or high risk (>15). 

McGrath and Kogan (pers. comm., 1996) surveyed snap bean growers in the 

Willamette Valley regarding snap bean production. Of the respondents, 91% listed white 

mold as their most difficult disease problem, and 98% of the respondents' spray 

Vinclozolin to control white mold. Of 16 farms scouted for white mold in 1996, 100% of 

the plantings were sprayed with Vinclozolin, 19% had a high risk of white mold, and 70% 
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were at low risk. Of the 16 farms, 25% of the plantings were sprayed twice with 

Vinclozolin and 18% of the plantings sprayed twice were at low risk of white mold 

(McGrath and Harrison, unpublished data, 1997). 

Field representatives assess crop conditions and give a recommendation to the 

grower regarding spray timing. Field representatives from cannery and chemical 

companies follow the research by Apple and Powelson (1985). The representatives 

recommend that growers spray vinclozolin fungicides on beans at 10% bloom and again 7- 

10 days later to optimize fungicidal coverage up to harvest. 

The scouting model may refine spray timing by changing the decision making 

process. Spray application requires an immediate decision. The numbers defining risk of 

disease acquired through scouting will determine when to spray. Spray would need to be 

applied at a specific time according to model results, rather than assessing bean phenology 

and scheduling spray timing. 
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Chapter 2 

Effects of Cover Crop and Tillage Management on Disease Incidence and 
Sclerotia Degradation of Sclerotinia sclerotiorum in Willamette Valley 

Snap Bean Production. 

Abstract 

Cover cropping and tillage regimes were evaluated for the reduction of 

sclerotia within the soil and white mold incidence (Sclerotinia sclerotiorum Lib. de 

Bary) on snap bean vegetation and pods. A randomized strip plot with four 

replications was planted in spring with six cover crops and one fallow treatment. 

No-tillage and conventional tillage treatments split each replication. In 1997 and 

1998, cover crop treatments included 'Gem' broccoli (Brassica oleracea), common 

vetch (Vicia sativa), annual ryegrass (Lolium multiflorum), 'Monida' oats (Avena 

sativa), 'Micah' barley (Hordeum vulgare), and 'Penewawa' spring wheat 

(Triticum aestivum). In 1999, all cover crops except broccoli and common vetch 

were planted. 

Following cover crop planting in late April, mesh sacks with ten sclerotia and 20 

grams of sifted field soil were buried at 5 cm depths. To evaluate survival and viability, 

half of the sacks were removed prior to cover crop incorporation and half were removed 

after bean harvest. In early July 1997, 1998, and 1999, 'OR 91G' snap beans were planted. 

Snap bean yield, root health, and white and gray mold incidences were evaluated at 

harvest. 
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The fallow and broccoli treatments consistently exhibited greater incidence of 

whole plant and bean pod white mold. Bean yield, also, was statistically greater in the 

treatments with less cover crop biomass. Cover crops with high biomass indirectly affected 

white mold incidence on snap beans by reducing bean plant size. Soil nutrients may have 

been unavailable in early bean growth due to the high C:N ratio of the incorporated grain 

cover crops. The smaller plant size resulted in less white mold development due to poor 

white mold growth conditions. 

Yield was greater in no-till both years and was statistically significant in 1997. In 

1999, tillage comparisons were omitted due to poor bean emergence. 



Introduction 

The Willamette Valley produces 96% of Oregon's processed snap beans. Gross 

value of the 9020 ha of processed snap beans grown in 1998 was $22,000,000 (Commodity 

data sheet, 1998). In 1967, nearly 12,300 ha of snap beans were harvested in Oregon 

weighing nearly 150,000 tons. In 1997, 9430 ha were harvested, weighing 148,000 tons. 

Although hectares in production decreased in 30 years by approximately 2870 ha, 

production increased by nearly 3.7 t/ha. 

With the increase in tons/acre and the change in plant architecture in the 

past 30 years, new problems have arisen. Growers have experienced an increase in 

many pests such as white mold and the western 12 spot beetle. When growers were 

asked how they controlled white mold, they mentioned fungicide applications, row 

spacing, irrigation management, and looking for "the little mushrooms" as tactics 

for control. These tactics are in the category of integrated pest management (IPM): 

A combination of pest control tactics that influence pest pressure. The purpose of 

this study was to investigate specific cultural control practices that might impact an 

agricultural system and thus reduce white mold inoculum and foliar incidence. 

Cover cropping and tillage regimes were examined for potential abilities to reduce 

white mold inoculum within the soil and disease severity on snap beans. 
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Methods and Materials 

The cover crop and tillage trial was located at the Oregon State University 

Vegetable Research Farm, Corvallis, Oregon, in 1997, 1998, and 1999. The 

experiment was conducted on Chehalis silty clay loam. A randomized strip plot 

design with four replications was planted in early May with six cover crops and one 

fallow treatment. No-tillage and conventional tillage treatments split each 

replication. Strip plots were 3 m by 9 m, with 4.5 m alleys separating the 

replications. Plot length was oriented west to east to conform to irrigation pipe 

placement. 

In summer 1996, the field was planted with snap beans and managed for 

mold by applying intensive irrigation. Due to the uniform white mold incidence on 

the beans, a natural sclerotia population was established uniformly throughout the 

field. 

On May 2, 1997 and April 30, 1998, four replications of six cover crop 

treatments: 'Gem' broccoli {Brassica oleracea) at 10.2 kg/ha (1997), common vetch 

(Vicia sativa) at 100.8 kg/ha, annual ryegrass (Lolium multiflorum) at 10.2 kg/ha in 

1997 and 22.5 kg/ha in 1998, "Micah* barley (Hordeum vulgare) at 182.5 kg/ha, 

TVIonida' oats {Avena sativa) at 140.0 kg/ha, and "Penewawa' spring wheat {Triticum 

aestivum) at 172.4 kg/ha were planted. A fallow plot was the control. In 1998, to 

reduce the weed problem, broccoli was hand-transplanted at 0.46 m plant spacing 

and 0.76 m rows rather than broadcast. Ryegrass seeding rate was increased due to 

poor biomass resulting in increased weeds. 
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On April 27, 1999, a different field with similar conditions was planted 

with annual ryegrass (22.5 kg/ha), 'Micah' barley (182.5 kg/ha), 'Monida' oats 

(140.0 kg/ha), and Tenewawa' spring wheat (172.4 kg/ha). Two fallow plots 

remained. One plot was a vinclozolin check; the other, a fallow check. Cover crops 

were planted with a Nordston™ plot drill. 

Following cover crop planting, nylon-mesh sacks with 10 sclerotia and 20 

grams of sifted field soil were buried 5 cm below the soil surface. Half of the sacks 

were removed prior to cover crop incorporation to test for viability. The other half 

of the sclerotia sacks remained in the soil until after the snap bean harvest. 

However, sacks in conventional tillage (CT) plots were removed before cover crop 

incorporation and replaced after bean planting to avoid tillage practices. Sclerotia 

in no-till (NT) plots remained in the soil during bean planting. To check viability, 

sclerotia were removed from plots after harvest. 

In late June 1997, 1998, and 1999, cover crops were sprayed with 

glyphosate (2.4kg ai/ha), and flailed. Conventional tillage plots were disked (cover 

crop disk) and rotary hoed twice. Snap beans ('OR 91G') were planted on July 7, 

1997, July 8, 1998 and 1999 at 29-32 plants/m with a cross-slot planter. In 1999, 

beans in CT were planted with John Deere Max-Emerge™. The planter was 

calibrated at 125 kg/ha. Nitrogen (15-15-15-0) was side-dressed during snap bean 

planting at 61 kg N/ha. Plots were sprayed pre-emergence with metolachlor (1.7kg 

ai/ha) herbicide. Plots were irrigated with hand-line irrigation pipes. After first 

bloom, plots were irrigated at least every five days (2 cm/set) to enhance sclerotia 
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germination and apothecia emergence. In 1999 after first bloom, plots received 

evening irrigation for 15 min to create surface wetness on plants. 

In early August, plots were sprayed with bentazon (1.3kg ai/ha) to kill 

weeds and the remaining cover crop. Plots were hoed in mid-August to remove 

remaining weeds. At first bloom, beans were side-dress fertilized with N (46-0-0-0) 

at 68.2 kg/ha to optimize bean growth and enhance mold conditions. The expected 

response was increased plant size, and therefore, quicker canopy closure. Ideally 

this would result in optimal white mold development conditions. 

Data Collection 

Cover crop biomass 

Cover crops were sampled from 2 quadrats/plot (0.44 m2) seven weeks after 

planting (WAP). Samples were removed randomly from east and west sides of the 

plots. Weeds were separated to genus-nightshade (Solarium spp.), lambsquarter 

(Chenopodium spp.), pigweed (Amaranthus spp.), smartweed (Polygonum spp.), 

and other, to check for shifts in species over the season as a result of cover crop 

and tillage treatments. Samples were dried at 490C for 4 days, and weighed. 

Bean emergence counts 

Following snap bean planting, emerged beans were counted two and three 

WAP to document late and poor emergence. One 3m row was couttted per plot. 

Plants that emerged or were emerging from the soil were counted. 
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Root health checks 

Root health was rated 4 WAP in 1997 and, at pinbean stage, 6 WAP in 1998 

and 1999. Root health analysis is most accurate when plants are nearing the end of 

bloom period (Abawi and Hunter, 1979). Whole plants were pulled to assess root 

structure and disease symptoms. Assessments were done when the soil was moist, 

so the roots would not break. The ratings ranged from 1-5 where 1 = no 

discoloration, roots highly vigorous; 2 = slight discoloration at crown, roots 

vigorous; 3 = moderate discoloration, few side roots, stem may break when pulled 

from soil, and slight hollowness within stem; 4 = dark discoloration, brace roots 

forming, hollowness of stem and; 5 = severe discoloration, no or few roots, and a 

hollow stem. 

Pinbean counts 

Pinbeans were counted one week past first bloom to assess bean maturation 

within treatments. Pinbeans were counted on three plants in 1997 and five plants in 

1998 and 1999. Bean plants were removed from the soil by pulling at stem base. 

All beans emerging from senescing blossoms were counted. 

Harvest 

Plants were assessed for maturity by removing random plants from the 

fallow plots for grading. The outcome of the grade determined the approximate day 

for harvest. On harvest day, two 2.5 m rows were harvested from each plot. By 

pulling at the base of the plant, whole plants were removed from plots, counted, 
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and weighed. Twenty whole plants were sub-sampled from harvested rows and 

assessed for whole plant white and gray mold and root health ratings. Disease 

rating scores for white and gray mold were accumulated for the 20 plants per sub- 

sample to acquire a final score. Disease ratings were 0 to 5 where 0 = no disease; 1 

= 1 stem with a lesion; 2 = one stem dead < 1 bean with mold; 3 = 2 stems dead, 1- 

3 beans with mold; 4 = one half plant dead and > 3 beans with mold; and 5 = plant 

is dead. Root health ratings were identical to those described above in root health 

check section. Beans pods > 10 cm in length were removed from the plants and 

weighed. A total of 200 pods per sub-sample were assessed for symptoms of white 

and gray mold. Pods from the same treatments were combined for grading in 1997 

and 1998. Replications 1 and 2, and 3 and 4 were combined/treatment. In 1999, all 

sampled rows were graded separately. 

Sclerotia viability 

Subsequent to removal, soil within mesh sacks was air-dried, sifted, and the 

sclerotia removed. Sclerotia were visually inspected for degradation. Sclerotia were 

considered rotted or degraded if they were not recovered or disintegrated when 

assessed (Teo et al., 1989). Sclerotia not degraded were tested for viability on 

Select Basal Media (SBM) (Kritzman and Netzer, 1978). Sclerotia were soaked in 

50% bleach solution for 3 min, rinsed in sterile, distilled water, and plated on 

SBM. Plates were stored at room temperature for 5 days. Checks for viability 

started on day 2. Sclerotia viability was evident when the cream color media began 

to turn translucent. 
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Statistical analysis 

Data were analyzed using Fischer's Protected Least Significant Difference. 

The data were interpreted in the following manner as suggested by Ramsey and 

Schafer (1997); <0.01 highly significant difference; < 0.05 significant; <0.15 

suggestive but inconclusive. 

Table 2.1 identifies changes in sampling techniques, treatments and tillage 

regimes for 1997, 1998, and 1999. Due to the variability, data were analyzed 

separately for statistical significance. 
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Table 2.1 Changes in treatments and sampling timing over the duration of the 
experiment. 

Treatments 
and 

sampling 1997 1998 1999 

Fallow check yes* yes yes 
Vinclozolin check no no yes 

Broccoli seed yes no no 
Broccoli transplant no yes no 

Common vetch yes yes no 
Monida oats yes yes yes 
Micah barley yes yes yes 

Annual ryegrass yes yes yes 
Spring wheat yes yes yes 
Tillage strip yes yes no 

Sclerotia sacks yes yes no 
Pinbean counts 3/plot 5/plot 5/plot 

Fusarium checks 4WAP 6WAP 6WAP 

*"yes" and "no" indicates whether a technique or treatment was applied. Not all 
data collection processes are listed. 
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Results and Discussion 

In the following section, cover crop will be abbreviated as CC, broccoli as 

BR, fallow as F, common vetch as CV, annual ryegrass as ARG, "Monida' oats as 

MO, 'Micah' barley as MB, spring wheat at SW and vinclozolin (Ronilan) as RON. 

In addition, no-till will be abbreviated as NT, conventional tillage as CT, and 

weeks after planting as WAP. 

Tillage and cover cropping are considered "keystone" events in weed and 

symphylan suppression (William et al., 1999). Keystone in ecology means 

necessary elements within a system from which other elements are dependent. 

Tillage and cover cropping, however, had little effect on disease suppression and 

sclerotia degradation when considered individually or when combined. Over three 

seasons, the differences in snap bean yield following cover crop treatments were a 

result of reduced plant size, which resulted in less disease. Beans following fallow 

treatments and treatments with low CC biomass produced the most whole plant 

biomass, highest yield, and resulted in greater disease incidence. 

Cover crop biomass and weed shifts 

Cover crop biomass and weed evaluation was recorded 7 WAP cover crops. 

In 1997 and 1998, MO produced significantly more cover crop biomass than all 

other treatments and in 1999 produced similar biomass to SW. BR developed poor 

biomass in both years (Figure 2.1). 
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Figure 2.1 Cover crop biomass 1997,1998, and 1999, measured in grams dry weight/m2. Treatments with the same letter 
do not vary significantly within year according to Fischer's Protected Least Significant Difference. BR = broccoli, CV = 
common vetch, ARG = annual ryegrass, MO = 'Monida' oats, MB = 'Micah' barley, and SW = spring wheat. 



In 1997, weed counts within CC were higher than in 1998. In 1998, weeds were 

nearly non-detectable within cover crop treatments. In 1997, cover crops that 

produced the least biomass had the highest weed counts. Although there were 

changes in weed number, no differences in weed diversity were detected over the 

two years of planting. 

Emergence 

Emergence counts of snap beans seedlings were conducted 2 and 3 WAP to 

measure changes in emergence timing. Although the sampling technique used was 

similar, results were inconsistent throughout the years. 

No differences in emergence were evident on either date in 1997. In 1998, 

however, CC treatment and tillage were significant for emergence (p=0.009 and 

p=0.002) at 2 WAP and at 3WAP (p=0.04 and p=0.03). Beans following broccoli 

had the highest mean number of emerged plants on the first date and did not 

increase by the second date of sampling. Beans in CV treatments emerged slowly. 

However, by the second date, CV treatments were nearly equal in number to the 

other treatments. This suggests that beans following CV emerged slower than those 

following BR. However, final emergence number was the same. Number of 

emerged beans following SW and MB remained significantly lower than all other 

treatments and only increased by means of seven and nine plants by the next 

sampling date. Although bean emergence counts were greater in NT plantings on 

both dates, Skarphol et al. (1987) reported the opposite. A delay was observed in 

snap beans and may have occurred in NT because surface temps were often greater 
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in CT than in NT soils early in the growing season. This did not happen in either 

1997 or 1998 perhaps due to the late planting of snap beans and higher soil 

temperatures. Although emergence was greater in NT over the two dates, timing 

was similar in NT and CT. On both dates mean emergence counts increased by 10 

plants. 

In 1999, emergence in NT was poor due to planting difficulties. The beans 

were planted too deep; therefore, the strip was dropped. Within CT treatments, 

however, there were two extreme differences in emergence counts on the first date. 

MO had a mean emergence of 22 more plants/3 m than MB. On the second date no 

treatments varied. 

Bean maturity index 

Pinbean count should reflect maturity of beans. The treatment that is 

producing pinbeans at an earlier age should mature to harvest earlier than the 

treatment with fewer pinbeans at the same age. Grade is a relative measure of the 

sieve size of beans. According to NorPac representatives, beans should be picked 

when 50% of total beans are sieve sizes 1-4 and the remainder sizes 5-7 (Peachey, 

pers. comm. 1999). In summary, the larger the bean at harvest, the earlier the 

maturation and the lesser percentage of sieve size 1-4 (small beans). 

In 1997, and 1998, F and BR treatments resulted in greatest number of 

pinbeans and had the lowest number of beans with sieve sizes 1-4. Pinbean results 

in 1999, however, varied from those in 1997, and 1998. Fallow and RON 
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treatments had the greatest number of pinbeans (p=O.0001) and RON treatment 

grades had the lowest number of beans with sieve sizes 1-4. However, F produced 

similar grades to MO, MB and SW (Figure 2.2). 

Grades summary 

In 1997, tillage produced significant differences in grade (p=0.05). CT had 

10% more small beans than NT suggesting a later maturity within CT. Treatment 

differences were amongst MO (73.7% sieve size 1-4) and ARG, BR and F 

treatments (63% sieve size 1-4); however, they were not significant. F, BR and 

ARG treatments had the least number of small beans and MO the greatest. 

In 1998, there were differences in treatment (p=0.002) but not tillage. The 

grade means of cover crop treatments ranged from 73-81% of small beans. F and 

BR had a lower percentage of small beans (57 and 54%) suggesting earlier 

maturity. 

In 1999, treatment was significant for bean grades (p=0.007). RON 

treatment had 10% fewer small beans than F and 20% fewer small beans than 

ARG. F did not vary significantly from MO, MB or SW. However, delayed 

maturity in ARG resulted in 75% small beans. 
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Root health 

There were no differences in root health of beans in 1997 when measured 

4WAP. All roots were rated as moderate for health. At harvest, however, bean roots 

following MO and MB were healthiest (p=0.04). Beans following MB had roots 

similar to the other treatments except ARG. Beans planted into ARG had the 

poorest quality roots. 

An increase in soil pathogens causing root rot was expected in 1998 

because of the repeated planting. However, in 1998 no changes in root health were 

observed. 

In 1998, bean roots in the MB treatment were healthier than the F 

treatments, confirming results of Peachey and William (1993). Snyder et al., (1960) 

found that mature barley provided good control of root rot of beans, whereas, 

alfalfa and soybean amendments increased severity. They found that when nitrogen 

was added to the soil, disease severity increased. They concluded that this action 

counteracted the affect of mature barley because, as C:N ratio decreases, soil 

pathogen health increases. 

In 1999, no differences in root health were detected at 6 WAP or at harvest. 

Again, severity increased at harvest, but roots retained a moderate rating for health 

(Figure 2.3). Because of the new planting area, there was not an evaluation of root 

disease causing pathogens at pinbean stage. 

For each year, root rot severity increased with plant maturity. Root ratings 

from 6 WAP to harvest show a decrease in root quality amongst all treatments. 
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Harvest 

Treatment differences for mold for the first 2 years can be ranked by cover 

crop biomass. Treatments with the least CC biomass resulted in the highest mold. 

Little difference was sorted within grain CC treatments, however, and years were 

inconsistent. 

Harvest data in 1997 revealed treatment differences in biomass, whole plant 

white mold, and pods with mold. In addition, treatment and tillage affected yield. 

Broccoli treatments resulted in the greatest white mold incidence on whole plants 

and pods (Figure 2.4, and 2.5). Fallow treatments produced similar incidence but 

did not vary from the other treatments. In 1997, tillage showed significant evidence 

for affecting yield. NT yields were higher than yields from CT plots. These 

findings confirm the results of Skarphol et al., (1987). They found higher pod 

yields in no-till plots compared to CT plots. 

In 1998, NT resulted in greater plant number, but did not differ with the 

other variables. Measured differences with CC treatment were apparent for whole 

plant biomass, yield, and white mold incidence on whole plant and pods. Similar to 

1997, beans following F and BR treatments had the greatest whole plant biomass 

and yield and the greatest amount of white mold on whole plant and bean pods. 

Whole plant white mold in F treatments was similar to that in ARG, SW, MB and 

MO. Pods with white mold were similar to SW, MO, and ARG. Common vetch is 

host to Sclerotinia, yet beans following CV had the lowest incidence of white mold 

disease. In addition, beans following CV had a similar incidence of disease as after 
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MB, but the number of plants was low and the yield was poor. Beans planted into 

CV residue may have been stunted because CV was not adequately killed. 

Consequently, competition may have influenced size of the bean plant. Skarphol et 

al. (1987) reported a reduction in snap bean yield following crimson clover. They 

suggest this is due to water stress from re-seeded crimson clover. 

In 1998, there were high temperatures, and no detectable rain for 83 days 

from July to September. Therefore, there was no or little dew at night, resulting in 

less than normal mold for this study. 

While harvest in 1999 did not result in differences in plant number, whole 

plant biomass, or yield, differences were evident in white mold incidence. Fallow, 

although it had the least plant biomass, had the greatest incidence of whole plant 

white mold. Fallow treatment was not different from MB, ARG, or MO. 

Predictably, RON had the lowest incidence and this was similar to SW. White mold 

on pods was similar to whole plant mold. Fallow had the greatest number of pods 

with white mold and was significantly different for all other treatments (Table 2.2). 

Sclerotia viability 

Sclerotia recovery was variable across all years. Number of viable sclerotia 

prior to bean planting in 1997 was significantly higher in ARG compared to MB 

and CV. After beans were harvested, recovery was greater with MO than F and BR. 

Tillage treatments had no effect on viability. The sacks removed before bean 

planting in 1998 had greater than 10 sclerotia recovered. This occurred in all 

treatments except F and BR. Although the number is slight, it suggests secondary 
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sclerotia formation. Sclerotia recovery in CV, MB, and MO treatments were 

significantly greater than F treatments. Following bean harvest, BR treatments had 

significantly greater recovery than ARG and MO. In both years, the number of 

sclerotia recovered after beans were approximately 10% of the initial inoculum 

(Figure 2.6). 

Cover crop discussion 

Comparing other treatments to the results of F was logical. Fallow 

treatments resulted in predicted yield and disease incidence. The large plants 

following F treatments had substantial canopies. Such canopies created a humid 

climate beneath the leaves that are optimal for mold development. A large canopy 

resists evaporation, causing the ground and leaves stay moist for longer time 

periods. 

We would have suspected beans following CV to have robust yields and a 

greater incidence of white mold. CV is an alternate host to Sclerotinia (Boland and 

Hall, 1994; Koike et al., 1997). Dillard and Grogan (1985) had an increase 

incidence of lettuce drop following vetch and had observed symptoms of 

Sclerotinia on both senescent debris and living tissue of purple vetch. Greater 

yields were expected on beans following CV because of the N released from cover 

crop residues (Skarphol et al., 1987). The low yield may have resulted because the 

common vetch cover crop was not adequately killed until the beans were one- 

month old. Masiunas (1997) found that glyphosate did not adequately kill hairy 
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vetch in a cover crop- snap bean- cabbage rotation trial. The vetch may have acted 

as a physical barrier to bean emergence and also may have competed for water. 

Beans after MO had healthy roots and a low incidence of white mold per 

whole plant. In contrast, the beans had a higher incidence of gray mold per whole 

plant. Also, MO treatment had low plant biomass and pod weight compared to the 

fallow plots. Nova (1995) found that MO could stunt the growth of the subsequent 

crop. Low white mold incidence may be due to low plant biomass. 

Annual ryegrass was used in this trial because it is often used in snap bean 

rotations on commercial farms (Kenagy, pers. comm.). Biomass of annual ryegrass 

was poor and similar to the biomass of broccoli. Bean yield following ARG, F, and 

BR treatments were similar. However, beans following ARG did not have the high 

white mold incidence of F and BR treatments. 

Beans following BR often resulted in yield, grade, and disease numbers 

comparable to F. Results from the BR treatments however, may not be valid. BR 

cover crops plots became very weedy in 1997. Broccoli had been broadcast; 

therefore, it was very difficult to cultivate because of the random planting. Zones 

surrounding buried sclerotia were weeded, so any chemical changes in the soil 

would be due to the BR rather than weeds. However, the rest of the plot remained 

weedy and may have affected white mold incidence. Weeds are a significant factor 

in the production of sclerotia (Adams and Ayres, 1979). In 1998, BR was 
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transplanted rather than broadcast, so it was easier to weed and maintain a 

homogenous plant population. Broccoli biomass remained poor, however, perhaps 

due to the high nitrogen needs of BR. 

Broccoli plots had poor cover crop biomass and many weeds perhaps 

because of early-season planting, low seeding rate, broadcast seeding, low 

fertilization, and weed competition. Fallow plots did not remain weed-free in 1997, 

so explaining results of beans after broccoli and fallow treatments was difficult. 

Broccoli was used because of the effect the production may have on soil 

fungal pathogens. Broccoli is effective at reducing the number of microsclerotia of 

Verticillium dahlia (Subbarao and Hubbard, 1996). However, the feasibility of 

using a high cost crop as a cover crop is unlikely. In addition, broccoli needs 

supplemental nitrogen. 
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Figure 2.4 Accumulative white mold ratings on whole plants from a subsample of 20 plants. Treatments with same letters are not 
significant. Each year was analyzed separately. 
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Figure 2.5 Number of pods infected with white mold from a subsample of 200 pods. Treatments with same letters are not 
significant. Each year analyzed separately. 



Statistical Plant Whole plant Pod Root White mold Gray mold White mold Gray mold 
analysis/year # biomass yield health rating rating pods pods 

1997 
Treatment ns 0.15 0.005 0.04 0.15 0.11 0.08 ns 

Tillage ns ns 0.03 ns ns ns ns ns 
Trtmrtill ns ns ns ns ns ns ns ns 

Block 0.14 ns ns 0.0001 0.05 0.11 0.05 0.02 
Block'trtmt ns 0.1 ns ns 0.11 ns ns 0.04 

Block*till ns ns ns ns ns ns ns 0.01 

1998 
Treatment ns 0.02 0.0003 ns 0.05 ns 0.06 0.03 

Tillage 0.007 0.05 0.07 ns ns ns ns ns 
Trtmtnill 0.11 ns ns ns 0.06 ns 0.09 0.08     ' 

Block 0.09 0.1 ns ns 0.0012 ns 0.0005 ns 
BlockMrtmt 0.01 ns ns 0.03 0.02 ns ns ns 
Block'till ns ns 0.12 ns ns ns 0.14 ns 

1999 
Treatment ns ns ns ns ns ns 0.03 ns 

Block 0.0072 0.0002 0.02 0.0001 0.0001 ns 0.07 ns 
Block*trtmt ns 0.03 ns 0.05 0.0014 ns ns ns 

Table 2.2 Harvest results for all years. Data analyzed using Fisher's Protected LSD ( Ramsey and Schafer, 1997); 
P<=0.01 = highly significant, p <= 0.05 = significant p<= 0.15 = suggestive. 
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Summary and Conclusions 

Cover crop residue reduces bean plant size. Because of the smaller plant, 

many conditions are not met for white mold development. All treatments had some 

amount of disease, but the CC treatments consistently had less than the F treatment. 

Although it does not appear that the reduced white mold in CC treatments is 

due to soil biology, future research on white mold suppression should incorporate 

cover cropping, tillage, and crop rotation. Many agricultural soils have been 

planted into cash crops for many years. Other than crop residue, little plant biomass 

is added to the soil. Changes in soil biology take time and these changes are 

difficult to observe over three years. Investigation of soil based cultural controls 

should enhance our understanding of the interactions of pathogens and predators 

within the soil. 
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Chapter 3 

Evaluation of Decision Making by Cannery Contracted Vegetable Row 
Crop Farmers 

Abstract 

In 1996,1997, and 1998, five growers from the southern region of the Willamette 

Valley, Oregon, cooperated on a project involving interviews and field research to assess 

snap bean growing practices and pest control. Though changes in cultural practices in snap 

bean production were expected, few were detected. 

Three interviews were completed in the spring of 1996, 1997, and 1998, with the 

first serving as a baseline interview. Growers were asked about farm size, pest control in 

snap beans. In addition, they rated severity of pests in snap beans from a scale of 1-5. 

Based on the response of growers, white mold was the most severe pest in snap beans. The 

second interview was in conversational format. In addition, growers were shown a 

relational diagram to rate impact on yield and white mold by certain variables. The third 

interview repeated some questions from the first interview in order to detect changes in 

growing practices. Incorporated into the project was a white mold scouting tool. The tool 

was designed to predict white mold disease pressure in a field. 
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No changes in snap bean farming practices were detected over the three years. 

However, impressions of disease pressure did change. Growers' concept in bean 

production problems shifted from angst about losing Ronilan fungicide to loss of personal 

control over farming practices. 
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Introduction 

Vegetable row crop growers conduct research on their farms by trying new 

techniques and reusing or modifying techniques. For this reason, growers can be 

considered important contributors to agricultural research. Years of working in the field 

have given them answers to many researchable questions. The growers interviewed by the 

author know what causes white mold in snap beans and which direction rows should be 

planted to dry the plants faster following irrigation. They know pockets in the field where 

mold occurs more than any other area. Growers know that beans with prostrate 

morphology are more susceptible to white mold because the plants are more leafy, viney, 

and cover the rows quicker than upright varieties. They know that when grass is cut around 

their farms, western 12 spot beetles "go for anything green" and find beans to be a suitable 

alternative. They often say intuition and experience provides evidence for management 

decisions. 

Although growers know the variables that affect white mold, there are instances 

where techniques may lead to more mold. The growers interviewed by the author are 

contracted by the cannery to grow certain varieties of snap beans on certain dates. Little 

room for change exists within guidelines imposed by canneries. 

Snap bean production uses various cultural practices (variety, fertilizer inputs, 

irrigation timing, within row and between row plant spacing, chemical sprays, crop 

rotation, row orientation, and tillage techniques) to optimize yield. The potential for white 

mold is partially dependent on the combination of cultural practices used to grow snap 

beans. 
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In November 1995, a grower meeting regarding integrated pest management in 

snap beans was held to discuss growing practices. The meeting involved growers, 

extension and university personnel, and chemical and cannery field representatives. A 

governing focus of the meeting was the potential loss of Ronilan (vinclozolin fungicides) 

fungicide. The common theme among growers was: If Ronilan was suddenly unavailable 

for use, then snap bean production could not be sustained as other control practices for 

white mold are less effective. This project was designed to follow the changes employed 

by growers in snap bean production when combating white mold. In addition to fungicide 

applications, the author anticipated that snap bean growers will investigate combined 

cultural practices as controls for a long-term prevention of white mold. 

The Oregon State University Extension Service modified a white mold-scouting 

model (McGrath, 1996) to aid in the prediction of disease pressure in a field. The scouting 

model helped quantify and predict mold risk in snap bean production fields. It assured 

interaction with farmers, field representatives, and extension personnel. 

I worked with five growers over three years to follow the growers' development in 

snap bean production. Combined was a series of interviews, the white mold scouting 

model, and frequent interactions with growers during the summer. 

Methods and Materials 

In 1996, seven growers contracted by Agripac Cannery were asked a series of 

questions regarding snap bean farming practices, attitudes of integrated pest management, 

and opinions on white mold control and prevention. Answering the questions required 
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dialogue and often resulted in additional information. During the first interview, 

growers were handed a note-card listing pests and levels of severity on a scale of 1-5. 

They were asked to rank severity amongst the listed pests, 5 being most severe and 1 

being least severe. The series of questions and note-cards served as the baseline 

interview for the next three years. Based on the growers' responses, white mold was 

the focus of this research project. All but two growers indicated that white mold was 

the number one pest in snap beans. 

The seven individuals were asked to be cooperators with the project for three 

years. In addition, because the growers interviewed rated white mold as the # 1 pest of 

snap beans, the white mold-scouting program became a part of the research project. The 

white mold scouting program was refined by Dan McGrath (1996) from models 

developed by Petzolt and Koplinka-Loehr (1990) and Stewart and Stevenson (1990). Of 

the seven growers, one chose not to participate, citing that he does not "micro-manage." 

Six growers in the Eugene-Coburg-Junction City region of the Willamette Valley 

remained as cooperators in year one, and five remained for the remainder of the project. 

In the spring of 1997, a second interview was administered in a conversational 

format. The process involved a large sheet of paper with a matrix of bean pest 

management practices. Growers were asked to read through and comment on what 

they were reading. Following that exercise, they were presented with a relational 

diagram of bean production (Figure 3.1), which summarized what they saw on the 

matrix. The author asked for feedback on the technique and different growing 

variables presented. Upon suggestion by one of the growers, the variables on the mind 



56 

map were rated on a scale of 1-5. The scale represented how much a given variable 

influenced yield and mold incidence. A value of 1= no influence, and 5 = very 

influential. 

The third interview in 1998, repeated some questions asked in the 1996 

interview. This interview was meant to identify any changes in growing practices. The 

last two interviews were tape-recorded. 

In winter 1999, a focus session with 4 of the 5 remaining growers concluded 

the data collection and acted as a debriefing for the scouting tool. Focus sessions are 

meetings that involve co-learning. Co-learning is a process where: 1) Everyone 

participates; 2) All ideas are treated with respect; and 3) The creative process is clearly 

separated from the decision-making process (McGrath et al., 1994; Checkland and 

Scholes, 1990). The interviews ranged from set questions to conversation format. In 

addition, I talked with growers in the field to obtain information ranging from 

irrigation to family life. 

Five growers were cooperators with the white mold scouting program through 

the completion of the project. Every year, they reported their planting schedule and 

location of the fields to be scouted. 
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Results and Discussion 

Based on farm size and acres of beans grown, growers who were interviewed 

and cooperated with the white mold scouting model were representative of the grower 

population in the Willamette Valley. Cooperating growers grew an average of 89 acres 

of beans ranging from 45 to 480 acres. The average farm size was 540 acres ranging 

from 100 to 1120 acres. Growers who responded to the survey in 1996 (McGrath and 

Kogan, 1996) grew an average of 86 acres of beans with an average farm size of 500 

acres. 

Baseline attitudes of the growers remained the same over the three years. 

Opinions of growers with regard to their impression of disease severity on their farms 

changed significantly over the three years, however (Tables 3.1 and 3.2). Although the 

number of growers interviewed by the author is low, the conclusions may be 

representative of the greater farming population. Data collected through the interviews 

reflect the response from a 1996 snap bean growers' survey (McGrath and Kogan, 

1996), where 64% of respondents found white and gray mold to be a moderate or 

greater problem. 

In 1996, 5 of 7 growers interviewed by the author rated the problem of white 

mold as greater than moderate severity. In 1998, only lof 4 growers interviewed rated 

white mold as a problem of greater than moderate severity. The same trend is apparent 

for gray mold. In 1996, 4 of 7 growers regarded gray mold with greater than moderate 

and, in 1998, 1 of 4. Vinclozolin has recently been registered, growers may feel less 
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anxiety as Vinclozolin availability is more certain. Vinclozolin in the most frequently 

used fungicide for white mold control (McGrath and Kogan, 1996). 

The cannery contracting the grower determines the variety of bean to be planted. 

The 1996 survey results indicate that, where the grower is given a susceptible variety to 

grow, he is likely to manipulate his irrigation or change field location depending on 

time of year or soil type. Over 40% of the respondents will alter their rotation within a 

field or manipulate irrigation timing on more than half of their fields. In contrast, only 

10% of the growers will plant certain varieties to reduce mold on more than half of their 

fields (Table 3.3). 
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Table 3.1 Pest severity impression ratios from seven growers interviewed in 1996 
and four growers surveyed during a focus session in 1998. (na) = "no answer." 
1996, n=7, 1998 n=4. 

5 4 3 2 1 
Most Moderate Least 

severe severity severe 
White mold 

1996 5:7 1:7 1:7 0:7 0:7 
1998 1:4 0:4 3:4 0:4 0:4 

Gray mold 
1996 3:7 1:7 1:7 2:7 1:7 
1998 1:4 0:4 2:4 1:4 1:4 

Root rot 
1996 na na na na na 
1998 0:4 1:4 1:4 1:4 1:4 

12 spot beetle 
1996 2:7 3:7 2:7 0:7 0:7 
1998 1:4 1:4 2:4 0:4 0:4 

Table 3.2 Disease impressions, in percent, of snap bean growers from Snap Bean 
Growers Survey-Winter 1996 (McGrath and Kogan). Sample number = 85. 

Disease Serious Moderate Slight Not a 
problem problem problem problem 

White mold* 20.0% 43.5% 34.1% 2.4% 

Grav mold* 22.4% 42.4% 31.8% 3.5% 

Root rot 4.7% 28.2% 51.8% 15.3% 

•Same fungicides used to control both molds. 
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Table 3.3 Frequency (percentage) of use of cultural methods in snap bean 
production. Data from snap bean growers survey-Winter 1996 (McGrath 
and Kogan). Number responding=85. (n) = number. 

None (n) Less/half (n) Half/more (n) Small trial 
(n) 

Alter rotation 35.3% (30) 18.8% (16) 43.5% (37) 0.0% (0) 

Irrigation cut- 
off timing 

31.8% (27) 22.4% (19) 42.4% (36) 1.2% (1) 

Specific 
varieties 

68.2% (58) 18.8% (16) 10.6% (9) 0.0% (0) 

Sample field 
for mold 

32.9% (28) 28.2% (24) 35.3% (30) 1.2% (1) 

Modify 
fertilizer rate 

64.7% (55) 15.3% (13) 12.9% (11) 3.5% (3) 
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Scouting Tool 

The effectiveness of the scouting tool had mixed results after the three-year trial 

period. The first year, fields were visited five times or more, the second and third years, 

four or less. With frequent field visits in 1996, we were able to follow the bean and white 

mold development closely and detect changes in field conditions, due to the witnessing of 

moisture events. In 1997, field visits were reduced to a maximum of 4. Conversations with 

growers were less frequent and plant development was too great to measure effectively 

between visits. The likelihood of missing critical variables in the scouting tool was great. 

By the third year however, the scouting tool had been revised and conditions for scouting 

were better understood. 

Growers found value in the scouting tool because it meant someone else was 

walking the fields. Therefore, the likelihood of finding problems such as a weed 

infestation or disease initiation was greater. Senior field representatives believed the 

scouting tool would be an effective training tool for new scouts. However, senior field 

representatives replied that they have established techniques based on experience. For 

instance, they check for mold under random plants while scouting for 12 spot beetle. They 

also objected to the additional paperwork required. 

The white mold scouting program rationalizes the decision-making process for the 

grower. The definition of rationality is best described as a decision process in which an 

individual evaluates outcomes of possible courses of action and chooses among them 

(English and Allison, 1993). The rationalist framework defines two opposing concepts of 

behavior: One is of humans as machines and the other, humans as the causal source of 
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their own behavior (Subbotsky, 1995). The white mold scouting model views humans as 

decision-making machines. When making a decision based on the results of the scouting 

model, growers would need to look away from intuition. 

The scouting tool can be seen as a metaphor for rationalistic thinking. Here 

scientific method is treated as a special tool enabling us to understand nature. Intuitive 

decisions are replaced with number-based decisions. Denes-Raj and Epstein (1994) 

mention that people process information in two different styles. One style is thought of as 

rational, analytical, deliberate, prepositional, and extensional. The other style is 

experiential, automatic, intuitive, narrative, and natural. The scouting model, although 

partially designed by growers' intuitive knowledge of the disease, removes the grower from 

his intuitive nature and places him into a mode of being deliberate, analytical, and rational. 

When a split second decision may be needed, a human as machine may be the best 

choice. However, the decision to spray or not to spray is determined over several days. 

Conclusions 

Although there was little change in actions and attitudes, the identification 

of pest pressure is telling. Every year there is a situation that is more pertinent than 

the last. Growers predict that in 2001, the concerns relating to government 

regulations, farmer survival, loss of personal control, larger orders, buyers, and 

equipment will be the "hot" issue. Mold will still exist, but there is continued hope 

for resistant varieties of beans and emergence of a powerful, new fungicide. 
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Chapter 4 

Conclusions 

Tillage regimes and cover cropping were evaluated for impacts on sclerotia 

degradation and white mold incidence on bean plants. Tillage did not influence 

mold incidence. However, cover cropping had an impact on disease incidence 

although not as predicted. It appears that cover cropping reduced bean plant size 

due to the binding of nutrients in the soil. In response, plants developed slower than 

plants in fallow and low cover crop biomass treatments. Because of the small plant 

size, less white mold developed. White mold will develop in areas with restricted 

airflow. A closed canopy, created by the larger plant, reduces airflow and retains 

soil and leaf moisture. All treatments had some amount of disease, but the grain 

CC treatments consistently had lesser incidence than F treatments. 

Sclerotia degradation was consistent throughout treatments. Sclerotia had 

little degradation within the first 7 weeks in the soil and nearly complete 

degradation after 15 weeks in the soil. The results of the sclerotia experiment were 

consistent with sclerotia longevity research. Previous research indicates that all but 

10% of buried sclerotia degrade within one year. 

In 1996, 1997, and 1998, five growers from the southern region of the Willamette 

Valley, Oregon cooperated on a project involving interviews and implementation of a 
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white mold scouting tool. Though changes in cultural practices for white mold control in 

snap bean production were expected, few were detected. In fact, ratings of disease severity 

changed. Due to the registration of vinclozolin fungicide, energy towards new white mold 

controls has subsided. In 1996, 5 of 7 growers interviewed by the author said white mold 

was the number one pest in snap beans. In 1998, however, only 1 of 4 growers indicated 

that level of severity. 

The white mold scouting model adapted by Dan McGrath of Oregon State 

University Extension, was a tool used to predict disease pressure in a field. Plant 

morphology, soil moisture, and apothecia discoveries would be rated to indicate disease 

pressure. Growers found the scouting tool to be advantageous because another person (the 

scout) would be looking for problems in the field. Growers did not find the tool effective, 

however, when the number of scouting visits was reduced. Field representatives indicated 

that the scouting tool would be effective as a training tool but not for experienced field 

representatives. In addition, the scouting tool would require additional paperwork and need 

to adapt from the western 12 spot beetle scouting techniques. 
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