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Six potato cultivars that differed in resistance to Verticillium wilt wers grown in
field plots under three different amounts of applied water in the presence or absence of
inoculm of Verticiilium dahlice. From emergence to vine kill, arnount of applied water
was veried by utlizing a line source rigation system. Amount of applicd water X
cultivar interaction was significard for severity of fohiar sensscense, a3 mieasured by
relative area under the senescence progress curve (RAUSPC). With a decrease in amount
of applied water, RAUSPC velues increased in five of the six culiivars, Percent huizuase
in RAUSPC values increased in five of the six cultivars. Percent increase in RAUSP(
values was 48 and 8% for cv Kateahdin compared to an average of 107 and 88%» for the
other cultivars when amount of applied water was decreased by 56 and 59% in 1996 and
1997, respectively. Inoculum density x cultivar interaction was aiso significant for
RAUSPC in four of the six cultivars. With an increase in inocuhum denstiy of V0 aufilize
from 0 to 50 or 0 to 100 CFU/g soil in 1996 and 1997, respectively the average increase

in RAUSPC values of the four susceptible cultivars was 32 and 24%. For cvs Katshdin

.Tﬁ"

and Ranger Russet, however, average percein increase in RAUSPC was 11 and 10%

19096 and 1997, respectively. Population size of V. daklice in stem apices of ¢v Kaehdin



in both years and Ranger Russet i 1997 was significantly lower than that of the other
four cultivars. The small population size correspoided with the low RAUSPC values.

In contrast, susceptibility to Verticillium wilt was associated with sensitivity to a mild
moisture deficit stress in Russet Burbank and Shepody as measured by RAU SPC. In
addition, apical stem populations of /. dahlice weee correspondingly larger in these
cultivars. Neither aerial biomass or tuber yield was affected by inoculum density ¢t V.
dahlige, but amount of applied water had significant effect on both variables. With a
decrease in amount of applied water, aerial biomass and yield of all tuber classes was
reduced. Lack of an effect of Verticillium on aerial biomass and tuber yield in both vears
was attributed to the relatively cool and short growing season. Resistance to Verticillivm
wiit of potato was related to tolerance to a season long miid moisture deficit siress.
Conversely, susceptibility to this disease was associated with sensitiviiy to a moisture

stress.
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Response of Potato Cultivars to Moisture eficit Stress and Verticillium dahliae

CHAPTER L

Introduction

Fungal vascular wilt pathogens cause disease 1 in cultivated crops and indigenous
plants throughout the temperate regions of the world. Agriculturally, many of these
fungal-caused diseases have emerged as significant factors since the onset and extensive
practice of monocultures. Currenily, many agronomic crops, primarily produets of
modern plant breeding, typically possess a narrower gene pool than that cf pre-
Mendellian crops. This type of agriculture is thought to contribute 1o many fungal
saprophytes and epiphytes becoming pathogenic. Crops with such genetic similarity, bred
fot purposes other than host defense mechanisms, have presumably allowed the few fung:
that becoine pathogenic by random mutation to proliferate in hig! 1 nuimbers, and tha
become epidemic (Green, 1531}

The focus of my thesis research is the response of potato cuhivars to the fungal
wilt pathogen Verticillium dahliae Kleb., the cansal agent of Verticiilium wilt of wany
plants, including cauliflower, cotton, eggplant, green ash, mapie, potatoes, and tomatoes.
My research is on the impact of soil moisture on the develoninent of Verticiiiium wilt in
several potato cultivars. Research has showz that in the cv Russet Burbank discase is
severe in wet soils and suppressed in dry soils. This relationship has been fine-tuned ard
incorporated into manageiaent strategies for Vertic itium wikt in the Columbia Basin of
the Pacific Northwest and the central sands of Wiscorsin. Based on this relationship, 1

wanted to assess whether the effects of moisture on diszase development held true in



other cultivars. With this information, ! could investigate whether a cultivar that is
tolerant to a moisture deficit stress is also resistant to Verticillium wilt. My primary
objective was to determine if resistance to Verticillium wilt and tolerance to moisture
deficit stress are related. The impiication for disease control is that tolerance to moisture
deficit stress could be used as & tael to screen potato germplasm for resistance to

Verticillium wilt.

to
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CHAPTER 2

Literature Review

Biclogy of Versicillium dakliae

The fungal wilt pathogen Verticillium dohlice, & widespread species of
Verticiillium, is responsible for losses in many trezs, ground covers, shrubs, vinss,
vegetable and field crops (Powelson and Rowe, 1963}, Globaily, fhis organisin is a
problem in many parts of western and eastern Europe, Austrakia. and the Pacific
Northwest, north central states, Florida and Califorma of the United States.

e

Verticillium dahliae survives in soil primarily as micrescleroiia, bt it alse

1.‘
W n

sutvives as clusters of byaline cells and various types of miycelivm fSchuzthorsy, 1981

H
wiated By 0*\55"»34

Because of the heterogeneity of resting struciures and ihieir 2z

Jdifferences, germination in a population of resting structures does rot owour

sinelianeously. but rather over time. Germnmation is stimujaied by roor exdidates o
host and nonhost plant species. Hyalinated and lightly pigmented peripherai cells of

microscierotia are thought to be the first to germinate, folowed by the mors higaly

melanized microsclerotia (Schreiber and Green, 1962). Oncg ..\Aun.i it o m QELuITE 4,

infectious hyphae directly penetrate the roots. Arcas of dilfereniiation, und possibly toot
hair zenes and epidermal tissues that have beep ruptured by i emargeree ol fataral roois
are points of infection (Garber, 1973). Once inside the root. the hvplae grow
interceliularly and intraceliularly through the cortex and ine endodzrrole umt they
penetrate the xylem. 1n the xylem, the fungus colomizes the vessel elemenis by producting

of conidia. Conidia are dispersed from one vessel o ancther through e pils fo aeriai



portions of the plant in the transpiration stream. I7 the spores become lodged, they ofiei
germinate, penetrate the obstruction, and praduce more spores (Garber, 1973).

Disease physiology. Cunue the xylem has neen colonized, conidia and mycelia
cause physical barriers to transpiration {low. Fungai metabolites such as polysaccharides
interfere with translocation as weli {Caroselly 1934} | ;»dn-‘yzm enzymes and growth
regulating compounds produced by the tungus aise may damage host cells. The
molecular weight of any such compeound intluences tiw process as weil: high molecular
weight compounds plug the xylem neazer the base of the prant, while low moiecolar
weight compounds are transported to the smaller vascular elemenis near the top of the

plant where they plug petioles and leat blades (Hodgaon, ¢ al., 1334
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Fuogal hydrolyiic enzymes

cell walls, releasing cell wall nonstituenis, or vessel wall ploces that can assist in pluggin

o
[

the water conducting elements. Damage to the pit membranes can be exiensive enaugh
to allow vessels te collapse. Fungai pactobytic ervymes end patyphenoloxidase release
phenolic substrates from the host tissues, resulting in vascular discolovation in the xylem
or roois, and dark melanin przments that accumulate inhost cells. Those pigments also
may be released into the xylem, contritating 1o vascular osclusion (Green, 1981),

Plant growth rcgu}axorb may confdribute to the pathogenesis of V. dakdize.
Verticillium-infected tomnato plants wore showa to aceumulate auxin, perhaps as a resuit
of hyperplasia of Xylem and pith parenchyime, which m nun may contribute to collapse of
xylem vessels (Pegg and Selman, 1959) Etiviens and inccle-acetic acid were implicated

in premature defoliation, activation of dormani buds, adventiticus reot feymation, and

epinasty associated with funga! wilt diseases {Green, 1981). Thersfore, wilting of th



[

host is ultimately a result of decreased solute mevement through the xylem due to rungal
propagules and/or host degradation products inhibiting transpiration, and/ot tv the
interaction of the V. dahliae with the host. Stomatal conductance and translocation of
photosynthates are thus compromised, and thus, host productivity is limited (Bowden and
Rouse, 1991).

\/ Symptoms. Visual symptoms of Verticillium wiit in annual crops usually begin

after colonization of the vascular tissue. Initial symptoms are foliar chlorosis, followed

by necrosis and finally, defoliation. Unilateral wil: is often a symptom when the fungus

is restricted to one side of the plant. This symptom is more noticeable in the early stages
o‘r in mild cases of the disease. @11er visual symptems include shortened intzrnodes and
reduced leaf development, resulting in stunted growth. Qverall, the symptoms are similay
to normal plant senescence; however, in Verticilliuvm-infected annua! plants, senescence
occurs prematurely, reducing yieids significantly (Powelsen and Rowe, 1993; Rowe, et
al., 1987). In perennial crops, such as clive ard maple trees, the disease can be highly
damaging. Over several years the disease may kill the plant (Schnathorst, 19%1).
Inoculum surviva! and dispersal. As the plant seunesces the fungus becomes
saprophytic and colonizes all the tissues of the plant. During ihis phase, microsclerotia
are produced on or within the host tissue. As the host dies and crop refuse is dispersed
iato the soil, the microsclerotia are reicased. Soil inhibitors impose dormancy, or,
fungistasis on these propagules. Survival of microsclerotia in the absence of a susceptible

host is dependent on this fungistasis (Schnathorst. 1981). Verticillium survives for many

years as microsclerotia or a parasite on living roots of weed hosts, volunteers and nonhost



plants (Schnathorst, 1981). Spread of V. dahlice is primarily by movement of infected

potato seed tubers, planting stock, plant debris, or infested soil (Rowe, et al., 1987).

Environmental Influcnces

Verticillium wilt is more of a probler in temperate compared to tropical regions
of the world. A general temperaiure range of 21-27 € will support disease caused by most
V. dahlige isolates, whereas temperatures of 28-30 C suppress disease development. Host
plants and Verticillium alike vary in their responses to soil moisture. \}é"rigatienv_ has an
affect on the pathogen by lowering soil temperatures and providing moisture for
infection. In seasons when the temperatures are cool, the transpiration rate is not
accelerated; thus, discase is not likely to be severe. However, if temperatures are higl
enough to increase transpiration, and soil temperatures are in the range of 21-27 €,
irrigation aliows more rapid traosport of conidia through the plan, accelerating disease.
Schnieder {1948) reportad that in V. dahliae wifected guyule, disease incidence was 77%
of the plants that were watered weekly; in plants that were irrigated every 2 o7 4 wh or
nonirrigated, disease incidence was 62, 42 or 8%, respectively. Leyendecker (5950}
obtained similar results in irrization studies with cotton. In potatces, Verticiflium wilt
was more severe under wet than dry soil conditions (Cappaert, et al., 1994; Havorkort, et
al., 1990). In a study on yeliow poplar. Morehart and Melehior (1580) determuned the
effect of extreme moisture conditions on expression of disease in saplings infected with
V. albo-atrum. When saplings were exposed to either periodic drought by withholding
water for 3-wk intervals or to high moisture by flooding, wilt was more severe in infected
trees stressed by low moisture than in trees subjected to fiooding. Incculated tree

exposed to the flood treatment remained symptomless. Furthermore, V. albo airum wes



not recovered from aerial portions of the trees sugaesting that the pathogen had not been
dispersed to the upper canopy. Morebart and Melchior (1980) suggested that flooding
negatively affected the virulence of Verzicillium while in the roots, thus preventing
disease development. Aerenchyma tissue may develop in response to low soil oxygen
that could prevent the transport of Ferticillium.

Because some symptoms of pathogen-induced water deficits and abiotic drought
stress are similar, research has been done to better understand the host, pathogen, and soil
moisture relationships of Verticillium wilt. The following examples, in particular, are key
works that explain why an understanding of these interactions is critical to disease
management. In a very extensive project, Nelson (1950) tested the reaction of peppermint
to various soil moisture levels in the presence of V. albo-arrum. In tank tests, soil
moisture maintainad at 80-85% field capacity either prevented infection, or the plants
were tolerant, harboring the pathogen, but exhibiting no symptoms, unless temperatures
reached 26-28 C. When the soil was saturated, nowever, severity of wilt increased. At the
other extreme, when soil was dried to 70% tield capacity, again infection and
development of wilt were enhanced. When tested in the field, the most severe disease
occurred when soil temperature was high (22-28), and moisture was medium to very high
{60-80% field capacity).

Pennypacker et al. (1991), explored the effect of abiotically induced drought on
alfalfa plants resistant to V. albo-girum. Her purpose was to assess whether drought
acclimation mechanisms might influence plant response to the combined pathogen and
drought stresses. By gradually intensifying drought, the plants would have a chance to

acclimate, which may influence the host response to the pathogen. Two resistant alfalfa



clones were evaluated for resistaiice to colonization by V. albo-atrum following three 2§
day growth periods. The first growth period was watered normally. The second and
third growth periods were well watered at the beginning, followed by a drying down of
the soil. Following the second growih period. the plants were watered, and colonization
by V. albo-atrum measured subsequenily. One clone showed a corresponding surgs in
vascular colonization by V. albo-atrum, whereas the other clone did not, alluding that
there are different resistance mechanisms to V. albo-atrum in these clones. When the
clones were droughted during the third growth period and re-watered, colenization was
suppressed in both clones.

In similar works, Haverkort et al. (1990) measured stomatal conduciance,
transpiration and net photosvnthesis on pctatoes infected with V. dakiiae to assess host
physiological responses to disease and moisture deficit stress. Measuring responses 1
the pathogen alone 1 mo post emergence, stomatal conductance, transpiration, and net
photosynthesis were decreased. Next, three droughi treatments were sngosed: 1) water
was withheld until the wilting point, 2) half the amount of transpired water was withiheid
from the time of treatment 1 to the end of the season, and 3) water was withheld for 4
days prior to measurements of physiclogical parameters. Drought treatinenss reduced
stomatal conductance, transpiration and photosynthesis. More iroportantly, an interaction
of pathogen and drought occurred such that 17 dakliae reduced transpiracion, and those
plants were affected less from the early season drovght, than plants drongired w the
absence of V. dahliue. These works demonstrate the compiexity of fungal wili pathogen,

host, and moisture interactions.



Control of Verticillium Wilt

¥actors contributing to the ditfficulty in controlling this disease are the pathogen’s
ability o tolerate dry conditions and antagouistic soil factors, the pretonged period of
time over which microsclerotia germinate and infzet a host, and e length of time
microsclerotia can survive i the 50il between ciopping seasons.

éhemical control. Verticillium wilt in potato 15 effectively contreiied by soil
fumigation with metam sodium or methy! bronmude-cnloropicrin {Davis, 15985; Erwin
1981). Their environmental impact, however, is not fully known, and other conteod
methods are currently being explored.

Cultural control. Culturai practices including cron rotation, plow down of green
manures, fertility, and timing and amount of apphed water have veen shown 1o be
eifective strategies for control of Verticiiilurm wilt in potaic. Crop rotation i eiiective i
rotations are long enough to reduce populations telow the ecotswic thresneld. T is
often not econcmically feasible, because nricrascleronia have bern Knowr fo survive oy
up to 16 yr. The plow-down of green manures has bean investigaied as one approach
reduce inoculum levels during non-crop vears. This technigue has had mixed results,
with some research showing reduction in disease severity following two or thiz
consecutive vears of a green manurs (Davis et al, 1996), whereas {appaert and
Powelson, {1997) have shewn no reduction in the disease. Incorporation o feooeot!
residue has been effective in reducing fwoculuim eveis of o dafiiar and supnressing
disease in cauliflower fields in California (Subbayao and Hubbard, 1996),

-

Adjustments in scheduling io irngation io mare the soi less conducive to discase

It

have proven successtul with the potato cultivar Busser Burbark (Cappacti et al., 1994},
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By imposing a mild drought between emergence and tuber initiation, severity of
Verticillium wilt was significantly reduced, and yvields were maintained.

Solarization reduced V. dicilice inocuium iovels with increased yields in potato
fields in Idaho and the effect lasiad for two cropping seasons (Davis and Sorensen, 1986).
To date, this method of disease conirol is not widcly used, but may have potential value
in the warmer potato producing regions of the werld.

Propane ﬂammg of mint and potato stubble is an effective tactic to reduce
inccutum of V. dahliae (Hardison, 1976). Burning of mint fields is practiced in Oregon
és one approach to managing wilt (McIntyre and Horner, 1972). In potato, however, it
took '3'-yr before inoculum levels were decreased enough to exert significant control;
theretore it is not considered an effective control method (Easton et al., 1975).

Host resistance. To date, ne commercial potato cuitivars are immune to this
disease. Cultivars that have moderate to high levals of resistance, such as Ranger Russet,
Reddale, Century Russet, and Katahdin, have been released (Corsini and Pavek, 1996;
Corsini, et al., 1985, Davis, 1985;). Transgeunic potato plants with genes inserted for

resistance to Verticillium wilt are currently being screened in the Pacific Northwest and

Wisconsin (Powelson, persoral communication).



CHAPTER 3.

Response of Six Potato Cultivars to
Amount of Applied Water and Verticillium dahliae

Meghan C. Arbogast, Mary L. Powelson, and Marlys R. Cappaert
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Verticillium wiit. caused by the soifborne tungus Ferticillium dahlice Kleb, 1s a
factor limiting potato production in both irrigated and nonirrigated production areas of
the world. The disease results in premature senescence of the foliage, the earlier the
onset of senescence, the greater the yield reduction. Yield losses of up to 567 have been
reported (Davis and Sorensen, 1983; Powelsen, 1979; Rowe and Riedel, 197¢).

This disease is controlled by soil fumigation, long term crop rotaiions, and
modification of cultural practices such as fertility (Davis and Everson, 1986) and
irrigation (Cappaert et al., 1994; Davis and Everson, 1986). Both soil solarization (Davis,
1935; Davis and Sorensen, 1986) and plow down of green manures (Davis et al., 1996)
have been reported to suppress this disease. A few resistant cultivars with market
acceptance have been released (Corsini and Pavek, 1996; Corsini et al, 1985; Corsini et
al., 1988: Davis, 1985).

Two environmental factors that influence the severity of Verticillium will are
temperature and moisture. When air temperatures are in the range optimum for
colonization of the vascular tissue by V. dahliae, disease can be severe (Franc] et ai.,
1990). The relationship between soil moisture status and disease severity in agroncrmic
and horticultural species, however, has been variable. For example, severity of wiit
symptoms has been associated with amount of applied water, frequency of wrigation, and
drought episodes. Cappaert et. al. (1992) working with potato, and Ei-Zik (1985) with
cottan. showed that with an increase in amount of applied water, disease severity was
incrcased. With guyule, disease was more severe under frequent versus less frequent

irrigations even though amount of applied water was the same at each irrigation event
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(Schnieder,1948). In contrast, the severity of Verticiilium wilt in maple was higher under
a constant soil moisture deficit stress than under optimum soil moisture conditions
(Caroselli, 1957). When mint was grown in scil at 70 compared to 85% field capacity,
disease ratings were higher (Nelson, 1950).

Early dying (Verticillium wilt) in potate cv Russet Burbank can be suppressed if
water is managed prior to tuber initiation (Cappaert et al., 1994). When waier was appiled
at 75% of estimated consumptive use (ECU) (mild moisture stress) prior to tuber
initiation the disease was significantly less severe compared to the 15G% ECU aod vields
were maintained (Cappaert et al., 1994). Studies on the effect of a range in soil moisture
levels on Verticillium wilt in other potato cultivars, however, are lacking. Based on the
response of ¢v Russet Burbank to a mild moisture stress, our working hypothesis is that
cultivars that are tolerant to a season long mild moisture deficit stress will be resistant to
Yeiticillium wilt. The objectives of our research were two fold: 1) to evaliare porzio
cultivars for reaction to a moisture deficit stress and Verticilitam wilt, and 2) to

determine if responses to a moisture deficit stress and Verticillium wilt are similar across

cultivars.

Materials and Methods

Field plots. Field plots were established at the Central Gregon Agriculiucal
Research Center in Crock County (941 m elevation; 90- to 100-day growing season:
Madras, fine-loamy, mixed, mesic, Xerollic Duragid, Aridisol) on 10 May 1996, and 14
May 1997. Treatments were six potato (Solanum tuberosum L.) culiivars, three amounts

of applied water, and two levels of V. dahliae inoculum. The experimental design was i
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split-plot randomized block with amount of applied water as the main plot and cultivar x
V. dahliae inoculum as subplots. Each factorial set of treatments was replicated six
times.

Inoculum production. Single spore isoiates of V. dahliae from symptomatic
potato plants collected from Umatilla County in 1593 were grown on potato dextrose
agar. The plates were flooded with sterile water, and 200 ul aliquots of the conidial
suspension were pipetted into tubes with 9 m} of Czapex Dox broth. The broth was
shaken in the dark at 22 C at 60 rpm for 48-72 hr. Rye grain was autoclaved for 40 min
and approximately 1 liter was placed in mushroom spawn bags (Northwest Mycological
Consultants, Corvallis, OR). Bags were closed. autociaved tor 80 min and cooled 10 22 C
in a laminar flow hood. One tube of the V' dahliae spore suspension was added to each
bag. The bags were closed with plastic zip ties, and stored in the dark at 22 C. The rye
grain was shaken every 2 days unti! most of the grain was covered with microscleretia of
V. dahliae. The colonized rye grain was spread on greenhouse benches, air-dried, and
then ground in a J. B. Hammermill. Inoculum density of V. dakliae was determined by
diluting the ground rye in sterile greenhouse soil, and plating the mixture onto Sorensen’s
modified NP-10 medium (Sorensen ¢t al., 1991) with an Anderson air sampler
(Butterfield and DeVay, 1977). Appropriate amounts of the colonized rye grain were
added to sterile greenhouse soil so that the resulting inocutum density in field plots would
be ~50 or 100 CFU/g of soil in 1996 and 1997, respectively.

Seed stock. Seed tubers were purchased from certified seed potato growers in the

United States. The cultivars, Katahdin, Ranger Russet, Red La Soda, Russet Burbank,
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Shepody, and Viking, represented a range in maturity, tuber quality, resistance to

Verticillium wilt, and drought tolerance (Table 1).

Table 1. Maturity class and reaction to drought and Verticillium wilt in six potato
cultivars.

Cultivar Maturity class  Drought reaction Verticillium wilt
reaction

Katahdin late Moderately tolerant®  resistant®

Ranger Russet ~ medium-late booe resistant*

Red La Soda early-medium®  sensitive* -

Russet Burbank late® sensitive moderately resistant *

Shepody medium-early®  sensitive® susceptible®

Viking medium® moderately tolerant®  susceptible®

*Mosley and Chase, 1993
® James, personal communication
¢ reaction not published

Plot establishment. Seed tubers were cut into seed pieces weighing 43 to 71 g.
Seed pieces were planted in plots of three 6.0 m long rows. Row width was 86 cm and
seed pieces were spaced 34 cm apart within the rows. Area between plots was planted to
Russet Burbank to avoid flooding. At planting, about 50 (1996) or 100 (1997) g aliquots
of V. dahliae inoculum were banded along side the seed pieces of the center row of the
Verticillium-infested plots.

Irrigation treatments were established with a line source irrigation system, so that
a moisture gradient was created perpendicular to the irrigation line. Plots were parallel to
the irrigation line and the center row of each plot was positioned at 2.3, 5.9,0or 9.6 m
from the line source. Amount of water applied to each distance was designed to supply

100, 75, or 50% estimated consumptive use (ECU). Irrigation was scheduled using crop

water use calculations based on weather data collected on site, and adjusted when visual



soil moisture observations indicated excessive seil dryvness or wetness. Percent
volumetric soil moisture was monitored weekly with a time-domain-reflectometer
(Soilmoisture Equipment Corp.. Santa Barbars, CA). and amount of applied water was
measured in catch cans after each irrigation and precipitation event.

Response variables. Dsta were collected on the center row of each plot. When
plants began showing foliar symptoms of chlorosis and necrosis, weekly assessments of
percent foliar senescence per plot were made on a scale of 0 to 100%. When all cultivars
had reached growth stage V, one stem from each plot in 1996 and three stems/plot in
1997 were harvested for aerial biomass determination. Samples were dried in ovens at
approximately 100 C and then weighed. In addition, the top 1€ cm of three (1996) and
10 (1997) plants were randomly collected from each plot. Leaves were removed; the
remaining stem pieces were dried at 22 C for 3 mo and ground in a Wiley mill (mesh
#20). The ground stems were plated with an Anderson Air Sampler (Butterfield and
DeVay, 1977) onto Sorenser’s Modified Ni*- 10 medium (Sorensen et al., 1991) at 0.04 g
per plate. Plates were incubated in the dark at 22 C for 7-14 days. The agar surface was
rinsed under tap water and colonies of V. dahliae were counted with a stereomicroscope.

The center row of each plot was harvested by machine. Tubers were weighed and
graded into yield components of U.S. No. 1’s (<113 g, 113-170 g, 171-340 g, and >340
g), No. 2’s and culls. Marketable tuber weight was calculated as the mean total weight
per treatment minus the No. 2°s and culls.

Data analysis. Degree-days after planting (DDAP, base=12.8 C ) was calculated
by the methods of Baskerville and Emin {1969). Foliar senescence progress curves were

generated based on mean percent senescence per ireativent. Area under the senescence



progress curve was calculated (Shaner and Finney, 1977) and the value divided by the
number of degree-days over the senescence period. to generate the relative area under the
progress curve (RAUSPC). This calculation adjusted for differences in maturity class.
Values for aerial biomass and apical stem pepulations were natural logarithm
transformed before analysis. Biomass. RAUSPC, apical populations, and graded tuber
yield treatment means were analyzed by the general linear models (GLM) procedure by
SAS, version 6.12 (SAS Inst., Cary, NC). To account for non-random assignment of
irrigation treatments, the error term designated for the irrigation effect was
block*irrigation. The Huyn-Feldt tests of sphericity were used to test the hypothesis that
the irrigation treatments were not correlated and had equal variance. If the error term of
the irrigation treatment main effect was greater than the error term of the block*irrigation
treatment, a simple model was applied, and irrigation main effects were allowed.

Treatment means were separated by Fishers protected least significant difference test.

Irrigation treatments. Irrigation treatments were initiated 143 and 171 DDAP in
1996 and 1997, respectively. Total amoant of applied water for the season (irrigation
plus precipitation) at 2.3, 5.9, and 9.6 m from the irrigation line was 61, 44, and 27 cm
and 41, 31 and 17 cm in 1996 and 1997, respectively (Fig 1). Amount of applied water
per irrigation event averaged 2.9, 1.9, and 1.2 em and 1.9, 1.4, and 0.7 em for each
distance in 1996 and 1997, respectively. Average percent volumetric soil water within 24
hr of irrigation at 2.3, 5.9, and 9.6 m was 18, 11, and 4%, and 18, 12, and 6% in 1996 and
1997, respectively (Fig. 2). Plots furthest from the orrigation line averaged <10%

volumetric soil water in both seasons. The permanent wilting point for a sandy-loam soil



is 10% (Kramer, 1983a); therefore. a nilld moisture-deficit stress was achieved in the

plots furthest from the line source.

70 A irrigation

60 - BB precipitation
E 50 ]/
S 20 |
5 % | //2 é
§ 70 B ;
E 60
§ 50 - |
S 40 - _ 77
i 1 7 7
10 - %
= o6 59 23

Distance from line source

Fig. 1. Cumulative amount of applied water at three distances from an irrigation line
source in A, 1996 and B, 1997. Amount of applied water was based on estimated
consumptive use of potato. Bar segments indicate the total amount of water applied
during the season and the portion that came from rain.
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Fig. 2. Percent volumetric soil water measured 2t each of three treatment distances from an
irrigation line source for six blocks in A, 1296 and B, 1997. Percent volumetric soil water
was measured to a depth of 15 cm with a time-domain-reflectometer.

Foliar senescence. Amount of applied water x cultivar interactions were
significant for RAUSPC in both 1996 (P=0.0009) and 1997 (P=0.0194) (Fig 3). In
1996, a decrease in amount of appiied water had no effect on foliar senescence in cv
Katahdin, but resulted in an overall increase in RAUSPC in the other five cultivars.
Increases in RAUSPC ranged from 40 to 80% and 65 to 135% when amount of applied
water was reduced from 61 to 44 cm (28%) and frowm 61 to 27 cm (56%). In 1997, a 24%
reduction in amount of applied water had no effect on RAUSPC for cv Katahdin, Viking,
and Ranger Russet, but had a significant effect on the other cultivars. The increase in

RAUSPC ranged from 23 to 55% when amount of applied water was reduced from 41 to
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31 (24%). When applied water was decreased by 59% (41 to 17 cm), RAUSPC was

increased by 38 to 153% in all cultivars but Katahdin.
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Fig. 3. Amount of applied water x cultivar interactions on relative area under the
senescence progress curve (RAUSPC) of potato in A, 1996 and B, 1997. Within cultivar,
bars with the same letter did not differ significanily according to Fisher’s protected least
significant difference (LSD) test (P<0.05). Amount of applied water x cultivar
interaction for A, P=0.0090 and B, P=0.0194.

Foliar senescence was significantly affected by an interaction between cultivar
and inoculum density of V. dahliae (P=0.0194 and P= 0.0033 in 1996 and 1997,
respectively)(Fig 4). Cvs Katahdin and Ranger Russet were resistant and cvs Russet

Burbank and Shepody were susceptible to Verticillium wilt as measured by RAUSPC.

RAUSPC values were 44 and 31% higher in 1996 (P=0.0001 and P=0.0244) and 61 and
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19% in 1997 than they were in: mni::xfcsted nlots {2=0.0001 and P=0.0244), respectively.
Response of cvs Red La Soda and ‘:/ iking was inconsistent across years. In 1996, Viking
was not significantly affected by inoculum density. In contrast, in 1997 inoculum
increased RAUSPC values significantly (P=1.0113) by 19%. Incv Red La Soda, the
RAUSPC value was 42% greaier {P=0.0014) in the presence of V. dahliae inoculum in

1996, but was not affected by inoculum in 1997.
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Fig. 4. Inoculum density of Verticillium dahliae x cultivar interactions on relative area
under the senescence progress curve (RAUSPC) of potato in A, 1996 and B, 1997.
Within cultivar, bars with the same letter did not differ significantly according to Fisher’s
protected least significant difference (LSD} test (£<0.05). Inoculum density of
Verticillium dahliae x cultivar interactions for A, P=0.0090 and B, P=0.0194.

Aerial biomass. With a decrease in amount of applied water, aerial biomass was

significantly reduced in all cultivars in both years (P=0.0001 and P=0.0001, 1996 and



Table 2. Aerial biomass of six potato cultivars grown under three amounts of applied water across two inoculum densities of
Verticillium dahliae in 1996 and 1997.

Cultivars
Katahdin Ranger Russet Red La Soda Russet Burbank Shepody Viking
1996 1997 1996 1997 1996 1997 1996 1997 1996 1997 1996 1997

Irrigation
treatment® ‘

Low 2.94%° 3.48a 2.89a 3.14a 2.58a 2.74a 2.02a 2.86a 3.04a 2.96a 2.5%a 3.10a

Medium  3.36 ab 3950 355b 3.45ab 3.02ab 3.30b 2.68b 3.54b 3.39b 3370 3270 346 b

High 395D 4.11b 393b 3720 328 b 381 ¢ 329 ¢ 395 ¢ 3950 391 ¢ 3470 393 ¢

7 Water was applied by a line source irrigation system. For the low, medium, and high amount of water treatments, a total of 27, 44, or 61 cm and 17, 31, or 41
cm of water was applied in 1996 and 1997, respectively.

® Values presented are In aerial biomass (g) at growth stage V.

° Within year, values with the same letter did not differ significantly according to Fischer’s protected least significant difference (LSD) test (P<0.05)

[44



1997, respectively) (Table 2). Aciial biomass was reduced by 36 and 62% {1996) and 33
and 58% (1997) when amount of appiied water was decreased from 61 to 44 orto 27 cm,
and from 44 to 33 or to 17 cm, in 1966 and 1997, respectively. Inoculum density of V.
dahliae resulted in a significant (7=0.0262) decrease (11%) in aerial biomass in 1997, but
had no effect in 1996.

Apical stem assay. V. dahliae was recovered from stem apices in all cultivars
grown in infested soil. Cultivars differed, however, in populgt,iﬂn size recovered in 1996
(P=0.0001) and 1997 (P=0.0001) (Table 3). In 1996, cv Katahdin bad a significantly
lower population than all other cultivars. In 1997, amount of ¥ dahiiae recovered {rom
the stem apices was significantly lower in cvs Kutahdin and Ranger Russet compared to
the other cultivars.

Table 3. Population size (CFU/g) of Ferticitlium dahliae in stem apices of

six potato cultivars grown in Verriciiliusm wnfested soil across three amounts
of applied water in 1996 and 1997.

Cultivar 1996° 19672
Katahdin 2.52° 3.8a
Ranger Russet 51 b 38 a
Red La Soda 5.5 bhe 64 c¢
Russet Burbank 5.7 be 3.7 be
Shepody 68 ¢ 59 be
Viking 56 ke 51 b

® Values are In CFU/g stem apices.
® Within year, values with the same letter did not differ significantly according to Fisher’s
protected least significant difference (LSD) test (£<0.05).

Graded tuber yicid. Amount of applied water had 2 major impact on tuber yield

components. There were significant interactions of cultivar x amount of applied water

for size classes <113 g and 171-340 g in both 1996 and 1997 (Fig 5). Cultivar differences
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within these interactions, however, varied between years. The overall effect was that in

the driest plots, yields of smalier tubers (<179 g) were higher than in wetter plots, and as

the amount of applied water increased, yields of tubers greater than 170 g increased.

Main effects of cultivar and amount of applied water were significant for marketable

tubers (combined yield compenents of 113-176, 171-340, and >340 g tubers) (Table 4),

but there were no interactions influencing this response variable. Inoculum density of
‘erticillium had no effect on marketable yield.

The water x cultivar interaction for non-marketable tubers (culls plus <113 g) was
significant in both 1996 (P=0.0002) and 1997 (P=0.0165) (Fig. 6). With a decrease in
amount of applied water yield of this class did not change for ¢vs Katahdin and Ranger
Russet. Culy in 1996 was there a significant (P=0.0004) decrease (29%) in non-

marketable tubers in the F. dahliae infested plots.



Fig. 5. Amount of applied water x cultivar interactions on tuber yield components of
potato in A, 1996, <113 g; B, 1996, 114-170 g; C, 1996, 171-340 g; D, 1996, >340 g; E,
1997, <113 g; F, 1997, 114-170 g; G, 1997, 171-340 g; and H, 1997, >340 g. Within
cultivars, bars with the same letier did not differ significantly according the Fisher’s
protected least significant difference (LSD) test P=0.05. Amount of applied water x
cultivar interaciion for A, 1996 P=(0.0025; B. 1994 P=0.0201; C, 1996 P=0.0052; D,
1996 P=0.0016; E, 1997 P=0.0011; F, 1997 P=0.2069; G, 1997 P=0.0016; and H, 1697
P=0.1356.
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Table 4. Yield of marketable tubers of six potato cultivars grown under three amounts of applied water across two inoculum densities
of Verticillium dahliae 1996 and 1997.

Cultivars
Katahdin Ranger Russet Red La Soda Russet Burbank Shepody Viking
1996 1997 1996 1997 1996 1997 1996 1997 1996 1997 1996 1997
Irrigation
treatment
Low? 7.6%° 13.3a 5.7a 7.6a 7.5a 12.3a 4.5a 10.1a 6.1a 11.0a 6.4a 10.2a
Medium  153b 20.2b 12.5b 153b 173b 19.7b 123 b 19.6 b 11.7b 17.5b 150 b 16.6 b
High 189 ¢ 253 ¢ 159 ¢ 189 ¢ 18.5 ¢ 242 ¢ 13.6b 214b 16.0 ¢ 227 ¢ 136 b 213 ¢

a Water was applied by a line source irrigation system. A total of 27, 44, or 61 cm and 17, 31, or 41 cm of water was applied in 1996 and 1997, respectively.

® Values presented are kg/plot.
¢ Within year, values with the same letter did not differ significantly according to Fischer’s protected least significant difference (LSD) test (P<0.05)
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Fig. 6. Amount of applied water x cultivar interactions on nonmarketable tuber yield of
potato in A, 1996 and B, 1997. Within cultivars, bars with the same letter did not differ
significantly according the Fisher’s protected least significant difference (LSD) test
(P<0.05). Amount of applied water x cultivar interaction for A, P=0.0002 and B,
P=0.016
Discussion

Severity of foliar senescence due to a moisture deficit stress paralleled that
associated with V. dahliae in four of the six potato cultivars. Based on amount of foliar
senescence, tolerance to a mild moisture deficit stress was associated with resistance to
Verticillium wilt in cv Katahdin. Cv Ranger Russet was also resistant to Verticillium

wilt, but more sensitive to moisture stress than cv Katahdin. In contrast, significant

increases in foliar senescence developed in response to a mild moisture deficit stress and
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to inoculum of V. dahliae in cvs Russat Burbank and Shepody. Populations of V. dahliae
recovered from the stem apices were small i cvs Ranger Russet and Katahdin and large
in Shepody and Russet Burbank.

A ‘mild moisture deficit stress’ is distinguished from ‘drought’ in that the former
is imposed by applying water in amounts that are detrimental to plant health and
performance, but frequently encugh that some soil moisture is maintained throughout the
season (Kramer, 1983b). In contrast, ‘drought’ is an absence of irrigation or rainfall for a
period of time long erough to resuit in soil water depletion to levels that severely restrict
plant growth and health (Kramer, 1983c). Soils may then be watered to return soil
moisture to normal agronomic ievels. This cycle may be repeated a number of times, with
each event termed a ‘drought episode’. In our study, irrigation frequency and duration
were the same for the three moisture treafmerts; however, each treatment received a
different amount of water, depending upon the distance from the irrigation line.
Therefore, a consistent, mild moisture deficit stress was created at the farthest distance
from the irrigation line. In this treatment, the average percent volumetric soil water
approximately 24 hr post irrigation was 4 and 6% in 1996 and 1997, respectively. These
values are below the 10% volumetric soil water designated as the permanent wilting point
for a sandy loam soil (Kramer, 1983a). The percent volumetric soil at 15 cm may be
slightly lower than that which the potato root actuaily reaches, which could explain why
in the driest plots, growth still occarred.

There was no cultivar x amount of applied water x inoculum density interaction
for foliar senescence. Had there been, some cuitivars would have had more severe

disease than others when grown in wet soils in the presence of Verticillium. Likewise,
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some cultivars could have had more severe foliar senescence than others when grown in
dry soils in the presence of Verticiliium. As it were, a mild soil moisture deficit stress
had no direct effect on severity of Vesticillium wilt. This is in contrast to earlier studies
by Cappaert et al. (1992, 1994) which showed that Verticillium wilt was favored by moist
soils. This disparity may be attributed by differences in both methodology and
environmental conditions. In her studies, irrigation frequency differed among treatments;
i.e., the wettest treatments (150 or 200% ECU) were delivered two or four times as often
as the moderate (100% ECU) and dry treatments (50% ECU), respectively. Each
irrigation event, however, delivered the same amount of water. A second reason was the
difference between irrigation freatments. Our wettest treatment was designed to equal
100% ECU of the plant whereas 100% ECU or 150 or 200% ECU, respectively, were the
moderate and excessive treatments in the Cappaert studies. It is the excessive treatment
that resulted in more disease. Had we applied water at these higher amounts, disease may
have been proportionately higher than what occurred in the treatments we applied.

Excess moisture may enhance germination of microsclerotia, and also wetter soils may
promote shallow root growth, where Verticillium inoculum is more concentrated. These
factors may explain, in part, why foliar senescence was less severe at the high compared
to the low amount of applied water in our study.

Environmental conditions in Madras were not very favorable for severe disease
expression. The minimum and maximum temperature range for August was 10.6-29.8 C
and 11.7-29.7 C for 1996 and 1997, respectively (Table 5), slightly lower than the
optimum maximum temperature (21-27 C) for Verticillium wilt (Schnathorst 1981). In

addition, the degree-days after planting (DDAP) reached only 742 and 664 in 1996 and
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1997, respectively. Disease severity is not accelerated until after 800 DDAP (Cappaert et

al. 1994), an amount that was not reach in this study. The length of the growing season

in Central Oregon is only 90-100 days. compared to 180 days in the Columbia Basin of

Oregon and Washington, where Verticillium wilt can be a serious problem.

Table 5. Mean maximum and minimum daily and average monthly temperatures for

Madras in 1996 and 1997.

1996 1997
mean daily mean daily mean meandaily meandaily mean
max min max min

May 17.8 53 11.6 222 7.7 15.0
June 24.2 6.6 15.4 223 7.2 14.8
July 31.2 11.3 21.2 28.5 9.8 19.1
August 29.8 10.6 20.2 29.7 11.7 20.7
September 23.7 7.2 15.4 28.8 12.3 204
Seasonal average 26.1 8.5 17.3 26.2 93 17.7

At all moisture levels, V. dahliae accelerated foliar senescence. Under the season

long mild moisture deficit stress, however, it was difficult to visually separate the effect

of treatment ( Verticillium or moisture deficit) on vine death. Therefore, the apical stem

assay was used to determine if senescence was due to Verticillium or moisture stress

When Verticillium is the cause of premature senescence, populations of the fungus are

high in the stem apices (Davis et al., 1983). Populations of V- dahliae recovered from

stem apices of cv Katahdin were significantly lower than all other cultivars except cv

Ranger Russet in 1997. Both cvs Shepody and Russet had large apical populations of V.

dahliae in both years. In a study by Davis et al. {1994), populations of V. dahliae reached

525 CFU/g tissue in cv Russet Burbank before a correlation between disease incidence

and populations were significant. In our study, populations of V. dahliae in Russet
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Burbank reached 285 and 299 CFU/g i 1996 and 1997, respectively. Infection rate by V.
dahliae may have been too low to cause a yield reduction. The low ‘infection rate’ may
be due, in part, to the method of seii infestaticp. Incculum was applied to the furrow at
planting with a fertilizer belt. Inoculum was undnubiedly concentrated near the seed
piece. As the roots grew beyond the furrow, the siew root growth would not have come in
contact with the inoculum. In other studies (Davis and Sorensen, 1986; Kotcon et al.,
1984; Nnodu and Harrison, 1979), the soil was naturally infested with V. dahliae;
therefore, microsclerotia were more evenly distributed throughout the soil profile. In
microplot studies by Cappaert et al. (1992, 1994), soil infestation was achieved by mixing
soil with the pathogen in a ceient mixer, assuring 2ven distributicen of iroculum.

Aerial biomass at growth stage V was reduced by siniilar amounts in all cultivars
when amount of applied water was reduced in both years. It has been shown that drought
resistance of a cultivar and total dry matter production are not strongly related (Bodlander
et al., 1986). A significant decreass in aerial bicmass across cultivar and irrigation
treatments in 1997 alone was associated with V. dunliae infestation. This is likely due to
the two-fold higher inoculum density in 1997 compared to 1996.

Analysis of the yield components indicated that these cultivars did not respond
differentially to either moisture deficit stress or V. dahliae inoculum. A decrease in
amount of applied water resulted in an increase in yield of U.S. No. I’s<170 g and a
decrease in U.S. No. 1’s weighing >17C g. This is probably due to insufficient water
during the tuber bulking phase. Aithough interactions of cultivar and amount of applied
water were significant in some size classes in both years, the interactions were

inconsistent from year to year. in 1957, V. daklize was associated with a decrease in
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U.S. No. 1’s weighing >340g. This reductior: in vield of large tubers has been previously
reported in the presence of V. dufiiae alone as well as the presence of both V. dahliae and
the root lesion nematode Pratylerchus penetrans {Botseas and Rowe, 1994). In that same
study, higher yields of small sized tubers occurred as well, suggesting that infected plants
set more tubers than healthy plants, but most of these remained small and diverted
phytosynthates from the larger tubers. In our study, there were no significant main effect
interactions on marketable tuber yield. As with foliar senescence, temperatures in
Madras were not high enough to allow the Verticillium to impact yield. Rowe ¢t al,
(1985) reported significant yield reductions due to Verticillium wilt only when the
average July-August teroperature was 24 C, and little effect on tuber yield when the
average July-August temperature was 20 C. Therefore, temperatures were not warm
enough to cause yield reductions in the presence of Verticillium wilt.

In general, potato plants ase sensitive to moisture deficits due primarily to their
relatively shallow root system. Physiclogical responses of potato to water deficits may
include reduced rate of photosynthesis, reduced canopy expansion, premature senescence
(Jeffries and Mackerron, 1993), decreased host water potential (Kirkham and Crion,
1990), reduced yield, reduced tuber dry matter accumulation, and diminished externai
quality of tubers (Levy, 1985; van Loon, 1981). With reduced plant canopy exparnsion,
soil temperature increases, and evapo-transpiration rates may increase.

The physiclogical aspects of tolerance 1o moisture deficit stress iu potato have
been investigated (Coleman, 1986). Cultivars that are reportedly drought tolerant may
have one to several features such as greater leaf water retention, more epicuticular wax,

higher desiccation tolerance, greater root depth and extension, and greater stomatal
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number, size and resistance. The sum of the factors unique to a given cultivar, however,
is likely the determinant of cultivar differences in reaction to water stress. For example,
Epstien and Grant (1973) deterrnined leaf diffusion resistance under conditions of water
stress for cvs Russet Burbank and Katahdin. Stomatal diffusion resistance of ¢v Russet
Burbank was two to three times greater than that of cv Katahdin, suggesting cv Russet
Burbank was better able to maintain its water levels; the difference in relative water
content of the two cultivars, however, was small. Necas (1974) showed that there are
varietal differences in osmotic values of the cell sap at decreasing leaf water potentials.
Mechanisms that contribute to cultivar responses to moisture stress may occur at the root
level. Davies and Zhang (1991) showed that plants in unwatered soil exhibited low
conductance when their shoot water potentials were high, suggesting that plants sense the
availability of water in the soil. Chemicals such as abscisic acid conveyed from roots to
shoots in response to small changes in turgor, volume, or pressure on membrancs of only
a few toots may regulate stomaial behaviour, affecting leaf gas exchange in some plants
(Davies and Zhang, 1991). Ifthe response of potato to available soil water is initiated at
the root, as it is to Verticillium, the responses to both stresses may be similar. If a potato
cultivar has mechanisms at the root to tolerate a mild moisture deficit stress, then some of
these same mechanisms may be responsible for resisting infection to V. dahliae.

We established a link between tolerance tc moisture deficit stress and resistance
to Verticiliium wilt in potato. Based on amount of foliar senescence and population size
of V. dahlige in the stem apices, cv Katahdin was classified as both tolerant to moisture
deficit stress and resistant to Verticiilium wilt. Based on RAUSPC values, cv Ranger

Russet was less tolerant to moisture deficit stress than cv Katahdin, but it was more
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tolerant than the other four cultivars in 1996, and was resistant to V. dahliae in both
years. In contrast, sensitivity tc a moisture deficit siress corresponded to susceptibility to
Verticillium wilt in cvs Russet Burbank and Shepody. Cvs Viking and Red La Soda were
sensitive to a moisture deficit stress, and susceptible to Verticillium wilt in terms of
apical stem populations, and although foliar senescence for these two cultivars were not
significantly increased both years, cv Viking is reportedly susceptible to Verticillium
wilt. These results suggest that this relationship may eventuaily be useful as a
germplasm-screening tool. Since traditional screening for resistance to Verticiliium
involves growing potential germplasm in infested soil, (Corsini, 1988) using meisture
deficit stress as the screening technique, one could shorten the screening precess and

make it simpler by avoiding either having to infest a field or menitor one that is intested.
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CHAPTER 4.

Summary

In conclusion, the results of this study indicate there is a relationship between a
potato cultivar’s response to moisture deficit stress and Verticillium wili. Based on these
findings, the possibility arises that this relationship raay occur in other host-parssite
interactions involving wilt pathogens. The possibility of exploiting this relationship may
be in the future of modern agriculture, and the impact of reduced use of chemicals and
water would benefit all.

The lack of a Verticillium associated vield reduction in this study suggests that
other responses be measured as indicators of plant stress. Changes in physiological
parameters such as storuatal conductance an i {ranspiration rates could be measured as
they are also indicators of stress.

If I were to pursue our hypothesis further, I would propose conducting the
research in a location with a longer growing season, nigher average temperatures, and on
ground with history of Verticillium wilt. Moisture treatments would be of two types: 1) a
season long moisture deficit stress, and 2) repeated drought episodes. Cultivars of each
maturity class would be grouped into separate experiments o clininate the need to adjust
area under the senescence progress curves. Soil moisture would be monitored with the
use of instrumentation that is placed in tie plots for the entire season and recorded every
hour. In addition to tuber yield, specific gravity measurements would be made 0

determine if the quality parameters would be influenced by water and disease. Perhaps



with these adjustments, variance within treatinents may be reduced, and results may be

more conclusive.
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Table 1.1 Aerial biomass for six potato cultivars grown under three amounts of applied
water and two inoculum densities of Verticiliium dahliae in 1996 and 1997.

1996 1997

Katahdin*

Irrigation treatment - V. dahliae® + V. dahliae P - V. dahliae  + V. dahlige Pe
1¢ 4.33° 3.57 0.0256 4.22 4.00 0.3470
2 3.27 3.4 0.5982 396 3.95 0.9515
3 2.87 3.00 0.6953 3.25 3.72 0.0431
P 0.0001 1.2095 0.0001 0.4267

Ranger Russet

Irrigation treatment - V. dahliae _+ V. dahliae P - V. dahliae  + V. dahlice P
1 4.00 3.86 0.6836 3.93 3.51 0.0729
2 3.61 3.49 0.7272 3.51 3.39 0.6207
3 3.14 2.64 0.1388 3.27 3.02 0.2822
P 0.0405 0.0013 0.0172 0.0885

Red La Soda

Irrigation treatment - V. dahliae  + V. dahliae P - V. dahlize + V. dahliae p
1 3.57 2.99 0.0846 3.72 390 0.4193
2 3.18 2.86 0.3542 3.30 335t 0.9431
3 2.61 2.56 0.8746 2.9i 2.58 0.1648
P 0.0182 0.4249 0.0027 0.0001

Russet Burbank

irrigation treatment - V. dahliae  + V. dahliae P - V. dahliae + V. dahlice P
1 3.25 3.33 0.8186 423 3.68 0.0176
2 2.93 242 0.1323 3.68 3.39 0.2104
3 1.98 2.06 0.5248 2.95 2.76 0.4324
P 0.0007 0.0007 0.0601 0.0004

Shepody

Irrigation treatment - V. dahliae  + V. dahliae p - V. dahliae + V. dahlice P
1 3.82 4.08 0.4432 3.77 4.05 0.2275
2 3.38 3.41 0.9254 3.52 3.23 0.2106
3 2.76 3.32 0.0961 3.01 2.91 0.6883
P 0.0075 0.0499 4.0039 0.0001

Viking

Irrigation treatment - V. dahliae _ + V. dahiice P - V. dahliae -+ V. dahiiae P

3.54 3.39 0.6465 3.92 3.95 0.909i

2 3.42 3.10 0.3356 3.74 3.18 0.0170
3 2.37 2.80 0.2056 3.04 3.16 0.5952
P 0.0009 0.2235 0.0004 (.0008

®Each matrix reports results adding inoculum from left to right and decreasing amount of applied water
from top to bottom for each cuitivar.

®Population levels of V. dahliae after soil infestation: - = 0, + = ~30 (1996) or ~100 (1997) CFU/g soil.
°P denotes linear trend significance level, based on differences between means for the change in one
variable while holding the other variable constant

4 Cumulative amount of applied water in 1996 and 1997 for treatments 1, 2, and 3 = 61, 44, or 27 cm, and
41, 31, or 17 cm, respectively.

“Each value represents the means of the In aerial biomass.
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Table 1.2. Aerial biomass for six potato cultivars grown under two inoculum densities of
Verticillium dahliae across three amounts of applied water in 1996 and 1997.

1996 1997

Cultivar - V. dahiiae + V. dahlice P - V. dahliae  + V. dahliae P

Katahdin 349 3.34 0.4429 3.81 3.89 0.5513
Ranger Russet 3.58 3.33 0.1965 3.57 3.31 0.0533
Red La Soda 3.12 2.80 0.1052 3.31 3.27 0.7611
Russet Burbank 2.72 2.61 0.5425 3.62 3.28 0.0112
Shepody 3.32 3.6! 0.1431 3.43 3.40 0.7965
Viking 3.12 3.10 0.9291 3.57 3.43 0.3100

“population levels of V. dahlige after soil infestation: - = 0, + = 50 (1996) or ~100 (1997) C¥l/g soil
®Each value represents the In aerial biomass (g).

Table 1.3. Acrial biomass for six potato cultivars grown under three amounts of applied
water across two inoculum densities of Verticillium dahliae in 1996 and 1997,

1996 1997
Cumulative amount Cumulative amount
of applied water of applied water

Cultivar 6lcmn 44cm 27 cm P 41 cm 3l cm 17 cm P
Katahdin 3.95 3.36 2.94 0.0002 4.11 3.95 343 0.0005
Ranger Russet 3.93 3.55 2.89 0.0001 3.72 3.45 3.14 0.0026
Red .a Soda 3.28 3.02 2.58 0.0145 3.81 3.30 2.74 0.0001
Russet Burbank  3.29 2.68 2.02 0.0001 3.95 3.54 2.86 $.0001
Shepody 3.95 3.39 3.064 (.0008 3.91 3.37 2.99 0.0001
Viking 347 3.27 259 0.6008 3.93 3.46 3.10 6.0001

“Each value represents the In aerial biomass (g).



Table 1.4. Relative area under the senescence progress curves for six potato cultivars
grown under three amounts of applied water and two inoculum densities of Verticillium
dahliae in 1996 and 1997.

1696 1997

Katahdin®

Irrigation treatment - V. dahliae® + V. dahliae p - V. dahliae  + V. dahliae P°
14 10.66° 10.21 0.8963 16.20 16.66 0.8827
2 14.47 12.05 0.4910 14.39 12.87 0.6212
3 13.42 17.54 0.2432 16,65 18.77 0.4893
P 0.5355 0.0974 0.7371 0.1522

Ranger Russet

Irrigation treatment - V. dahliage  + V. dahliae P - V. daklige  + V. dahliae P
1 10.11 16.13 0.9970 10.97 14.84 0.2119
2 13.27 16.66 0.3366 13.53 15.40 0.544¢6
3 14.73 18.79 $.2493 18.77 21.21 0.4286
P 0.4075 0.0392 0.0377 0.0740

Red La Soda

Irrigation treatment - V. dahliae  + V. dahliae P - V. dahlice + V. dahlice P
1 8.57 16.75 0.0210 13.08 22.61 0.1415
2 17.2¢ 23.64 0.0727 25.89 2422 0.5864
3 20.79 26.01 0.1396 26.35 29.74 0.2708
P 0.0020 G.0254 ¢.0114 0.0538

Russet Burbank

Irrigation treatinent - V. dakliae  + V. doHiae P - V. dahliae + V. dahliae P
1 10.48 2111 0.002% 1G.05 15.75 0.0646
2 22.65 33.78 $.0018 16.09 23.89 0.0119
3 33.13 40.74 0.0317 2440 41.29 0.0001
P 0.0001 0.0001 0.0001 0.0001

Shepody

Irrigation treatment - V. dahliae __+ V. dahliae P - V. dahliae _+ V. dahliae P
1 10.99 12.34 0.7021 19.02 17.69 0.6658
2 17.32 24.63 0.0389 20.29 24.85 0.2016
3 23.85 31.09 0.0409 23.94 33.39 0.0024
P 0.0616 0.0001 0.2732 0.6001

Viking

Irrigation treatment - V. dahliae _+ V. dahlige P - V. dahliae_ + V. dahlige P
1 12.77 14.85 0.5543 18.82 24.38 0.0717
2 16.84 21.79 0.1605 20.64 25.41 0.1223
3 27.61 28.55 0.7888 32.86 36.14 0.2861
P 0.0001 0.0007 0.0001 0.0002

*Each matrix reports results adding inoculum from left to right and decreasing amount of applied water

from top to bottom for each cultivar.

®population levels of V. dahliae after soil mfestation: - = 0, + = ~50 (1996) or ~100 (1997) CFU/g soil.
P denotes linear trend significance level, based on differences between means for the change in one

variable while holding the other variubie constant
4 Cumulative amount of applied water in 1996 and 1997 for treatments 1, 2, and 3 =61, 44, ot 27 c¢m, and
41, 31, or 17 cm, respectively.
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°Each value represents the means of the relative area under the senescence progress curves, adjusted for
maturity class.

Table 1.5. Relative area under the sencscence progress curves for six potato cultivars
grown under two inoculumn densities of Verticillium dahliae across three amounts of
applied water in 1996 and 1997.

1996 1997

Cultivar - V.dahliae® + V. dahliae P - V. dahlige + V. dahliae P

Katahdin 12.85° 13.26° 0.8399 15.75 16.09 0.8421
Ranger Russet 12.71 15.16 0.2219 14.43 17.15 0.1274
Red La Soda 15.55 22.13 0.0014 23.44 25.52 0.2413
Russet Burbank 22.09 31.88 0.0001 16.71 26.97 0.06G01
Shepody 17.39 22.69 0.0098 21.28 25.31 0.0244
Viking 19.17 21.73 0.1918 24.11 28.64 0.0113

*Population levels of V. dahliae after soil infesiation: - = 0, + = ~50 (1996) or ~100 (1997) CFU/g soil.
“Each value represents the means of the relative area under the senescence progress curves. adjustad for

maturity class.
P=0.0194 and P=0.0033 for V. dahliae x cultivar interaction in 1996 and 1997, respectively.

Table 1.6. Relative area under the senescence progress curves for six potato cultivars
grown under three amounts of applied water across two inoculum densities of
Verticillium dahliae in 1996 and 1997.

1996 1597
Cumulative amount Cumulative amount
of applied water of applied water
Cultivar 52em  36cm  Zlem P 2cm 28cm  15cm P
Katahdin 16.43 13.26 is4 0.1287 1642 13.36 17.7% 0.1565
Ranger Russet 10.12 1496 16,76 0.0238 12.92 14.46 19.99 0.0001
Red La Soda 1266 2047 2340 00001 2034 2505 28.04 0.0021
Russet Burbank ~ 15.79 2821 36,94 G000 1290 19.99  32.64 $.0034
Shepody 11.66 2099 2747 00001 1336 2288  28.66 6.0001
Viking 13.81 19.31 28.08  0.0001 2160  23.02 34.50 $.0001

Each value represents the means of the reiative area under the senescence progress curves, adjusted for

maturity class.
P=0.0009 and P=0.0194 for amount of applied water x cultivar interaction in 1996 and 1997, respectively.
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Table 1.7. Yield (kg/plot) of tubers weighing <113 g for six potato cultivars grown under
three amounts of applied water and two inocuhurn densities of Verticillium dahliae in
1996 and 1997.

1995 1997
Katahdin®

Irrigation treatment - V. dahliae®  + V. dubliae P - V. dahliae + V. dahlice P
e 161 1.37 0.4166 1.52 1.29 0.3558
2 1.17 207 $.0031 1.32 1.50 0.4599
3 1.95 1.68 0.3754 2.26 1.89 0.1410
P 0.0342 0.0694 0.0006 0.0571

Ranger Russet

Irrigation treatment - V. dahliae  + V. dahliae P - ¥V dahliae  + V. dahliae p
1 0.76 0.74 0.9442 1.04 1.25 0.4080
2 0.98 1.26 0.3524 1.55 1.34 1.413%
3 2.00 1.77 0.4420 1.79 2.47 0.G073
P 0.0001 0.0031 0.0111 (0001

Red La Soda

Irrigation treatment - V. dahliae  + V. dahiiae P - V. dahliae -+ V. duhiice P
1 1.13 1.20 0.3117 1.65 1.47 0.4726
2 1.18 0.92 0.3801 1.62 1.57 0.83%50
3 1.77 1.61 0.¢000 2.30 1.36 G.0847
P 0.0633 0.0700 0.0109 0.2692

Russet Burbank ~

Irrigation treatment - V. duhliage  + V. dublice P - V. dahliae  + V. dahlice P
1 1.84 1.47 0.2219 1.33 1.58 0.3180
2 2.77 2.42 0.2423 .98 1.40 0.0208
3 3.53 2,84 0.0055 2.54 2.92 0.1329
P 0.0001 0.0003 0.0001 0.0601

Shepody

Irrigation treatment - V. dahliae  + V. dahliae P - V. dahlige  + V. dahlice P
1 1.05 0.90 0.6245 1.14 0.74 0.1123
2 0.96 0.20 0.8372 0.86 1.00 0.5792
3 1.56 1.76 0.6494 1.35 1.45 0.6884
P 0.6001 0.0001 0.1519 0.0132

Viking —

Irrigation treatment - V. dahliae  + V. dahliae P - V. dahliage  + V. dahliae P
1 0.44 0.65 0.4818 0.65 0.77 0.6300
2 0.52 0.68 0.6030 0.57 0.66 0.7291
3 111 0.90 0.4928 0.72 0.79 0.7885
p 0.0994 0.0101 0.8341 0.8554

*Each matrix reports results adding inoculura from left to right and decreasing amount of applied water
from top to bottom for each cultivar.

®Population levels of V. dahlice after soil infestation: - = 0, + = ~50 (1996) or ~100 (1997) CFU/g scil.
‘P denotes linear trend significance level, based on ditferences between means for the change in oue
variable while holding the other variabie constant

4 Cumulative amount of applied water in 1996 and 1997 for treatments i, 2, and 3 =61, 44, or 27 cm, and
41, 31, or 17 cm, respectively.

“Each value represents the means of tuber yield.

1997 P=0.0297 for cultivar x V. dahliae x amount of applied water interaction
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Table 1.8. Yield (kg/plot) of tubers weighing <i 13 ¢ for six potato cultivars grown under
two inoculum densities of Verticiillium dahlize across three amounts of applied water in
1996 and 1997.

1996 1997

Cultivar - V. dahliae + V. dehlix® P - . dahliae  + V. dahlive P

Katahdin 1.58° 1.71 0.4546 1.70 1.56 0.3380
Ranger Russet 1.25 1.26 0.9577 1.46 1.69 C.1188
Red La Soda 1.36 124 0.3614 1.85 1.63 0.1268
Russet Burbank 2.71 2.18 6.0023 1.95 1.7 0.9186
Shepody 1.19 I.16 0.8894 1.12 1.07 0.7126
Viking 0.69 0.74 0.7562 0.65 0.74 0.5269

*Population levels of V. dahliae after soil infestation: - = 0, + = ~50 (1996) or ~100 (1997) CFU/g soil.
®Each value represents the means of tuber yield.

Table 1.9. Yield (kg/plot) of tubers weighing <113 g of six potato cultivars grown under
three amounts of applied water across two moculum densities of Verticillium dahliae in

1996 and 1997.

1996 1967
Cumulative amount of Cumulative amouni of
applied water applied water
Cultivar 6lem 44cm 27c¢m p 38cm 28cm  15cm P
Katahdin 1.49%  1.62 1.82 03022 14!} 1.41 2.08  0.000
Ranger Russet 0.75 1.12 1.89  0.00G61 1.14 1.44 2.13 9.000!
Red La Soda 1.16 1.05 1.62  0.0066 1.56 3.60 2.08 0.0055
Russet Burbank 1.85 2.60 3.08 00001 145 1.69 273 G.0G0%
Shepody 0.97 0.93 1.63  0.0001 054 093 1.40  0.0117
Viking 0.54 0.60 1.01  0.0014 0.71 0.62 0.76  (.7221

P=0.0026 ( 1996) and P=0.0011 (1997) for cultivar by amount of applied water interaction.
*Each value represents the mearns of tuber yicid.
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Table 1.10. Yield (kg/plot) of tubers weighing 113-170g for six potato cultivars grown
under three amounts of applied water and two inoculum densities of Verticillium dahliae
in 1996 and 1997.

1996 1997
Katahdin®

Irrigation treatment - V. dahliae” + V dahlise ¢ -V.dahliae _+ V. dahliae P
19 3.59 387 {.6549 3.09 3.36 0.6442
2 3.07 3.93 0.15%0 3.06 3.35 0.6140
3 4.58 333 0.0506 4.45 3.88 0.3328
P 0.0556 €.5609 0.0006 0.0571

Ranger Russet

Irrigation treatment - V. dahliae  + V. dahliae P - V. dahliae + V. dahliae P
I 1.38 1.71 0.6028 2.09 3.18 0.0630
2 1.80 2.44 0.3132 2.74 3.64 £.1218
3 2.58 3.66 {.0887 4.01 3.88 0.8226
P 0.1619 0.0090 0.011 0.0001

Red La Soda

Irrigation treatment - V. dahliae  + V. dahlize P -V, dahliae  + V. dahliae P
1 2.20 2.26 0.9266 2.34 242 0.8876
2 2.94 2.73 0.7343 2.94 2.08 0.8104
3 3.99 3.45 0.3931 4.14 4.38 0.6882
P 0.0159 0.1724 0.0109 0.2692

Russet Burbank

Irrigation treatment - V. dahliae  + ¥/ dahliae P - V. dahliae  + V. dahliae P
1 3.53 3.88 6.5778 2.92 4.18 0.032
2 4.43 4.64 0.7343 3.80 3.80 0.9991
3 3.68 341 0.£854 3.82 3.93 0.8515
p 0.3164 0.1472 5.0001 0.0601

Shepody

Irrigation treatment - V. dahlige _ + V. dahlige P - V. dahliae  + V. dahliae P
1 4.48 6.806 0.1498 1.76 2.67 0.9063
2 5.25 6.35 (.4948 2.06 2.50 6.2500
3 6.29 3.645 0.1449 2.47 3.40 0.5799
P 0.5295 23218 0.1519 0.0182

Viking

Irrigation treatment - V. dahliae _ + V. dahliae p - V. dublice  + V. dahlice P
! 1.13 .37 0.7072 2.08 1.21 0.1404
2 1.38 1.66 0.6474 i.70 1.64 8.9205
3 2.50 2.94 0.4943 2.02 1.72 0.6156
P 0.0711 0.0333 0.8341 0.8554

*Each matrix reports results adding inoculum from left to right and decreasing amount of applied water
from top to bottom for each cultivar.

*Population levels of V. dahliae after soil infestation: - = 0, -+ =~50 (1996) or ~100 (1997) CFU/g soil.
°P denotes linear trend significance level, based on gifferences between means for the change in one
variable while holding the other variable constant

4 Cumulative amount of applied water i 1996 and 1997 for treatmients 1, 2, and 3 = 61, 44, or 27 cm, and
41, 31, or 17 cm, respectively

*Each value represents the meuns of tuber yield.



Table 1.11. Yield (kg/plot) of tubers weighing 113- 170 g for six potato cultivars grown
under two inoculum densities of Verticillium dahlice across three amounts of applied
water in 1996 and 1997.

1996 N 1997

Cultivar - V. dahlige + V. dohlias® P - V. dahliae  + V. dahlie P

Katahdin 3.75° 3.72 0.9509 3.53 3.53 0.9985
Ranger Russet 1.92 2.60 0.0627 2.95 3.57 0.0662
Red La Soda 3.04 2.81 0.5248 3.14 3.2¢ 0.6515
Russet Burbank 3.88 3.98 0.7839 3.51 3.97 0.1783
Shepody 2.10 2.85 0.0364 2.64 2.73 0.7817
Viking 1.67 1.96 0.3819 .93 1.52 0.2306

*Population levels of V. dahliae after soil infestation: - = 0, + = ~50 {1996) cr ~100 (1997) CFU/g soil.
PEach value represents the means of tuber yield.

Table 1.12. Yield (kg/plot) of tubers weighing 113-170 g for six potato cultivars grown
under three amounts of applied water across two noculum densitics of Verticillium
dahliae in 1996 and 1997.

1996 1997
Cumulative amount of Curaulative amount of
applied water applied water
Cultivar 6lcm 44cm 27 cm P 4iem 3iem 7em P
Katahdin 3.73° 3.52 395 06185 322 3.20 4.17  G.0305
Ranger Russet 1.54 212 312 6.0622 264 3.19 395 0.0071
Red Lz Soda 2.23 2.83 3.71  0.0046 237 3.01 426  0.0001
Russet Burbank 3.7 4.54 3.54 00621 3.55 3.80 387 0.7156
Shepody 2.22 2.28 293 092088 240 2.38 321 0.0880
Viking 1.25 1.52 272 0.6027 1.84 1.67 1.87  0.839i1

P=0.0201 (1996) and P=0.2069 (19?)_7i)~fcr cultivar x amount of applied water interaction.
*Each value represents the means of tuber vield.
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Table 1.13. Yield (kg/plot) of tubers weighing 171-340 g for six potato cultivars grown
under three amounts of applied water and two inocuium densities of Verticillium dahliae
in 1996 and 1997.

1996 1997
Katahdin®

Irrigation treatment - V. dahiiae® + V. dahliae P - V. dahliage + V. dahliae P
e 9.27 9.12 0.8888 12.19 12.71 0.6406
2 8.53 %.83 0.7669 9.43 12.05 0.0202
3 344 3132 0.9136 5.79 7.27 0.1867
P 0.0001 0.0001 0.0001 0.0001

Ranger Russet

Irrigation treatment - V. dahliae  + V. dahlice P - V. dahliae  + V. dahliae P
i 6.35 6.27 0.9395 11.05 16.52 0.6343
2 5.86 6.57 0.5140 9.46 9.21 0.8183
3 2.53 2.36 0.8789 5.0 5.09 0.1454
P 0.0009 0.0001 0.0007 0.0001

Red La Soda

Irrigation treatment - V. dahliae _ + V. dahliae P - V. dahliae + V. dahliae P
1 10.55 8.87 0.1243 11.39 11.51 0.5120
2 10.19 8.22 0.0708 11.02 9.68 2334
3 3.46 3.29 0.8717 6.51 7.40 0.427!
? 0.0001 0.0001 0.0001 0.0015

Russet Burbank

Irrigation treaunent - V. dahliae  + V. dahliae P - V. dahlige  + V. dahiiag P
1 7.10 7.0% 0.9967 11.47 10.27 0.2825
2 6.19 5.98 (1.8500 10.43 11.07 0.5646
3 1.14 .69 0.6795 449 5.85 0.2267
P 0.0001 0.0001 0.0001 0.0001

Shepody

Irrigation treatment - V. dahliae _+ V. dahlie P - V. dahliage + V. dahliae P
1 7.29 6.27 0.3493 9.71 9.73 .9865
2 7.10 5.94 0.2849 8.41 7.64 0.4940
3 3.39 2.53 0.4318 6.73 5.60 0.1228
P 0.0004 0.0010 0.0305 0.0002

Viking

Irrigation treatment - V. dahliae  + V. dahliae P - V. dahliae -+ V. dahliae P
l 4,64 6.11 0.1768 6.37 6.34 0.9734
2 4,95 6.53 0.1471 6.81 6.37 0.6877
3 2.74 3.73 0.3636 5.18 4.99 0.8604
P 0.0912 0.0226 0.3225 0.3725

*Each matrix reports results adding inoculun from left to right and decreasing amount of applied water
from top to bottom for each cultivar.

®Population levels of V. dahliae after soil infestation: - = 0, + = ~50 (1996) or ~100 (1997) CFU/g soil.
P denotes linear trend significance levzl, based on differences between means for the change in one
variable while holding the other variable constant

4 Cumulative amoimt of applied water in 1996 and 1997 for treatments 1, 2, and 3 = 61, 44, or 27 an, and
41,31, or 17 cm, respectively.

*Each value represents the means of marketable wber yield.
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Table 1.14. Yield (kg/plot) of tubers weighing 171-340 g for six potato cultivars grown
under two inoculum densities of Verricillium dahliae across three amounts of applied
water in 1996 and 1997.

1966 1997

Cultivar - V. dahliae + ¥ dahliaé® P - V. dahliae + V. dahliae P

Katahdin 7.08° 7.1 0.9778 9.13 10.68 0.0180
Ranger Russet 491 5.07 0.8063 9.08 8.27 0.2122
Red La Soda 8.07 6.79 0.0434 9.64 9.53 0.8676
Russet Burbank 4.81 4,359 0.7259 3.80 .06 0.6814
Shepody 4.91 491 0.198% 8.28 7.46 0.2018
Viking 5.93 5.45 0.0330 6.12 5.90 0.7242

*Population levels of V. dahlige after soil infestation: - = 0, + = ~50 (1996) or ~-100 (1997) CFU/g soil.
bEach value represents the means of tuber yield.

Table 1.15. Yield (kg/plot) of tubers weighing 171-340 g for six potato cultivars grown
under three amounts of applied water across two inoculum densities of Verticillium
dahliae in 1996 and 1997.

1996 1997
Cumulative amount of Cumulative amount of
applied water appiied water
Cultivar 6lcm 44cm 27 cm P 4lcmn 3lcm 17 cm P
Katahdin 920 869 338 00001 1245 1074 6.53  0.0001
Ranger Russet 6.31 6.21 2.44 00001 1079 933 591  (.0GC!
Red La Soda 9.71 620 338 00061 1145 1035 696  0.0001
Russet Burbank  7.09 6.58  0.92  0.0001 1087 1075 517 0.0001
Shepody 6.78 6.52 2486  0.0001 972 803 586 0.0001
Viking 537 873 323 00025 636 659 509 (.1259

P=0.0052 (1996) and P==0.0016 (1997) for cultivar x amount of applied water interaction.
*Each value represents the means of tuber yicid.
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Table 1.16. Yield (kg/plot) of tubers weighing >340 2 for six potato cultivars grown
under three amounts of applied water and two incculum densities of Verticillium dahliae
in 1996 and 1997.

1996 1997
Katahdin®

Irrigation treatment - V. dahliae® -+ V. dakiice P - V. dahliae  + V. dahliae P
19 6.33 5.66 1.5613 9.86 9.33 0.6802
2 3.90 2.15 ¢.1212 7.22 5.18 0.1122
3 0.23 A5 0.9579 1.63 3.53 0.1414
P 0.0001 0.0001 0.0001 0.0001

Ranger Russet

Irrigation treatment - V. dahliae  + V. dahlige P - V. dahiiae  + V. dahliae p
1 8.93 7.13 0.1169 .24 9.41 0.8933
2 4.82 3.47 0.2303 7.21 4.24 9.0217
3 0.08 0.29 0.8546 1.91 1.67 0.7611
P 0.0001 0.0001 0.0001 (.0001

Red La Soda

Irrigation treatment - V. dahliae  + V. dahliae P - V. dohliaz  + V. dahiiae p
1 7.65 8.20 0.6224 9.50 11.23 0.1782
2 5.14 5.40 0.8163 5.90 678 0.4932
3 0.41 0.41 0.999] 1.45 0.82 0.9287
P 0.0001 0.0001 9.5001 0.3001

Russet Burbank

Irrigation treatment - V. dahline -+ V. dahlice b - V. dahliae  + V. dohiiae P
1 2.61 2.92 0.7851 8490 5.60 5.0299
2 1.88 1.58 0.637% 5.96 4.11 0.152¢
3 0.00 0.09 0.9312 1.02 i.14 0.6287
P 0.0585 0.0445 0.0001 ¢.0024

Shepody

Irrigation treatment - V. dahliae  + V. dahliae P - V. dabiice  + V. dablice P
1 6.90 7.03 0.9034 9.9i 11.07 0.3666
2 2.66 3.18 0.6382 7.74 6.32 6.2700
3 0.34 0.13 0.3500 1.84 1.91 0.9508
P 0.0001 0.0001 0.6001 0.0001

Viking

Irrigation treatment - V. dahliage  + V. dalliae P - V. dabliae  + V. dahiiae p
1 8.88 10.28 0.23153 14.43 12.23 0.0848
2 8.32 7.11 0.2996 95.09 7.51 6.2173
3 0.51 0.42 0.9349 4.18 2.33 0.1512
P 0.0001 0.0001 0.0001 0.0001

*Each matrix reports results adding moculum from left to right and decreasing amount of applied water
from top to bottom for each cultivar.

®Population levels of V. dahliae after soil infestation: - = 0, + = ~-50 (1996) or ~100 (1997) CFU/g soil.
‘P denotes linear trend significance level, based on differences between means for the change in one
variable while holding the other variable constant

4 Cumulative amount of applied water in 1996 and 1997 for treatments 1, 2, and 3 =61, 44, or 27 cm, and
41, 31, or 17 cm, respectively.

°Each value represents the means of tuber yield.



Table 1.17. Yield (kg/plot) of tubers weighing >34 g for six potato cuitivars grown
under two inoculum densities of Verticilliuzm dahiice across three amounts of applied
water in 1996 and 1997.

1995 1997

Cultivar - V. dahliae + V. dahliae® p - V. dahliae  + V. dahliae p

Katahdin 3.48° 2.66 0.2047 6.24 6.01 0.7592
Ranger Russet 4.61 3.63 0.13t8 6.04 4.98 0.1529
Red La Soda 4.40 4,67 0.6762 5.61 6.28 0.3727
Russet Burbank 1.49 1.46 0.9608 5.13 3.62 0.0425
Shepody 3.30 3.45 0.8162 6.49 6.43 0.9359
Viking 5.90 5.94 0.9532 9.24 7.36 0.0121

*Population levels of V. dahliae after soil infestation: - = 0, + = ~50 (1996) or ~100 (1997) CFU/g soil.

®Each value represents the means of tuber yield.

Table 1.18. Yield (kg/plot) of tubers weighing >340 g for six potato cultivars grown
under three amounts of applied water across two inoculum densities of Verticillium
dahliae in 1996 and 1997.

1996 1997
Cumulative amount of Cumulative amount of
applied water applied water
Cultivar 6icm 44cm 27 cm P 4lcm 3lem 17 am P

Katahdin 6.00*  3.02 0.1 0.00061 960 6.20 2,58  0.000
Ranger Russet 8.03 4.15 0.18 0.0001 9.33 5.73 1.47  0.006!
Red La Soda 7.93 5.27 0.41 00001 1037 6.34 113 0.000%
Russet Burbank  2.76 1.63 0.05 0.0033 7.00 5.03 1.08  6.000i
Shepody 6.96 2.92 0.23  0.0001 10649  7.03 1.87  §.0001
_Viking 9.58 7.73 046 0.0001 1332 830 326  0.0001

P=0.0016 (1996) and P=0.1356 (1997) for cultivar x amount of applied water intecaction.
"Each value represents the means of tuber yieid.
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Table 1.19. Marketable tuber vield {kg/plot} for six potato cultivars grown under three

amounts of applied water and two inoculum densities of Verticillium dahliae in 1996 and

1997.

199¢ 1997
Katahdin®
[rrigation treatment - V. dohliae® _ + V. dahlice ¥ - V. dahliae __+ V. dahlige P
¢ 22.14 21.54 0.7674 25.40 25.14 0.8708
2 17.88 17.27 0.7642 20.59 19.72 0.5910
3 9.52 7.36 0.4164 14.69 11.88 0.0845
P 0.0001 0.06G1 0.000t 0.000!
Ranger Russet
Irrigation treatment - V. dahliae  + V. dahliae P - V. dahliae  + V. dahlige P
1 19.23 17.43 0.3800 23.12 22.39 0.6516
2 14.40 14.40 0.9995 17.10 15.42 0.1537
3 5.99 7.28 0.5250 10.26 12.42 0.1846
P 0.000! 0.0001 0.0001 €.0001
Red La Soda
Irrigation treatment - V. dahliaz _+ V. dakliae P - V. dahlice  + V. dahliae P
1 21.97 23.39 0.3467 25.17 23.23 0.2337
2 2L19 18.87 0.2749 19.55 19.87 0.8442
3 9.07 8.25 0.6837 12.60 12.11 0.7606
B 0.0001 $.0001 0.0001 0.0001
Russet Burbank
lrrigation treatment - V. dahlice  + #. dahlice P - V. dehliae  + V. dahliae P
1 15.28 16.03 0.71i8 20.04 22.80 0.0906
2 i4.42 12.86 0.7822 18.99 20.19 0.4603
3 4.85 5.57 7226 10.92 9.34 0.3302
P 0.0001 0.0001 0.0001 0.0001
Shepody
Irrigation treatment - V. dahliae  + V. dahlige P - V. dahliac  + V. dahliae P
1 18.40 18.44 0.9848 23.23 22.12 0.4942
2 13.64 13.41 0.9G77 16.68 18.16 0.3524
3 7.16 6.99 (.9359 2.97 11.95 9.2232
P 0.0001 0.000! 0.0001 0.0001
Viking o
Irrigation treatment - V. dahliage  + V. danliae P - V. dahliae -+ V. dahlicz P
1 16.91 20.49 0.0798 19.79 22.88 0.0580
2 16.90 17.6% 0.6989 15.52 17.61 0.1979
3 6.63 .17 0.4511 9.05 11.39 0.1507
0.0001 0.0001 0.0001 0.0001

*Each matrix reports results adding inocuium from left to right and decreasing amount of applied water
from top to bottom for each cultivar.

®Population levels of V. dahliae after soil infestation: - = 0, + = --50 (1996) or ~100 (1997) CFU/g soil.
°P denotes linear trend significance level, basad on differences between means for the change in one
variable while holding the other variatle constant

¢ Cumulative amount of applied water in 1996 and 1997 for geatments 1, 2, and 3 = 61, 44, or 27 cm, and
41, 31, or 17 cm, respectively.

*Each value represents the means of marketable tuber yield.
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Table 1.20. Marketable tuber yicid {kg/plot) for six potato cultivars grown under two
inoculum densities of Verticillium fuhlice across three amounts of applied water in 1996
and 1997.

1506 1997

Cultivar - V. dahlice + V. dabliae’ P - V. dahliae  + V. dahliae P

Katahdin 14.31° 1348 0.480% 18.91 20.22 0.1613
Ranger Russet 11.44 11.30 0.9035 18.07 16.82 0.1835
Red La Soda 14.62 14.28 0.7734 18.40 19.11 0.4528
Russet Burbank 10.16 10.63 0.8956 17.45 16.65 0.3987
Shepody 11.33 §1.22 0.9290 17.42 16.63 0.3972
Viking 9.95 13.36 0.0038 17.30 14.78 0.0081

*Population levels of ¥. dahliae after soil infestation: - = 0, + = 50 (1996) or ~100 (1997) CFU/g soil.
*Each value represents the means of tuber yield.

Table 1.21. Marketable tuber yieid (kg/plot) for siz potato cultivars grown under three
amounts of applied water across two inoculum densities of Verticillium dahliae in 1996
and 1997.

1996 1997
Cumiulative amount of Cumulative amount of
applied water applied water
Cultivar 6lem dd4cm Z7om P 4tce 3leom 17 cn P
Katahdin 12,97 {523 7.53  0.0001 2577 20.15 1328 0.0001

Ranger Russet 1586 12.48 5.75 6.00017 2276 1825 1134 0.0001
Red La Soda 18.52  17.32  7.50 €060t 24.20 1971 1236 0.0001
Russet Burbapk  13.57 12.25 451 0.000% 2142 19.59 10.i3  0.0001
Shepody 1596 11.72  &.1%  €.0001 22468 (744 1096 0.0001
Viking 1360 1499 641 0001 2134 1657 10.21 0.0001

*Each value represents the means of tuber yieid.
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Table 1.22. Yield (kg/plot) of culied tubers for six potato cultivars grown under three
amounts of applied water and two inocuium densities of Verticillium dahliae in 1996 and

1997.

1596 1997
Katahdin®

Irrigation treatment - V. dahliae® _ + V. dahliae P° - V. dahliae  + V. dahliae p
te 0.64 0.79 0.7557 3.08 3.02 0.9513
2 0.39 0.79 6.3868 3.02 227 0.4509
3 0.15 .12 0.6926 i.14 1.37 0.3189
P 0.7541 0.259¢ 0.0885 0.2541

Ranger Russet

Irrigation treatment - V. dahliae _ + V. dahliae p - V. dahlige + V. dahiiae P
1 2.20 1.43 0.0972 382 2.59 D.2155
2 2.16 0.64 0.0014 2.57 2.57 .9958
3 2.00 0.48 0.0014 2.37 1.79 1.5630
P 0.8980 0.0983 0.2893 0.5633

Red La Soda

Irrigation treatment - V. dahliae _ + V. dahliae P - V. dahliae + V. dahlice p
1 1.84 1.32 0.2653 5.97 5.01 0.3355
2 1.12 0.34 0.0939 2.19 3.43 0.2160
3 0.22 0.19 0.9575 1.38 (.59 0.4262
p 0.0029 0.0343 0.0001 0.0001

Russet Burbank

Irrigation treatment - V. dahlige _+ V. dahliae P ~ V. danhliae  + V. dahliae P
1 1.71 1.27 0.3439 4.82 4.57 0.7960
2z 1.77 0.74 0.0288 2.31 2.86 0.5822
3 0.68 .20 0.4102 2.45 1.93 0.6030
P 0.0350 0.1194 0.0200 0.0298

Shepody

Irrigation treatment - V. dahlige _+ V. dahliae P - V. dahliae  + V. dahlige P
I 2.14 1.63 0.2800 6.06 3.80 0.0248
2 0.95 0.61 0.9318 3.00 312 0.8992
3 0.48 0.31 0.615% 1.38 1.57 0.8537
P 0.0026 0.0225 0.0001 0.0747

Viking

Irrigation treatment - V. dahlige __+ V. dahlige P - V. dahliae _ + V. dahliae p
1 1.53 1.89 0.4461 2.49 4,69 0.0291
2 0.66 0.31 0.4604 1.60 238 £.4346
3 0.07 0.04 0.9575 1.08 1.32 0.3138
P 0.0080 0.0002 0.3612 0.0031

*Each matrix reports results adding inoculum from left to right and decreasing amount of applied water
from top to bottom for each cultivar.

Spopulation levels of V. dahliae after soil infestation: - = 0, + =56 (1996) or ~100 (1997) CFU/g soil.
°P denotes lincar trend significance level, based on differences between means for the change in one
variable while holding the other varisble constant

d Cumulative amount of applied water in 1996 and 1997 for treatments 1, 2, and 3 = 61, 44, or 27 cm, and
41, 31, or17 cm, respectively.

“Each value represents the means of tuber yield.
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Table 1.23. Yield (kg/plot) of cuiled tubers for six potato cultivars grown under two
inoculum densities of Verticillium dahliae across three amounts of applied water in 1996
and 1997.

1996 1997

Cultivar - V. dahliae + V. dakiice® P - ¥ dahliae _+V. dahliae P

Katahdin 0.44° 0.57 0.6:15 2.41 2.22 0.7345
Ranger Russet 2.12 0.85 0.0001 2.92 2.31 0.2928
Red La Soda 1.06 0.62 0.1011 3.18 3.01 0.7636
Russet Burbank 1.39 3.30 0.0228 320 312 0.8951
Shepody 1.21 0.95 0.3357 3.48 2.83 0.2608
Viking 0.75 0.75 0.9864 1.73 2.79 0.0648

P=0.0054 (1996) and P=0.3244 (1997) for cultivar x V. dahliae interaction
*population levels of V. dahliae after soil infestation: - = 0, + = ~50 (1996) or ~100 (1957) CFU/g soil.
®Each value represents the means of tuber yield.

Table 1.24. Yield (kg/plot) of culled tubers of six potato cultivars grown under three
amounts of applied water across two inoculum densities of Verticillium dahlice in 1996
and 1997.

1996 1997
Cumulative amount of Curulative amount of
applied water applied water
Cultivar 6lcm 44cm 27cm P 41em 3lem 17 om P
Katahdin 0.72°  0.59 021 02910 3.05 2.64 .25 0.029¢
Ranger Russet 1.82 1.40 .24 0.1993  3.21 2.57 2.08 (.2815
Red La Soda 1.58 0.73 020 0.0002 549 281 0.99 0.0001
Russet Burbank 1.45 1.26 049 0.0079 4.65 2.59 2.19  0.0009
Shepody 1.88 0.92 0.45 0.0001 493 3.06 1.47  0.0001
Viking 1.71 0.48 0.06 0.0001 3.59 1.99 1.20  0.0031

*Each value represents the means of tuber vield.



Table 1.25. Yield (kg/plot) of nonmarketable tubers (culls plus <113g) for six potato
cultivars grown under three amounts of applied water and two inoculum densities of
Verticillium dahliae in 1996 and 1997,

1696 1967
Katahdin®

Irrigation treatment - V. dahliae®  + ¥V _dahliae pe - V. dahlige  + V. dahliae P
19 2.26 2.16 0.9261 4.61 4.32 0.7694
2 1.55 2.86 0.2596 4.34 3.77 0.5720
3 2.26 L8 0.6705 3.40 3.26 0.8850
P 0.7448 2.6011 0.4506 0.5725

Ranger Russet

Irrigation treatment - V. dahliae  + V. danliae P - V. dahliae + V. dahiiae P
1 2.97 217 0.4508 4.87 3.34 1.3041
2 3.14 1.90 0.2453 4.12 3.91 0.8326
3 4.00 2.26 0.1600 4.16 4.26 0.9187
P 0.5752 0.9422 0.7038 6.3609

Red La Soda ‘

Irrigation treatment - V. dahlige  + V. dahliae 3 - V. dahliage  + V. dahliae P
1 5.42 2.52 0.0068 7.62 6.48 0.2541
2 2.31 1.26 0.3224 3.81 5.0 0.2564
3 1.99 1.81 0.8635 3.68 2.45 0.2199
P 0.0021 1.4895 0.0001 0.0004

Russet Burbank

Irrigation treatment - V. dablige _+ ¥ duhliae P - V. dahliage _+ V. dahliae P
1 3.55 2.7 0.4449 6.15 6.15 0.9963
2 4.55 3.7 0.1536 4.30 4.26 0.9697
3 4.21 2.94 0.2306 5.00 4.85 0.8871
P 0.6307 0.9211 0.1755 0.1576

Shepody

Irrigation treatment - V. dahlige _+ V. dohiiae P - V. donliae  + V. dahlice P
1 3.18 3.18 0.9580 7.20 4.54 0.6085
2 1.91 1.81 0.9236 3.86 4.13 0.7900
3 2.13 2.93 0.9261 2.74 3.02 0.7764
P 0.4389 0.3787 0.0001 0.2535

Viking

Irrigation treatment - V. dahlige __+ 7. dalliae P - V. dahliae  + V. dahliae P
1 7.55 2.53 0.0001 3.14 5.45 0.0218
2 1.18 0.99 0.8581 2.117 3.04 (.3868
3 1.18 0.95 0.92¢1 1.8t 2.11 0.3868
P 0.0001 0.2346 0.3883 0.0031
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3Each matrix reports results adding inoculum from left to vight and decreasing amount of applied water
from top to bottom for each cultivar.

bPopulation levels of V. dahliae afier soil infestation: - = 0, + = ~50 (1996} or ~100 (1997 CFU/g soil.
°P denotes linear trend significance level, based on differences between means for the change in ons
variable while holding the other variabie constant

d Cumulative amount of applied water in 1996 and 1997 for treatments 1, 2, and 3= 61, 44, or 27 cm, and
41, 31, or 17 cm, respectively.

®Each value represents the means tuber yield.



Table 1.26. Yield (kg/plot) of nynmarketabie rubers culls plus <113 g) for six potato
cultivars grown under two inoculum densities of Verticillium dahiiae across three
amounts of applied water in 1996 and 1997.

1996 1997

Cultivar - V. dahliae + V. dahliae® P - V. dahliae  + V. dahliae P

Katahdin 2.02° 2.27 0.6811 4.11 3.78 0.1613
Ranger Russet 3.37 201 0.0445 4.38 4.00 0.1835
Red La Soda 3.24 1.86 0.G254 5.04 4,64 0.4528
Russet Burbank 4.10 2.95 0.0605 5.15 3.0% 0.3987
Shepody 2.41 2.34 0.9144 4.60 3.89 0.3972
Viking 3.30 1.4% 0.0034 2.37 3.53 0.0081

*Population levels of V. dahliae after soil intestation: - = 0, + = ~50 (1696} or ~100 (1997} CFU/g soil.
®Each value represents the means of tuber yield.

Table 1.27. Yield (kg/plot) of nonmarketable (culls pius <113 g) tubers for six potato
cultivars grown under three amounts of applied water across two incculum densities of
Verticillium dahliae in 1996 and 1997.

1996 1997
Cumulative amount of Cumulative amourt of
applied water applied water
Cultivar 6lcm 44cm 27cm P 4lem 3iom 17om P
Katahdin 220 220 203 0.9646 446 4.06 3.33  0.270%
Ranger Russet 2.57 2.52 313 0.6628 5.87 4,02 421 08922
Red La Soda 3.97 1.78 180  0.0052 705 4.41% 3.07  6.0001
Russet Burbank  3.14 3.86 3.58  0.6306 4.35 428 492  0.0289
Shepody 3.18 1.86 208 01683 615 3.99 2.88  0.0002
Viking 5.04 1.08 1.06 G.0001  4.30 2.61 .96  0.0035

P=0.0002 (1996) and P=0.0165 (1997) for cultivar x amou of applied water interacticn
*Each value represents the means of tuber yield.



Table 1.28. Total yield (kg/plot) of all tuber classes (nonmarketable plus marketable) for

six potato cultivars grown under three amounts of applied water and two inoculum
densities of Verticillium dahlice in 1996 and 1997.

1996 1997
Katahdin®

lrrigation treatment - V. dahliae® + V. dakliae K - V. dahlice + V. dahliae P
1¢ 21.45 20.83 0.7184 29.75 29.72 0.9840
2 17.05 17.%2 0.6326 24.05 24.36 0.8346
3 10.50 267 6.2731 15.28 17.94 0.0706
P 0.0001 0.0001 0.0001 0.0001

Ranger Russet

[rrigation treatment - V. dahliae  + V. dahlice P - V. dehliae + V. dahlice P
1 19.63 17.28 0.1729 27.26 26.96 0.8395
2 15.62 14.38 0.4734 23.54 2i.01 0.0857
3 9.19 8.56 0.7153 16.58 14.52 0.1625
p 0.0001 0.0001 0.00601 0.6001

Red La Soda

Irrigation treatment - V. dahliae  + V. dahliae P - V. dahlice + V. dahliae p
i 23.12 21.86 €.4613 30.85 31.65 0.5892
2 20.59 17.61 0.0845 23.68 24.55 0.5543
3 9.85 8.95 0.6005 15.79 15.06 0.6162
p 0.0001 0.0001 0.0001 0.0001

Russet Burbank

Irrigation reatment - V. dublioce + V. dohliae P - V. dahlice + V. dahlive P
1 16.79 16.63 0.9268 28.56 26.19 0.0612
2 17.04 15.17 0.2778 24.49 23.25 0.3998
3 9.04 7.14 0.2701 14.33 15.78 0.3272
P 0.0001 0.0001 0.0001 0.0001

Shepody

Irrigation treatment - V. dahliae  + V. dahliac P - V. dahlige -+ V. dahlice P
1 19.13 19.16 0.9836 29.32 27.77 0.2920
2 13.73 13.42 0.8587 22.06 20.81 ¢.3971
3 8.33 8.09 0.3887 14.68 12.98 2486
P 0.0001 0.0001 0.0601 0.0001

Viking

Irrigation treatment - V. dahliaze  + V. dahliae P - V. dahliae + V. dahliae p
1 16.99 20,29 0.0566 26.03 25.25 0.5933
2 15.82 16.32 0.7741 19.78 18.56 0.4036
3 6.92 8.03 0.5226 13.19 11.16 0.1662
P 0.0001 0.0001 0.0001 0.0001

*Each matrix reports results adding inoculum from left to right and decreasing amount of applied water
from top to bottom for each cultivar.

*Population levels of V. dahliae after soil infestation: - = 0, + = ~5¢ (1996) ar ~ 100 (1997) CFU/g soil.
°P denotes linear trend significance level, basad on differences betmeen means for the change in one
variable while holding the other variable constant

¢ Cumulative amount of applied water in 1996 and 1997 for treatments 1, 2, and 3 = 61, 44, or 27 cm, and
41, 31, or 17 cm, respectively.

*Each value represents the means of tuber yield.



Table 1.29. Total yield (kg/plot) of al tuber classes (marketable plus nonmarketable) for
six potato cultivars grown under twe inoculum densities of Verticillium dahliae across
three amounts of applied water in 1966 and 1997.

1996 1997

Cultivar - V. dahliae + V. dahliae® o - V. dahliae  + V. dahliae p

Katahdin 16.33° 15.76 0.5606 23.03 24.00 0.2478
Ranger Russet 14.81 1341 0.1586 22.59 21.74 0.0559
Red La Soda 17.85 16.14 0.0853 2344 23.75 0.7159
Russet Burbank 14.29 12.98 0.1884 22.46 20.83 0.3148
Shepody 13.73 13.56 0.8637 22.02 20.52 0.6787
Viking 13.25 i4.88 0.1020 19.67 18.32 0.1129.

*Population levels of V. dahliae after soil infestation: - = 0, + = ~50 (1996) or ~100 (1997) CFU/g soil.
®Each value represents the means of tuber yield.

Table 1.30. Total yield (kg/plot) of all tuber classes (marketable plus nonmarketable) for
six potato cultivars grown under three amounts of applied water across two inoculum
densities of Verticillium dahliae in 1996 and 1997.

1996 1997
Cumulative amount of Cumulative amount of
appiied water applied water
Cultivar 6lem 44cm 27 cm P 4lcm 3icm 17com P
Katahdin 21.14% 1743 956 60728 29.73 2420 16.61 0.0001

Ranger Russet 1846 1560 8.87 0.1627 27.11 2227 1555 0.0001
Red La Soda 2249 19.10 940 02166 3125 24.11 1542 90.0001
Russet Burbank 16.71 16.11 809 0.0001 2758 23.87 1505 0.0001

Shepody 19.14 1358 821 01627 2854 2143 13.83 0.0001
Viking 18.64 1607 747 0500 2564 19.17 1218  0.0001

*Each value represents the means of tuber yield.
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Table 2.1. General linecar model summary of In aerial biomass, 1996.

Source DF Type 1II S3 Mean Square F Value Pr > F
BLOCK 5 10.1637703 2.0339541 5.96 0.0001
IRR 2 33.9632047 16£.9816023 43.77 0.0001
BLOCK*IRR 10 3.33177%8 ;.2331776 0.98 0.4659
CULTIVAR 5 19.1007863 3.8201574 11.20 0.0001
VERT 1 .488464¢ 0.4884646 1.43 0.2332
IRR*CULTIVAR 10 1.8257944 (G.1825794 0.54 0.8635
CULTIVAR*VERT 5 2.054270¢% 0.4108542 1.20 0.3095
TIRR*VERT 2 1.1249871 0.5624935 1.65 0.1955
IRR*CULTIVAR*VERT 10 3.3130706 0.3313071 0.97 0.4707
Table 2.2. General linear model summary of In aerial biomass, 1997.

Source DF Type III SS Mean Square F Value Pr > F
BLOCK 5 6.5149110 1.3029822 8.14 0.0001
IRR 2 26.6971090 13.3485545 83.36 0.0001
BLOCK* IRR 10 4,2588032 0.4258803 2.66 G.0049
CULTIVAR 5 6.5080111 1.3016022 2.13 0.000L
VERT 1 0.8059634 0.8059634 5.03 0.0262
IRR*CULTIVAR 10 1.7936777 0.1793678 1.12 0.3500C
CULTIVAR*VERT 5 1.102960°% 0.2205922 1.38 0.2353
IRR*VERT 2 0.2469646 0.1234823 0.77 ).4642
IRR*CULTIVAR*VERT 10 2.5876434 0.2587643 1.62 0.1060
Table 2.3. General linear model summary of RAUSPC, 1996.

Source DF Type IIT S8 Mean Square F Value Pr > F
BLOCK 5 84.03408 16.80700 0.45 0.8095
IRR 2 5470.76030 2735.38015 73.99 0.6001
BLOCK*IRR 10 986.52627 98.65263 2.587 G.0048
CULTIVAR 5 4591.455¢€8 918.2911¢ 24.84 0.0001
VERT 1 1110.358434 1110.98434 30.05 ¢.0001
IRR*CULTIVAR 10 1174.47034 117.44705% 3.18 0.0009
CULTIVAR*VERT 5 513.7124¢ 102.74249 2.78 0.0194
IRR*VERT 2 22.642C3 11.32104 0.31 0.73606
IRR*CULTIVAR*VERT 10 204.14264 20.41426 ¢.55 G.8506

Table 2.4. General linear model summary of RAUSPC, 1997.

Source DF Type III &S Mean Square F Value Pr > F
BLOCK 5 776.33946 155.2678¢2 5.50 0.00C1
IRR 2 3707.26732 1853.63366 65.71 0.00G1
BLOCK*IRR 10 755.005€2 75.50050 2.68 0.00495
CULTIVAR 5 3580G.13705 716.02741 25.38 0.90001
VERT 1 861.52173 261.52178 30.54 .0001
IRR*CULTIVAR 10 1332.44721 133.24479 4,72 0.0001
CULTIVAR*VERT 5 523.2084% 104.64169 3.71 0.0033
IRR*VERT 2 150.21934 75.10967 2.66 0.0728
IRR*CULTIVAR*VERT 10 352.02804 35.20280 1.25 0.2644




Table 2.5. General linear model summary of in CFL/g stem apex 1996.

Source DF Type [ITI S& ¥iean Square F Value Pr > F
BLOCK 5 €3.726547 12.745309 2.40 0.0446
IRR 2 17.62302] 2.811510 1.66 0.1968
CULTIVAR 5 155.870890 57.374178 7.05 0.0001
BLOCK*IRR 10 £4.2686846 6.428685 1.21 0.2973
IRR*CULTIVAR 10 48.164972 4.816497 0.91 0.5303
Table 2.6. General linear mode! suramary of in C¥i)/g stem apex 1997.

Source DF Type TII S5 Mean Square B Value Pr > F
BLOCK 5 313.348578 6.669716 2.06 0.0801
IRR 2 34.348764 17.174382 5.30 0.0070
CULTIVAR 5 110.3132669 22.062734 6.81 0.0001
BLOCK* IRR 10 61.567667 £.156787 1.90 0.0582
IRR*CULTIVAR 10 29.609524 2.960952 0.91 0.5252
Table 2.7. General linear model summary of tuber vield <113 g, 1996,

Source DF Type IXI SS Mean Sguare F Value Pr > F
BLOCK 5 49.372450 5.874490 5.68 0.0001
IRR 2 140.840019 70.420010 40.51 0.0001
CULTIVAR 5 395.581383 79.196277 45.55 0.0001
VERT 1 2.265252 2.265252 1.30 0.2553
BLOCK*IRR 10 53.957281 5.395728 3.10 0.0012
IRR*CULTIVAR 10 49.652547 4.966255 2.86 0.0026
CULTIVAR*VERT 5 16.38090¢ 3.276182 1.88 0.0997
IRR*VERT Z §.315223 1.159612 2.39 0.0946
IRR*CULTIVAR*VEKT i0 12.995299 1.899930 1.09 0.3705
Table 2.8. General linear model summary of tuber vield <113 g, 1997.

Source DF Type III SS Mean Square F Value Pr > F
BLOCK 5 15.857944 3.171589 2.59 0.0277
IRR 2 120.976975 G0.488487 49.39 0.0001
CULTIVAR 5 254.850200 50.970040 41.62 0.0001
VERT 1 0.064067 0.064067 0.05 0.8194
BLOCK* IRR 10 24.796631 2.479663 2.02 0.0338
IRR*CULTIVAR 10 38.192075 3.815208 3.12 0.0011
CULTIVAR*VERT 5 7.633089 1.526618 1.25 0.2897
IRR*VERT Z 1.282136 N.641068 0.52 0.5934
IRR*CULTIVAR*VERT 10 25.334192 2.533419 2.07 0.0297
Table 2.9. General linear model summary of tuber vield 113-170 g, 1996.

Source Dy Type II1 SS Mean Square F Value Pr > F
BLOCK 5 236.312169 47.262434 6.09 0.0001
IRR 2 184.908281 92.454141 11.92 0.0001
CULTIVAR 5 810.316669 162.063334 20.90 0.0001
VERT 1 24.976400 24.976400 3.22 0.0746
BLOCK*IRR 10 229.163774 22.916377 2.95 0.0019
IRR*CULTIVAR 16 170.595891 17.059589 2.20 0.0201
CULTIVAR*VERT 5 45.38161" 9.076323 1.17 0.3260
IRR*VERT 2 7.274781 3.637391 0.47 0.6265
IRR*CULTIVAR*VERT 10 56.593780 5.659878 0.73 0.6957




Table 2.10. General linear model summary of tuber yield 113-170 g, 1997,

vSourge Qg“_ Type IIT SS Mean qquare B ¥clg§“

BLOCK 5 827.7559 165.5512 .70
IRR 2 19321.1810 5160.5905 2.31.57
CULTIVAPR 5 2619.4709 523.8942 21.4¢2
VERT 1 18.3925 18.3925 0.75
BLOCK*IRR 10 736.6938 73.6694 3.02
IRR*CULTIVAR 10 1325.0606 132.5061 5.43
CULTIVAR*VERT 5 82.8380 16.567% 0.63
IRR*VERT 2 33.2171 16.6086 .68
IRR*CULTIVAR*VERT 10 117.9604 11.7960 0.48

Source DF Type IJI SS Mean Square F Value Pr > F
BLOCK 5 190.624404 38.124881 5.77 0.0G01
IRR 2 207.711545 103.855773 15.72 0.0001
CULTIVAR 5 619.008343 123.801669 18.74 0.0001
VERT 1 8.182230 8.182230 1.24 0.2674
BLOCK* IRR 1.0 181.917744 18.1591774 2.75 0.0037
IRR*CULTIVAR 10 89.361655 8.936165 1.35 ¢.2069
CULTIVAR*VERT 5 37.918498 7.583700 1.15 0.3374
IRR*VERT 2 17.389240 8.694620 1.32 0.2719
IRR*CULTIVAR*VERT 10 45.002449 4.500245 0.63 0.7410
Table 2.11. General linear model summary of tuber yield 171-340 g. 1996.

3ource - ___DF Type III SS Mean Square F Value Pr > F
BLOCK 5 306.68417 61.33683 Z.63 0.0234
IRR 2 6386.26603 31933.13302 139.50 9.0001
CULTIVAR ) 1713.85801 342.77160 34.92 5.000L
VERT 1 9.50461 9.50461 G.47 0.5202
BLOCK*IRR 10 1127.53569 112.75357 4.93 0.0401
IRR~CULTIVAR 10 604.36878 60.43688 7.04 0.7652
CULTIVAR*VERT 5 255.08728 51.0174¢ 2.2% 2.0838
IPR*VERT 2 1.08812 0.54406 (.32 0.3765
JRR*CULTIVAR*VERT 10 53.52783 5.35278 0.3 £.9925
Table 2.12. Geuneral lingar model summary of tuber yield i71-340 o, 199,

Source L DEF Type I SS Mean Square F /gigg_“w_ggél_ﬁ
BI.OCK 5 1542.36763 208 47353 12.68 0.5001
IRR 2 4865.63289 432.81644 100.04 1. 0001
CULTIVAR 5 2224.10219 464,82044 te. il 0,020
VERT A 0.25972 0.25972 0.01

BLOCK?* IRE 10 660.18095 66.01810 271
IRR*CULTIVAK IC 733.06317 73.30632 2.01%

CULT IVAR*VERT 5 224.59062 44.91812 1085

IRR*VERT 2z 4 49933 2.249067 5.0
IRR*CULTIVAR*JERT a0 298.80174 20.88017 .85
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Table 2.14. General linear mode! summary ¢f tuber vield >340 g. 1997.

Source Type 111 S5 Mear: Square F Value Pr > F
BLOCK 5 2238.5054 447.7011 14.03 0.0001
IRR 2 15434.5872 7717.2936 41.79 0.0001
CULTIVAR 5 1238.211% :87.6424 12.14 0.0001
VERT 1 161.495°7 161.4955 5.06 0.0258
BLOCK*IRR 10 1472.3787 147.2377 4.61 0.0001
IRR*CULTIVAR 10 185.6920 48.5699 1.52 0.1356
CULTIVAR*VERT ) 271.6678 54,3336 1.70 0.1368
IRR*VERT 2 121.6633 60.8316 1.91 0.1520
IRR*CULTIVAR*VERT 10 351.3379 . 35.1338 1.10 0.3645
Table 2.15. General linear model summary of vield of culled tubers 1996.

Source Type IITI SS Mean Square F Value Pr » F
BLOCK 5 49.437149 9.887430 2.34 0.0440
IRR 2 278.607019 139.303510 32.96 0.0001
CULTIVAR 5 133.31342¢ 2€.662685 6.31 0.0001
VERT 1 59.503504 56.503504 14.08 0.0002
BLOCK*IRR 10 38.054319 3.805432 0.90 0.5343
IRR*CULTIVAR 1.0 59.383375% 5.938338 1.40 0.1820
CULTIVAR*VERT 5 73.016671 14.603334 3.45 0.0054
IRR*VERT 2 3.924886 1.997443 0.47 0.6242
IRR*CULTIVAR*VERT 10 24 .0754¢64 2.407546 0.57 0.8371
Table 2.16. General linear model summary of vield of culled tubers, 1997.

Source Type III SS Mean Square F Value Pr > F
BLOCK 5 197.47044 39.49409 2.05 0.0748
IRR 2 1627.82962 $13.91481 2.17 0.0001
CULTIVAR 5 208.46689 41.69238 2.16 0.0609
VERT 1 3.86939% 3.8€933 0.20 0.6549
BLOCK*IRR 10 386.7142¢ 38.67143 2.00 0.035¢
IRR*CULTIVAR 10 333.65529 33.36553 1.73 0.0781
CULTIVAR*VERT 5 113.22721 22.64544 1.17 0.3244
IRR*VERT 34.91776 17.45888 0.90 0.4067
IRR*CULTIVAR*VERT 175.34033 17.53403 .91 0.5267

Table 2.17. General linear model summary of vield of marketable tubers, 1996.

Source Type III SS Mean Square F Value Pr > F
BLOCK 5 2025.6415 405.1283 5.06 6.0002
IRR 2 24703.1744 2351.5872 4.19 0.0001
CULTIVAR 5 3287.7%05 ©57.5581 8.21 0.0001
VERT 1 34.1294 34.1294 0.43 0.5148
BLOCK*IRR 1¢ 2374.4668 237.44¢67 2.96 0.0019
IRR*CULTIVAR 10 1156.2671 115.6267 1.44 0.1654
CULTIVAR*VERT 5 706.4035 141.2807 1.76 0.1230
IRR*VERT 2 223.5885 111.7943 1.40 0.2506
IRR*CULTIVAR*VERT 10 699.9901 69.9990 0.87 0.5589




Table 2.18. General linear model summary of vield of marketable tubers. 1997.

Source DF Type III SS Mean Sauare F Value Pr > F
BLOCK 5 €813.9070 1362.7814 26.72 0.0001
IRR 2 31826.9354 15913.4677 312.00 0.0001
CULTIVAR 5 1930.35%91 38€.0718 7.57 0.0001
VERT 1 107.3181 187.3151 2.10 0.14838
BLOCK*IRR 10 1877.8156 187.7816 3.68 0.0002
IRR*CULTIVAR 10 389.3237 38.9324 0.76 0.6€639
CULTIVAR*VERT S 553.7040 110.7408 2.17 0.0597
IRR*VERT 2 51.3712 25.6856 0.50 0.6053
IRR*CULTIVAR*VERT 10 489.0860 48.9086 0.96 0.4813

Table 2.19. General linear model summary of vield of nonmarketable tubers, 1996.

Source DF Type III SS Mean Scquare F Value Pr > F
BLOCK 5 182.421293 36.484259 1.68 0.1420
IRR 2 374.242893 187.12144¢6 8.62 0.0003
CULTIVAR 5 273.608654 54.721731 2.52 0.0315
VERT 1 285.200185 285.200185 13.14 0.0004
BLOCK*IRR 10 229.268574 22.926857 1.06 0.3993
IRR*CULTIVAR 10 795.932780 79.533278 3.67 0.000C2
CULTIVAR*VERT 5 191.017870 38.203574 1.7¢ 0.1239
IRR*VERT 2 88.758359 44.379180 2.04 0.1328
IRR*CULTIVAR*VERT 10 331.780802 33.178080 1.53 N.1333

Table 2.20. General linear model summary of yield of nonmarketable tubers, 1997.

Source DF Type III SS Mean Square F Value Pr > F
BLOCK 5 237.529225 47.505845 2.45 0.035%
IRR 2 977.476604 488.738302 25.19 0.00C1L
CULTIVAR 5 668.777147 133.755428 6.89 0.0C01
VERT 1 4.953445 4.353445 0.26 0.6146
BLOCK*IRR 10 369.178896 36.3178390 1.50 0.0480
IRR*CULTIVAR 10 439.580124 43.328012 2.27 0.0165
CULTIVAR*VERT 5 126.626591 25.325318 1.31 0.2641
IRR*VERT 2 30.333359 15.166680 0.78 0.4593
IRR*CULTIVAR*VERT 10 211.428180 21.142818 1.09 0.3728
Table 2.21. General linear mode] summary of total vield of tubers, 1996.

Source DF Type III SS Mean Square F Value Pr > F
BLOCK 5 2032.3388 406.4678 7.11 0.0001
IRR 2 28831.1638 14415.5344 252.20 0.0001
CULTIVAR 5 2349.2934 469.3587 8.22 0.0001
VERT 1 122.0105 122.0105 2.13 0.1459
BLOCK*IRR 10 2338.4775 233.8478 4.09 0.0001
IRR*CULTIVAR 10 987.4€53 58.7465 1.73 0.0784
CULTIVAR*VERT ) 439.3817 87.8763 1.54 0.1809
IRR*VERT 2 30.6143 15.3072 0.27 3.7654
IRR*CULTIVAR*VERT 10 239.7271 23.9727 0.42 0.9358
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Table 2.22. General linear mode} summary of total vield of tubers., 1997.

Source DF Type III SS Mean Square F Value Pr > F
BLOCK S 2630.2777 1138.0555 27.27 0.0001
IRR 2 42973.8554 21489.4297 514.89 0.0001
CULTIVAR 5 23867.5957 573.5191 16.14 0.0001
VERT 1 153.38C6 158.3806 3.79 0.0531
BLOCK*IRR 10 1591.7762 169.1770 4.05 0.0001
IRR*CULTIVAR 10 241.8683 64.1868 1.54 0.1300
CULTIVAR*VERT S 227.04:8 67.4090 1.62 0.1587
IRR*VERT 2 13.0300 6.5150 0.16 0.8556
IRR*CULTIVAR*VERT 10 350.4185 35.0420 0.84 0.5912
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