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Managing Herbicide Drift and
Early Results of Simulated Glyphosate Drift to Potato Study

Rick Boydston, USDA-ARS, Prosser, WA

The off target movement of herbicides can injure sensitive crops. Off target movement of
spray droplets results from displacement by wind, poor application techniques, or improper
settings or operation of application equipment. Applicators should be aware of wind speed and
direction, use nozzles and sprayer operating pressures that result in larger spray droplets, keep
sprayer boom height to a minimum, know what is in the spray tank, and be aware of neighboring
sensitive crops. Small spray droplets under 100 pm diameter are more subject to drift and result
from using smaller orifice nozzles and higher operating pressures. It is wiser to anticipate and
avoid problems of spray drift than to have to deal with them after the fact.

Potatoes can be sensitive to both drift and carryover (soil persistence) of certain herbicides.
An Idaho extension publication, PNW498, contains pictures and descriptions of many commonly
used herbicides that can injure potatoes from drift or carryover.

Herbicides that inhibit amino acid synthesis (Roundup, Raptor, Pursuit, Harmony, etc.) often
reduce potato leaf size and internode length. New leaves may turn yellow and plant growth is
slow. The potato crop may appear to recover, but tubers may have numerous growth cracks and
folds, and tubers yields greatly reduced.

Growth regulator type herbicides (2,4-D, MCPA, Banvel, Starane, Garlon, Stinger, etc.)
usually cause petiole and stem twisting, malformed leaves, and stem cracking. Leaves are often
cupped, wrinkled, with a wavy appearance with twisted, epinastic growth. New leaves tend to
exhibit more symptoms than older leaves.

Cell membrane disruptors (Goal, Gramoxone, Aim, Spartan, etc.) often cause spotting on
leaves that were exposed at the time of the drift. New leaves are often not affected due to limited
translocation of these herbicides within the plant.

Photosynthesis inhibitors (Bromoxynil, Princep, Atrazine, Karmex, etc.) cause chlorosis
(yellowing) of leaves followed by necrosis (death) or slow recovery if applied at sublethal rates.

Pigment synthesis inhibitors (Zorial, Callisto, Impact, Laudis, Command, etc.) block
carotenoid biosynthesis resulting in whitening (bleaching) of the leaves that may either slowly
recover or become necrotic (leaf death).

Various symptoms on potato tubers can develop from herbicide drift depending on the
herbicide, rate of herbicide, timing of the drift, and cultivar sensitivity. Tuber folds, cracks,
knobs, and reduced tuber size can result from herbicide drift. Other causes of unusual symptoms
on tubers that often mimic herbicide drift can result from nutrient shortages, diseases, water
excess or drought, wind or frost damage, high temperatures, or other pesticides.

Glyphosate Simulated Drift Study to Potato.

Glyphosate is the most used herbicide in the world and new crops tolerant of glyphosate
continue to be developed. As a result, glyphosate drift to sensitive crops is more likely to occur
with increased use of glyphosate. In 2008, a simulated glyphosate drift study was conducted on
Ranger russet potato at three locations; Ontario, OR (Dr. Joel Felix), Aberdeen, ID (Dr. Pam
Hutchinson), and Paterson, WA (Dr. Rick Boydston). At the Paterson location, glyphosate was
applied May 9, at 4 inch stage of potato; May 18, 6-8 inch tall potato (stolons swelling, early
tuber initiation); May 27, 10 to 15 inches tall, (tuber initiation to 0.5 inch diameter tubers); and
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June 13 at row closure (tuber bulking). Glyphosate was applied at 0, 0.0075, 0.048, 0.09, 0.19,
and 0.375 Ib ae/a in a spray volume of 20 gpa. Roundup Original Max was the glyphosate
formulation used and an ammonium sulfate adjuvant (Bronc, Wilbur-Ellis) was included.

Potato foliar injury was rated at 1 and 3 weeks after treatment (WAT) and photos of injury
recorded. Leaf discs from treated plants were collected and shikimic acid accumulation measured
at 1| WAT by Dr. Ian Burke, WSU-Pullman. Shikimic acid is an intermediate compound that
accumulates in glyphosate susceptible plants due glyphosate inhibition of an enzyme involved
the synthesis of aromatic amino acids. Potato tuber yield and grade were determined in
September and photos of tuber injury recorded. Tubers were held in cold storage and a 20 tuber
subsample (10 symptomatic, 10 non-symptomatic) from each plot will be planted in the spring of
20009.

Potatoes treated with glyphosate exhibited chlorosis (yellowing) of the newest leaves at the
higher rates of glyphosate tested and few or no symptoms at the lower rates of glyphosate tested.
Foliar injury at 3 WAT was greater than at 1| WAT. Potato foliage recovered from most
glyphosate applications and grew normally for the remainder of the season except for the higher
rates of glyphosate tested. Injury to potato foliage was greatest from May 18 and May 27
glyphosate applications and least with May 9 applications to 4 inch potato. Glyphosate rates of
0.0075 1b ae/a caused very minor or no visual injury and had little or no effect on tuber yield or
quality.

Shikimic acid levels in the leaf tissue at | WAT were correlated with glyphosate dose
following the May 18 application. The complete data set on shikimic acid levels was not
available at the time of this report.

Potato tuber yield was reduced most by glyphosate applications on May 18, whereas tuber
quality was reduced most by glyphosate application on May 27. Tubers produced from potato
plants treated in May had a high percentage of growth cracks, folds, and small sized tubers.
Glyphosate applied at potato row closure in June tended to cause more scaly skin lesions on
tubers and growth cracks on tuber ends.

Figure 1. Potato injury following glyphosate applications on May 9 (left) and May 27, 2008
(right).
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Figure 2. Potato U.S. #1 tuber yield as a function of foliar injury ratings at 3 WAT after treating
with simulated drift rates of glyphosate.
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Genotypic Differences in Advanced Breeding Lines for Resistances to Black
Dot and Powdery Scab

Charles R. Brown®, Nadav Nitzan', Dennis Johnson?, Jeff Miller®, Tom Cummings?, Dallas
Batchelor®, Chris Olsen’, Rich Quick®, Will Hutson', and Ricarda Castafieda’.

YUSDAJ/ARS, Prosser, WA; ? Dept Plant Pathology, Washington State University, Pullman; ¥
Miller Research, Rupert, 1D; ¥ Olsen Farms, Othello, WA; * Weather or Not, Pasco, WA

Introduction

The economics of potato production require that the industry grow their crop more cheaply.
From the breeding side new varieties that are improved in resistance to pests and diseases and the
physical stresses that assault the crop will contribute to the solution. Powdery scab
(Spongospora subterranea) has been steadily increasing its geographic coverage, growing from
an unusual occurrence to widespread in certain areas. Russet skin varieties are not heavily
damaged on the tuber, but may have substantial yield loss due to impairment of root function.
Growers report an inability to use Russet Burbank and Umatilla on ground with heavy powdery
scab. Total yield is reduced from historic averages and underrepresentation in the large tuber
categories lowers incentive payments on contracts to unprofitable levels. Unfortunately, no
fungicidal or fumigation treatments that have been tried appear to work. However, there are
promising results in germplasm evaluation that indicate that resistance to root colonization may
exist in breeding materials and advanced materials with commercial potential. Black dot
(Colletotrichum coccodes) is also a relative newcomer on the scene. Little is known about it and
levels of resistance are unexplored. It appears to be another profit-stealer that makes potato
growing more of a challenge. Black dot varies greatly with year and location. It may appear to
be an active pathogen that shortens the vegetative period with early dying type symptoms of
sudden stem death. Alternatively, it may appear to come in as a saprophyte after the potato
foliage has died. Easily confused with Verticillium wilt, it was recognized only within the last
decade as a significant factor.

Approach

We have attempted to categorize resistance to black dot (BD) and powdery scab (PS) in field
experiments. In the case of PS, plants were hand dug before the onset of senescence. The root
systems were rated on a subjective scale for the degree of galling. We also measured the fresh
and dry weight of the recovered root system. Fresh weight and percent dry matter of the root are
presented here. In the case of BD we have harvested stems from senescing plants, excised stem
disks at various intervals up the stem, and plated these out on appropriate medium to detect
presence of the fungus. We also employed a technique in 2008 where we harvested the stems
and allowed them to air dry. During the drying, BD sclerotia appeared on the epidermis of the
stem at varying distances measured on a basal to apical axis. The total distance was measured
when the stems were completely dried. We also measured the incidence of detectable BD in the
basal end of the tuber. This was accomplished by excising a small piece of tissue with sterile
instruments after sterilizing the surface of the tuber with dilute bleach. The excised tissue was
plated onto appropriate medium.

Results

A summary of PS root galling results over five year-locations is given for germplasm entries and
commercial cultivars in Table 1. The breeding lines PA98NM38-1, PA95B2-4, PA98N5-2,
PO94A010-10, and PO94A09-7 were the most resistant breeding lines.
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Table 1. Frequency of resistant reactions of breeding lines and cultivars in five field tests.

Field trials screening out come ”

Selection * 04-1D 04-WA  05-WA 06-WA 07-WA Frequency of resistance *
PA98NM38-1 R R R R R 5/5
PO94A009-10 R R R R S 4/5
PA95B2-4 R R R S S 3/5
PA98N5-2 R R R S S 3/5
POROOHG5-1 R S R S S 2/5
PO94A009-7 R R R S nt 3/4
PO94A012-2 S R R nt nt 2/3
Summit Russet nt nt nt R R 2/2
Russet Burbank S S S S S

Russet Ranger S S S S S

Umatilla Russet S S S S S

Shepody S S S S S

* Selections with greater (P<0.05) resistance to root galling than the standard cultivars Russet Burbank, Russet Ranger,
Umatilla Russet and Shepody in two or more trials.

Y04, 05, 06, 07 = 2004, 2005, 2006, and 2007; ID = Rexburg, Idaho; WA = Moses Lake, Washington; R= resistant; S=
susceptible; nt = not tested.

 The number of trials the selection had a greater (P<0.05) resistance to root galling than the standard cultivars Russet
Burbank, Russet Ranger, Umatilla Russet and Shepody. Excerpted from Nadav et al. 2008.

Likewise a summary of results over three years is given in Table 2 for disease severity based on
culturing out the BD pathogen at different heights along stems.
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Table 2. Results over three years of screening for black dot resistance. Disease Severity
based on detection of Colletrotrichum coccodes in stem disks. Shaded breeding lines
demonstrate resistance. Excerpted from Nadav et al., 2009

\P/(;trailg(t)ySelection or 2006 2007 2008

‘ RIS (?A,S)'a RIS '(?)Z)' RIS l(?,/f)'
A0012-5 R 38 R 32 S 46
A00681-7 R 39 R 41 S 59
A0073-2 R 21 S 85 S 63
A95109-1 R 38 S 94 S 48
PAOONG-1 R 19 S 68 S 71
PA95B2-4 S 54 R 48 R 26
PA98NS5-2 S 64 S 83 S 60
PA9BNM38-1 R 25 R 46 R 38
PO94A009-7 R 19 S 55 R 19
PA9IN82-4 S 42 S 49 S 52
POROOHG5-1 R 29 S 61 R 21
Russet Summit R 21 R 42 S 75
Russet Norkotah S 35 S 86 S 57
Shepody S 88 S 91 S 47

The dramatic coincidence of three clones with the highest levels of resistance to both black dot
and powdery scab is the most noteworthy result of these two studies (PA95B2-4, PA9SBNM38-1,
and PA94A009-7).

Survey of components of resistance in Tri-State and Western Regional Trial
Entries.

On an annual basis groups of advanced clones are planted in multiple sites for evaluation of
yield, disease and pest resistance and post harvest processing and culinary quality. We took
advantage of this to measure certain components of resistance in BD plus PS infested fields.

We measured the root and crown fresh weight. The results are shown in Figure 1.
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Figure 1. Fresh root and crown weight of Tri-State and Western Regional Trial entries.

Chipeta is renowned for its late maturity and large size and its huge root system comes as no
surprise. It is interesting to note however that AO98282-5 and A97066-42LB are also able to
maintain a large mass of roots in this infested soil.

The percent dry matter of the root systems was also determined. These results are depicted in
Figure 2. This measurement has the intent of emphasizing genotypes that retain moister roots.
This is a sign of a healthier root system in the face of the damaging effects of PS.

Black dot invades the stem and remains relatively inactive until the plant enters into senescence.
Upon stem death, black dot sclerotia are often seen on the surface of the stem, around the crown
of the plant and on the surface of shallow roots. One technique to assess resistance is to harvest
senescing stems and allow them to air dry. The extension of the sclerotia up the stem is
theoretically a measure of susceptibility. The expansion of BD sclerotia up stems that were
harvested and allowed to air dry is shown in Figure 3.
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Figure 3. Expansion of sclerotia up the stems of harvested and drying stems. Tri-State and

Western Regional Trials.
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Interestingly, A97066-42LB and A96814-65LB, clones that have resistance to late blight, show
considerable restriction of BD sclerotia expansion up the stems.

The ability of BD to invade tubers is a component of resistance. We tested for the presence of
BD at the stolon end. These results are shown in Figure 4.
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Figure 4. Incidence of infection of the stolon end of tubers by the Colletotrichum coccodes.

It is interesting to note that A97066-42LB occurs at the resistant end of the scale with a percent
stolon end infection of 2.5.
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To make sense of these measurements we included a clone for each trait on a list if its rating
occurred in the top third of the range (i.e., indicating greater resistance). All the clones that had
two or more attributions were placed in Table 3.
Table 3. Clones that have at least two upper third attributions for
traits contributing to resistance to Black Dot and Powdery scab
Lc;W Low High :'gh
Clone y Sclerotia | Moist. oot
tuber expansion | Roots Fresh
inf Weight
A00646-4 © ©
AOTX95265-
2ARuU
A97066-42L B
AC96052-1Ru
CO97215-
2P/P
A00286-3Y
Ilvory Crisp
PAOON32-4
AC99330-
1P/Y
PAOON14-2
C0O97087-
2RU
A096365-2 ©
Chipeta
A098282-5
ATTX961014-
1R/Y
ATTX98500-
2PIY

©

©|0

Gl 6 6|6 O

© |6 © 6|6l ©

©

© |6 © |©|©
©

066 O

© | © 666

A total of fourteen breeding lines and two varieties appear in this table. If we apply a stricter
standard and include clones that have three or more attributions we arrive at Table 4.
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Table 4. List of clones with three attributions for components of resistance to black dot and

powdery scab. Pedigrees are also given.

Low % Low High | High
Pistillate Pollen tuber sclerotia | Moist | Root
Clone . . .
Parent parent infection | expansion . Fresh
BD BD Roots | Weight
AOTX95265- A89216-9 | A86102-6 © © ©
2ARuU
A97066- AWNS86514-
42LB 5 A86102-6 © © ©
ACI6052- A81386-1 | GemStar © © ©
1Ru
C097215- C094183-
>P/p C094163-1 1 © © ©

Analyzing the ancestry of the four top clones, the parent A86102-6 appears twice and the variety
GemStar Russet once. The clone AWNB86514-2, which appears once, possesses a high level of
resistance to late blight. These clues are helpful in trying to pin down sources of resistance and
guidelines for future crossing.

Summary

Surprisingly, our initial testing for resistance to PS and BD resulted in three clones that are
resistant to both pathogens at high levels in different environments. A further intriguing
connection is that the three originated from a backcrossing program to incorporate resistance to
Columbia root-knot nematode originating form the wild species Solanum bulbocastanum.
However, they also had, in their geneaology, two successive backcrosses to Summit Russet. It
appears that the more important clue is the Summit Russet. Our conclusion is that Summit
Russet is an important contributor to both BD and PS resistance. Our work with these two
diseases will continue with field tests and greenhouse measurements of root development with
and without inoculation with BD and PS.
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Potato consumption on oxidative stress, inflammatory damage and
Immune response in humans

Boon P. Chew and Jean Soon Park
School of Food Science
Washington State University
Pullman, WA

ABSTRACT

Background: Pigmented potatoes contain high concentrations of antioxidants including phenolic
acids, anthocyanins and carotenoids, which are implicated in the inhibition or prevention of
cellular oxidative damage and chronic disease susceptibility.

Objective: The purpose of this study was to assess the effects of pigmented potato consumption
on oxidative stress biomarkers, inflammation and immune response in healthy adult males.
Design: Free living healthy male participants (18-40 yr; n=12/group) were given 150 g of
cooked white- (WP), yellow- (YP) or purple-flesh potatoes (PP) once a day for 6 wk in a double-
blinded study. Blood was collected at baseline and wk 6 to analyze total antioxidant capacity,
DNA damage (8-OHdQG), protein oxidation, lipid peroxidation, C-reactive protein (CRP),
inflammatory cytokines, lymphoproliferation, NK cytotoxicity and phenotypes. Potatoes were
analyzed for total antioxidant capacity, phenolic acids, anthocyanins and carotenoids.

Results: Participants fed YP and PP had lower (P < 0.08) plasma IL-6 compared to those fed
WP. A concurrent decrease (P < 0.08) in CRP concentration was observed in the PP group.
Lower concentrations of 8-OHdG were observed in subjects fed either YP (P < 0.03) or PP (P <
0.08) compared to those fed WP. Total Tc cells were lower while B cells were higher in PP
compared to the WP group (P < 0.05). Compared to WP, YP had high concentrations of phenolic
acids (P <0.002) and carotenoids (P < 0.001), while purple potatoes had high concentrations of
phenolic acids (P < 0.002) and anthocyanins (P < 0.001).

Conclusions: Pigmented potato consumption reduced inflammation and DNA damage, and
modulates immune cell phenotype in healthy adult males.
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INTRODUCTION

Diets rich in antioxidants are associated with a lower incidence of chronic diseases such
as cardiovascular disease and cancer. Research has demonstrated that antioxidants such as
phenolic acids, anthocyanins and carotenoids have been shown to reduce LDL oxidation, reduce
DNA damage, inhibit cell proliferation and decrease CRP production, while improving immune
cell function. The potato is the most commonly consumed vegetable in the US. In addition to
high concentrations of vitamin C and iron, some potato cultivars are rich in phenolic acids,
anthocyanins and carotenoids. Phenolic acids, such as chlorogenic acid, are found in white,
yellow and purple potato cultivars. Purple-flesh cultivars have 186% more antioxidants
compared to white-flesh potatoes, most notably due to the presence of anthocyanins, and have 3-
4 fold more phenolic acids. Yellow-flesh cultivars are rich in lutein and zeaxanthin and can
provide up to 10-fold more carotenoids than their white-flesh counterparts. We studied the
potential health benefits of consuming pigmented potatoes on oxidative stress markers,
inflammation and immune response in healthy humans.

MATERIALS AND METHODS

Healthy male participants between 18 and 40 y old were recruited from Washington State
University and the surrounding communities. Exclusion criteria included chronic diseases,
infection, and the use of tobacco, anti-inflammatory drugs and antioxidant supplements.
Antioxidant supplements were avoided, and pigmented potatoes were not consumed outside of
the study.

Free-living participants (n=12/group) were assigned in a randomized double blind,
placebo-controlled experimental design to be fed the following: 1) white-fleshed Russet (WP), 2)
yellow-fleshed (YP), or 3) purple-fleshed (PP) potatoes. Randomization was based on their
baseline (wk 0) BMI. Participants consumed a total of 150 g of cooked potato daily for 6 wk. In
order to maximize compliance, participants consumed their potatoes at our research site between
16:00 and 18:00 h. During the intervention period, participants kept a 3 d dietary log. Height and
weight measurements were taken at baseline (wk 0) and the end of the intervention period (wk
6).

The white- (Ranger Russet), yellow- (PORO3PG6-3), and purple-flesh (PORO4PG82-1)
potatoes were grown locally in Washington State in 2007 (USDA-ARS, Pomeroy, WA). In order
to maximize retention of bioactive compounds, whole potatoes were boiled in a steam kettle for
approximately 25 min, immediately cut into quarters, frozen in sealed small plastic bags, and
stored at -35 °C until use. Appropriate amounts of potatoes were thawed and cooked every day.
To minimize destruction of the bioactive compounds, potato recipes utilized quick-cook methods
such as soups, mash and stir-fry. Butter, milk or vegetable oil was used in potato preparation, and
condiments such as ketchup or hot sauce were made available to the participants. Fasting blood
was collected from all participants at baseline (wk 0) and at the end of the intervention period
(Wk 6).

Blood assays. Blood collected at baseline and week 6 was analyzed for the following:
plasma total antioxidant capacity (TAC), C-reactive protein (CRP), DNA damage biomarker ( 8-
hydroxydeoxyguanosine, 8-OHdQG), protein carbonyl and lipid peroxidation (TBARS). Immune
response measured included the inflammatory cytokines (IL1-a, IL-1, IL-2, IL-4, IL-6, IL-8,
IL-10, IFN-y and TNF-a), lymphocyte phenotyping by two-color flow cytometry, mitogen-
induced lymphocyte proliferation response, and natural killer (NK) cell cytotoxicity,
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RESULTS
Demographics of the participants are presented in Table 1. All participants (n = 36)
completed the study. No significant treatment differences were observed in age or BMI. Total
caloric intake based on a 3 d dietary recall was lower (P < 0.02) in the PP treatment compared to
YP or WP. There was no significant treatment x wk interaction for BMI. Participant compliance
was excellent and no adverse side effects were reported.

Estimated amounts of antioxidants consumed daily by study participants are shown in Table
2. Total phenolics in YP and PP were about 1.5-fold greater than WP. The YP group consumed
between 30 and 38-fold more carotenoids than WP or PP. The WP and YP groups consumed few
anthocyanins while the PP consumed at least 24-fold more. Total antioxidants, assayed by TAA,
were almost 2-fold higher in PP compared to YP, and YP was 3-fold higher than WP.

C-reactive protein. Plasma CRP concentrations in PP (1.3 ng/L) were lower (P < 0.08) than
in WP (3.4 ng/L) at wk 6 (Figure 1). Concentrations also tended to be lower in YP (1.8 ng/L)
than WP.

DNA damage. Plasma 8-OHdG concentrations in YP (27.3 ng/mL, P <0.03) and PP (29.4
ng/mL, P < 0.08) were significantly lower than in WP (37.6 ng/mL) at wk 6 (Figure 2).

Total antioxidant capacity. There was no significant treatment difference in plasma TAC
after 6 wk of potato consumption however, TAC in YP and PP treatments (2.2 mM) tended (P >
0.05) to be higher in WP (1.9 mM) (Table 3).

Protein carbonyl. Plasma protein carbonyl content showed no significant difference
between treatments at wk 6. Plasma protein carbonyl averaged 6.1 nmol/mL across all treatments
(Table 3).

Lipid peroxidation. ~ Concentrations of plasma TBARS were not significantly different
among treatments at wk 6 (Table 3).

Cytokine production. Plasma cytokine concentrations are shown in Table 4. Concentrations
of plasma IL-6 in YP (P < 0.08) and PP (P < 0.08) treatments were lower compared to WP
(Figure 3). In contrast, no significant differences were observed in plasma IL1-a, IL-1p, IL-2, IL-
4, IL-6, IL-8, IL-10, IFN-y and TNF-a concentrations among treatments.

Lymphocyte phenotypes. The distribution of different lymphocyte subpopulations are
shown in Table 5. The B cell population at wk 6 was higher (P < 0.03) in PP (9.3%) than in WP
(6.7%) (Figure 4). Among the different T cell subsets, subjects in YP generally had higher
percentages of total T cells and Th cells than in WP. The Tc cell population in PP (25.0%) but
not in YP (28.5%) was lower (P < 0.05) than in WP (28.5%) (Figure 4). The ratio of Th:Tc was
similar among treatments, averaging 1.3. Subjects in PP tended to have the highest percentage of
NK cells (26.3%). These results suggest that subjects in YP had numerically lower B and NK
cell subpopulations and higher T cell populations than WP. Those in PP tended to have higher B
and NK cell populations but lower T cell populations.

Lymphoblastogenesis. Lymphoproliferation induced by B and T cell mitogens. No
significant treatment differences were observed in lymphocyte proliferation (Table 6).

NK cell cytotoxicity. NK cell cytotoxicity showed no significant differences in NK cell killing
efficiency among treatments (Table 7).

DISCUSSION
This is the first study to address the effects potato consumption on antioxidant status,
oxidative stress, inflammation and immune status in humans. Consumption of pigmented
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potatoes (YP and PP) decreased 8-OHdG concentrations and IL-6, while consumption of PP also
decreased CRP concentrations, decreased Tc cells and increased B cells when compared to WP.

Although fasting total antioxidant capacity did not increase, it appears that YP and PP
helped prevent oxidative stress associated with DNA damage. Participants in YP and PP had
significantly lower concentrations of 8-OHdG, a biomarker of DNA damage. Pool-Zobel et al.
(38) reported a significant decrease in DNA damage in healthy males after supplementation with
fruit and vegetable juices high in B-carotene, a-carotene, lutein and lycopene. In the present
study, healthy males supplemented for 6 wk with 150 g of potatoes high in carotenoids or
anthocyanins had reduced DNA oxidation. Therefore, it is plausible that consumption of yellow
and purple potatoes may reduce DNA damage in smokers or individuals with chronic diseases.
The prevention of oxidative DNA damage by antioxidants is likely mediated by quenching ROS.

As a biomarker of inflammation, elevated CRP concentrations have recently been
implicated in chronic disease development and progression. CRP is produced by the liver in
response to the inflammatory cytokine IL-6; reducing circulating CRP can prevent chronic
disease development or disease progression. In this study, purple potatoes, a good source of
anthocyanins, significantly reduced CRP and IL-6 concentrations in healthy males; plasma IL-6
concentration was significantly lower in YP than in WP. Plasma CRP was about 2-fold lower in
YP than in WP, albeit not significantly. The WP demonstrated a non-significant increase in CRP
concentrations at wk 6 compared to baseline. These results imply that PP and YP consumption
could potentially alleviate inflammatory symptoms associated with chronic diseases such as
cardiovascular disease, rheumatoid arthritis, and inflammatory bowel diseases. Antioxidants
likely decrease inflammation by down-regulating the pro-inflammatory NFxB gene, which is
responsible for cytokine production in immune cells. Reduced plasma IL-6 concentrations will
therefore inhibit IL-6-stimulated CRP production by the liver.

The total antioxidant status of our study participants was only marginally affected by
potato supplementation. This result was surprising because a preliminary study in our laboratory
indicated that plasma antioxidant status increased by 160% measured 6 h after consumption of
300 g of purple potatoes. Anthocyanins are absorbed into plasma within 15-60 min after
consumption; urinary excretion is complete within 6-8 h and typically less that 1% of ingested
anthocyanins are absorbed. In this study, fasting blood samples were taken at least 14 hr after
potato consumption; therefore, the discrepancy in plasma antioxidant status between the two
studies is likely due to the low absorption and rapid clearance of anthocyanins from the blood
stream. Compliance was not considered an issue in this study, therefore decreases in oxidative
damage and inflammation observed in this study may be attributed to phenolic acid, carotenoid
or anthocyanin concentrations from the potatoes.

Analysis showed that all potato cultivars contain high concentrations of total phenolics.
As expected, the yellow potatoes had highest concentrations of toatal carotenoids while the
purple potatoes had high anthocyanin concentrations.

The beneficial effects of carotenoid antioxidants on immune function have been well
documented. The Tc population in the PP was significantly lower compared to WP, whereas the
B cell population was significantly higher. No other significant changes in lymphocyte subsets
were observed among the potato treatments, and all lymphocyte percentages were within normal
range. These results imply that anthocyanins from purple potatoes may decrease Tc cell but
increase B cell subpopulations.

In conclusion, consumption of yellow and purple potatoes decreased DNA oxidative
damage and inflammation associated with IL-6 production. In addition, consumption of purple
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potatoes decreased concentrations of the acute phase protein, CRP. The potential physiological
benefits of consuming pigmented potatoes should be explored in persons with chronic disease.

TABLE 1
Demographic characteristics of participants
WP YP PP

Age (y) 21.4+1.0 23.1+1.4 224+14
BMI (kg/m?)

Week 0 25.0+1.1 258 +1.1 254+1.0

Week 6 251 +1.1 259+1.1 252 +1.1
Ethnicity (n)

Caucasian 11 11 10

Asian 1 1 2
Caloric intake, kcal/d 2579 + 141° 2620 + 141° 2100 + 141°

®® Different letters represent significant treatment differences (P < 0.05) as analyzed by ANOVA
(n=12). Values are mean + SE.

TABLE 2
Estimated average daily intake of bioactive compounds based on 150 g potato consumed
Treatment  Total phenolics' Total Total Total antioxidant
carotenoids’ anthocyanins' activity'
White 49.6 43.0 0.0 39.7
Yellow 72.9 1323.8 6.8 125.3
Purple 83.2 34.9 166.3 2254
"'mg/150 g cooked potato

? ng/150 g cooked potato
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TABLE 3
Oxidative stress biomarkers in participants fed white (WP), yellow (YP), or purple (PP) potatoes
for 6 wk'-?

Treatment TAC Protein carbonyl TBARS
(mM) (nmol/mL) (UM)
WP 1.9° 5.6° 1.1°
YP 22° 6.3° 1.1°
PP 22° 6.5° 1.1°
Overall SE 0.1 0.2 0.1

'Data were analyzed by ANCOVA (n =12) using wk 0 as a covariate.
? There were no significant treatment differences.

TABLE 4
Plasma cytokine concentrations (pg/mL) in participants fed white (WP), yellow (YP), or purple
(PP) potatoes for 6 wk.'

Treatment IL-loe IL-1fB IL-2 IL-4 IL-6 IL-8 IL-10  IFN-y TNF-a

WP 10.6 38.8 23.8 24.4 30.2° 52 14.6 3.6 15.4
YP 11.6 40.8 23.8 232 16.6° 3.8 13.0 3.6 15.0
PP 10.8 39.0 244 25.2 16.8° 4.4 12.8 4.0 15.0

Overall SE 0.3 0.7 0.4 0.5 3.0 0.4 0.6 0.6 0.4

'Data were analyzed by ANCOVA (n =12) using wk 0 as a covariate.
*® Different letters denote significant difference (P < 0.08).
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TABLE 5
The percent of lymphocyte subsets in participants fed white (WP), yellow (YP), or purple (PP)
potatoes for 6 wk.'

Treatment B Total T Th Tc Th:Tcratio  NK cells
WP 6.7° 64.3 30.6 28.5° 1.2 243
YP 6.5 68.3 35.8 28.5° 1.3 20.6
PP 9.3° 60.4 30.0 25.0° 1.3 26.3
Overall SE 0.5 1.5 1.3 0.6 0.1 1.3

" Data were values were analyzed by ANCOVA (n = 12) using wk 0 as a covariate.
® Different letters denote significant difference (P < 0.05).

TABLE 6
Mitogen-induced lymphoproliferation (cpm) in participants fed white (WP), yellow (YP), or
purple (PP) potatoes for 6 wk."

Treatment PHA, PHA, ConA, ConA, PWM, PWM,

100 mg/L  20mg/L 100 mg/L 20 mg/L 50 mg/L 10 mg/L

WP 17456 3574 14846 9483 4080 3661
YP 16199 3981 15201 10190 5094 5079
PP 15672 4740 12930 8015 3688 3413
Overall SE 1360 757 1009 838 453 475

'Data were analyzed by ANCOVA (n =12) using wk 0 as a covariate.
?No significant treatment difference (P < 0.05) in lymphoproliferation was observed.

2009 Proceedings of the Washington State Potato Conference 19



TABLE 7
NK cell cytotoxicity (% killing) in participants fed white (WP), yellow (YP), or purple (PP)
potatoes for 6 wk."

Treatment Target : Effector cell ratio
(1:1) (1:5)
WP 97.7 78.2
YP 96.7 86.3
PP 91.2 82.8
Overall SE 4.2 2.6

'Data were analyzed by ANCOVA (n =12) using wk 0 as a covariate.
?No significant treatment difference (P < 0.05) in NK cytotoxicity was observed.

3.5 1

3.0 1

2.5 A

2.0 A

1.5 A

1.0 A

C-reactive protein (ng/L)

.

0.5 -

0.0 T T
WP YP PP

Figure 1. Plasma CRP concentrations in subjects fed white (WP), yellow (YP) or purple (PP)
potatoes for 6 wk. Data were analyzed by ANCOVA using wk 0 as a covariate. Different
symbols above each bar denote significant difference compared to WP (P < 0.08).
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Figure 2. Plasma concentrations of 8-hydroxydeoxyguanosine in subjects fed white (WP),
yellow (YP) or purple (PP) potatoes for 6 wk. Data were analyzed by ANCOVA using wk 0 as a
covariate. Different symbols above each bar denote significant difference compared to WP (‘P <
0.05, "P < 0.08).
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Figure 3. Plasma concentrations of IL-6 in subjects fed white (WP), yellow (YP) or purple (PP)
potatoes for 6 wk. Data were analyzed by ANCOVA using wk 0 as a covariate. Different
symbols above each bar denote significant difference compared to WP (‘P < 0.08).
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Figure 4. Percent lymphocyte Tc and B cells in subjects fed white (WP), yellow (YP) or purple
(PP) potatoes for 6 wk. Data were analyzed by ANCOVA using wk 0 as a covariate. Different
symbols above each bar denote significant difference compared to WP ( P <0.05).
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Relative roles of tuber and soilborne inoculum in the development of
Verticillium wilt in the potato cultivar “Russet Burbank”

Jeremiah Dung and Dennis A. Johnson

Department of Plant Pathology, Washington State University, Pullman 99164-6430

INTRODUCTION

Verticillium wilt of potato is a disease of major economic importance to potato growing
regions in North America. The primary causal agent of Verticillium wilt in the Pacific
Northwest (PNW) is Verticillium dahliae, a soilborne fungal pathogen with an extensive host
range and widespread distribution. Although no sexual stage is known to occur, genetic diversity
does exist in the form of several distinct vegetative compatibility groups (VCG). Isolates from
potatoes and PNW potato fields are predominantly VCG 4A and VCG 4B, and VCG 4A isolates
have been found to be more aggressive on potato than other VCGs (4, 7, 8). Symptoms of
Verticillium wilt of potato include leaf epinasty, wilting and chlorosis, which progress
acropetally and often occur unilaterally. Entire stems eventually become necrotic and senesce
prematurely, but remain upright. Vascular discoloration in stems and tubers is often associated
with VW infection, but may also result from physiological factors or other pathogens and thus is
not diagnostic. Reports on the effects of Verticillium wilt on yield are variable, ranging from
12% to 30% or more, and reductions in potato yields are not necessarily correlated with above
ground symptoms. Yield reductions and symptom expression are influenced by soil and
environmental conditions (9) and can be more pronounced during periods of heat stress and high
rates of evapotranspiration. Synergistic interactions between Pratylenchus penetrans, the root
lesion nematode, and VCG 4A isolates of V. dahliae can increase disease severity, lower the
disease thresholds of both pathogens and severely reduce yields.

Primary inoculum in soil consists of microsclerotia, which form during plant senescence
and can persist in soil for long periods of time. Reported disease thresholds for Verticillium wilt
in potato range between 5-30 cfu/cm’ of soil for V. dahliae alone and 2-13 cfu/cm’ soil when P.
penetrans is present (9). Microsclerotia are stimulated to germinate in response to host root
exudates and hyphae invade the cortex and xylem, where it produces abundant conidia which are
systemically translocated through the host vascular system. Root colonization of resistant and
non-hosts has also been shown to occur, however the fungus appears to be prevented from
extensively colonizing the cortex or xylem (1). A short saprophytic phase occurs at host
senescence, during which V. dahliae produces conidia and microsclerotia in colonized tissue.
Conidia are short-lived and not thought to be significant in disease progress or development.
Microsclerotia production is most abundant on aerial stems and colonized host debris can
increase inoculum levels if incorporated into the soil. Furthermore, infested soil carried on seed
tubers has been shown to contribute to Verticillium wilt symptoms (10, 11).

In addition to soilborne inoculum, intratuber inoculum of V. dahliae can be found in the
vascular system of certified seed tubers. A 1968-1969 survey detected Verticillium albo-atrum
and V. dahliae in 39% of 244 certified seed lots, with incidence in lots typically between 1-2%
and rarely greater than 5% (2). A more recent study of seed lots imported from northern Europe
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to Israel between 1995 and 1998 detected V. dahliae in 20 to 30% of seed lots at incidences < 5%
and found up to 16% of seed lots with V. dahliae infection in >5% of seed tubers (12). Surveys
of 224 seed lots intended for North American production fields in 1995 and 1996 detected V.
dahliae in 29% of the lots and 3.6% of the seed tubers, of which 64% of isolates were VCG 4A,
33% were VCG 4B and 3% were VCG 4AB (8). The detection of V. dahliae in certified potato
seed lots and prevalence of the more aggressive VCG 4A in both seed tubers and PNW fields (7)
may have important implications in both seed and production systems as well as the
epidemiology and distribution of the disease.

Despite the prevalence of V. dahliae in certified commercial seed lots, the contributions
of intratuber inoculum in the development and epidemiology of Verticillium wilt are not fully
understood. Robinson et al. (10) determined that vascular infection of seed tubers by V. albo-
atrum did not cause symptomatic plants in several potato cultivars. A 1979 field study found no
effect of intratuber infection by V. dahliae on plant growth, disease symptoms, yield or quality in
the potato cultivar “Norgold Russet” (3), however, severity of wilt resulting from intratuber
infection can vary among cultivars (10) and the effects of vascular infection by V. dahliae in
seed tubers has not been evaluated in “Russet Burbank”, the major cultivar under production in
the PNW. The objectives of this study were to: (i) determine the relative roles of intratuber and
soilborne inoculum in the development of Verticillium wilt symptoms in the potato cultivar
“Russet Burbank™; (i1) compare plants grown from apical and basal-end seed pieces cut from
infected seed tubers, since vascular infection of progeny tubers presumably occurs via
underground stolons; (iii) quantify incidence of vascular host colonization, microsclerotial
production on senescent stems and the incidence of infected progeny tubers to assess the
potential contributions of seed tuber infection to overwintering inoculum.

MATERIALS AND METHODS

Seed tuber assays. Seventeen seed lots of potato cultivar “Russet Burbank”, which is
moderately susceptible to Verticillium wilt, were obtained in 2007 from Washington (WA),
Idaho (ID), Montana (MT), and Alberta, Canada certified seed sources and assayed for natural V.
dahliae infection. A total of ten WA, ID and MT certified seed lots were assayed in 2008. A
random sample of thirty-five tubers from each lot were thoroughly scrubbed with a sponge under
running distilled water and allowed to air dry. A ~15 mm round disk which included vascular
tissue was aseptically cut from the stem-end of the tuber and plated onto either modified potato
dextrose agar (5), NP-10 medium, or both. Plates were incubated at 23° C for 14 days. Positive
identification of V. dahliae colonies was verified by sub-plating onto potato dextrose agar when
necessary and eleven tubers were selected for use as naturally infected seed piece treatments.
Eleven tubers were chosen as noninfected seed piece treatments based on negative results in the
plate assays. Care was taken to use tubers in which other fungal pathogens (e.g. Colletotrichum
coccodes, Fusarium spp.) were not detected.

Disease evaluation. Soil inoculum consisted of rye berries colonized with V. dahliae isolate 653
and was prepared. Isolate 653 was isolated from potato and identified as VCG 4A and
pathogenic on potato. Berries were ground in a mill and the ground inoculum was quantified via
serial dilution. Infested soil treatments were prepared by adding ground inoculum to 5.0 L of
Sunshine L2 greenhouse potting mix to achieve a concentration of approximately 10 CFU/cm’.
Ground noninoculated rye was added to the noninfested soil treatments. Approximately 32 g of
granular 16-16-16 N-P-K fertilizer was added to each pot prior to planting the seed pieces. The
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22 tubers selected in the assays previously described were cut aseptically crosswise and then
lengthwise into four equal sized pieces (approximately 60 g) with at least two eyes each. Blocks
consisted of four seed pieces derived from one infected tuber and four seed pieces derived from
one disease-free tuber; both seed tubers were from the same lot. Apical and basal-end seed
pieces were equally divided among seed and soil treatments. Pots were arranged in the
greenhouse as a randomized complete block (RCB) design with 11 replicates. The trial was
performed once in 2007 and repeated in 2008.

Disease symptoms were assessed at 65 days after planting and approximately weekly thereafter
until crop senescence (142 days for the first trial (2007) and 133 days for the second trial
(2008)). Plants were evaluated for total percentage of chlorosis and necrosis over the entire plant
as well as on a 1-6 scale where 1= no symptoms, 2 = slight chlorosis, 3 = extensive chlorosis (>
50% of plant), 4 = extensive chlorosis and necrosis > 25% of plant, 5 = extensive chlorosis and
necrosis >50% plant, and 6 = dead/nearly dead plant. Disease ratings and total chlorosis and
necrosis over time were converted to area under disease progress curves (AUDPC), area under
chlorosis progress curves (AUCPC) and area under necrosis progress curves (AUNPC).

Stem sampling and progeny tuber assays. A single aboveground stem from each plant was
destructively sampled when plants appeared to be within a week of senescence (after the plant
was >80% necrotic but before desiccation of the stem). A one cm section, taken 30 cm above the
soil-line, was plated onto NP-10 medium and incubated for one week to detect vertical stem
colonization of V. dahliae. The remaining stems were left to dry for 3 weeks in their containers
and visually assayed for V. dahliae microsclerotial colonization using a dissecting microscope.
Microsclerotial colonization was recorded as the percentage of stem colonization in relation to
total stem length; all remaining stems were assayed and results combined to calculate the mean
microsclerotial colonization per plant. A total of seven randomly selected progeny tubers from
each plant were assayed for V. dahliae infection as described above.

RESULTS

Seed tuber assays. Assays of certified seed lots intended for Washington State production fields
detected V. dahliae in 35% of lots with 2.0% of tubers infected in 2007 and in 70% of lots with
6.9% of tubers infected in 2008. Incidence of infected tubers within lots ranged from 0 to 11.4%
in 2007 and 0 to17.1% in 2008.

Disease evaluation. Mean AUDPC and AUNPC values were significantly (p < 0.05) higher in
potato plants grown in infested soil than in noninfested soil in both trials (Table 1). Significant
differences in AUDPC and AUNPC were not found (p > 0.05) between plants grown from
infected and noninfected seed tubers in noninfested soil. AUCPC was significantly higher for
the infected tuber treatment compared to the control treatment in the 2007 trial and mean
AUCPC was significantly higher for both infested soil treatments in the 2008 trial, however
these differences were not consistent over both years. Significant interactions or additive effects
were not detected between intratuber infection and soilborne inoculum in either 2007 or 2008.
Analysis of disease progress curves showed that necrosis and chlorosis began earlier in plants
grown in infested soil compared to those grown in noninfested soil (Figs. 1 and 2). Differences
in disease development were not found in plants grown from apical and basal-end seed pieces cut
from infected tubers, however mean AUNPC was significantly higher in plants grown from
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basal-end seed pieces during the 2007 trial (p < 0.03) and a significant seed piece x soil inoculum
interaction was also detected (p < 0.04).

A number of experimental units were lost due to bacterial soft rot during the 2008 trial.
Plants which failed to emerge were included in the ANOVA as missing data points. An entire
block became heavily infested with aphids approximately 100 days after planting and was not
included in the analysis, bringing the total number of experimental units down from 88 to 55.
Despite the reduction in degrees of freedom, ANOVA results from the 2008 trial were consistent
with those from the 2007 trial with regards to AUDPC, AUNPC and re-isolation data.

Stem sampling and progeny tuber assays. Vascular infection of seed tubers by V. dahliae did
not significantly (p > 0.05) contribute to aboveground vascular colonization, progeny tuber
infection or microsclerotia production in senescent stems compared to noninoculated controls
(Table 2). Plants grown in infested soil exhibited significantly (p < 0.05) more vascular
colonization by V. dahliae and produced significantly more V. dahliae-infected progeny tubers
than infected tubers grown in noninfested soil. Mean microsclerotial colonization was
significantly higher in plants grown in infested soil compared to plants grown from infected seed
pieces in noninfested soil. Mean microsclerotia colonization of stems originating from infected
tubers ranged from 0 to7% while stems obtained from plants grown in infested soil exhibited O to
91% mean colonization. V. dahliae was not detected in or on any stems or progeny tubers from
control treatments. Based on the combined stem assays, incidence of aboveground stem
infection in potato plants grown from infected tubers was 21% in the 2007 trial and 13% in the
2008 trial and 100% for plants grown in infested soil in both trials.

DISCUSSION

The role of soilborne microsclerotia as primary inoculum of V. dahliae has long been
understood, however, the pathogen can also be found in the vascular tissue of certified seed
tubers. Several field experiments have demonstrated that, despite the presence of Verticillium
spp. in certified seed lots (2, 8, 12), intratuber infection has little effect on Verticillium wilt
symptoms or potato yields in various potato cultivars. These studies, however, have either used
cultivars under limited current cultivation (3), artificially inoculated tubers (11) or V. albo-atrum
(10) and focused on the effects of tuber infection on aboveground symptoms, yield, quality and
vascular discoloration of progeny tubers. In addition, the potential contribution of seed tuber
infection to the formation of future inoculum, i.e. microsclerotia, was not previously quantified.
The results of this study show that intratuber infection exhibited a negligible effect on the
development of Verticillium wilt in the commonly grown but moderately susceptible potato
cultivar “Russet Burbank™ and does not significantly contribute to aboveground stem infection or
the formation of microsclerotia in debris.

Assays of certified seed lots detected higher levels of V. dahliae in 2008 compared to 2007.
Incidence of V. dahliae among and within certified seed lots sampled in 2007 was comparable to
previous survey of N. American seed lots (8). The higher incidence of the V. dahliae in 2008
may be due to the lack of seed sources from Canada, where the prevalent Verticillium species is
V. albo-atrum (9). Assays performed in 2007 did not detect V. dahliae in the four seed lots
obtained from Canada, however V. dahliae has previously been reported in Canadian-grown seed

(8).
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Previous studies of V. dahliae isolates collected from potatoes and PNW potato fields found
the majority of isolates to belong to VCG 4A and VCG 4B, with VCG 4A being highly
aggressiveness on potato compared to other VCGs (3, 7, 8). Although infected seed tubers used
in this study were not tested for infection by the more aggressive VCG 4A, the results of this
study are still of practical importance since naturally-infected tubers were used and the negligible
effect of intratuber infection on necrosis and disease progression was definitive for both trials (p
>0.73). In addition, the density of soilborne inoculum used (10 cfu/cm’ soil) was low,
especially considering a recent study which found that 37% of PNW fields intended for potato
production contained > 10 cfu/g soil and 6% had inoculum densities > 30 cfu/g soil (7).
Artificially inoculated tubers were not used since artificial inoculation does not simulate the
natural infection process and it is difficult to obtain a sufficient number of tubers for study.
Omer et al. (8) demonstrated that nearly two-thirds of infected seed tubers intended for
Washington production contained isolates of the more aggressive VCG 4A and approximately
one-third contained VCG 4B. It is reasonable to assume a roughly similar frequency of VCG
distribution was present in seed tubers used in this study.

A second, unrepeated experiment was performed to provide additional confirmation of the
results of the repeated trials. Tubers were taken from control and infested soil treatments in the
2007 trial and assayed for vascular infection as previously described. Infected tubers were taken
from artificially inoculated soil and presumed to be infected with V. dahliae isolate 653 (VCG
4A). Plants were grown from single-drop seed and soil inoculum administered as previously
described. Treatments consisted of infected tubers grown in infested soil and noninfected tubers
grown in infested and noninfested soil. Plants were arranged as a RCB in the greenhouse with
eight replications of each treatment. Mean AUDPC and AUNPC values, vascular and
microsclerotia colonization and progeny tuber infection were consistent with results obtained
from the 2007 and 2008 trials using naturally-infected seed tubers obtained from commercial
seed lots (data not shown).

The development of necrosis in V. dahliae-infected tubers and control plants was similar
in both trials, indicating that the senescence observed in infected tubers was natural (Fig. 1).
AUDPCs and AUNPCs of treatments grown in infested soil were similar regardless of intratuber
infection (Figs. 1 and 2). No interactive effects, either additive or synergistic, were detected
between soilborne and intratuber inoculum (p > 0.05). Treatment comparisons of mean AUNPC
and AUDPC were consistent between trials. Treatment comparisons of mean chlorosis yield
different results between trials, indicating that necrosis and/or disease ratings which incorporate
both necrosis and chlorosis may provide a more consistent evaluation of Verticillium wilt
symptoms. Comparisons of AUNPC values indicate that premature necrosis began between 95
and 105 days after planting in plants grown in infested soil, approximately one to two weeks
earlier than plants grown in noninfested soils regardless of intratuber infection.

The importance of soilborne inoculum in Verticillium wilt of potato, both for disease
development and long-term survival of the pathogen, has been recognized for quite some time.
Nitzan et al. (6) suggested that the distribution of soilborne C. coccodes inoculum in the root
zone provides more potential points of infection. Although not significant, apical-end seed
pieces planted in infested soil resulted in higher AUDPC and AUNPC values than basal-end seed
pieces in both trials (data not shown); the likely presence of more eyes on apical-end seed pieces,
which can sprout into infested soil and provide more opportunities for infection, provides one
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possible explanation. In addition to their distribution in the root zone, microsclerotia in soil are
capable of repeated germination and can essentially function as several CFU over time,
increasing their infection potential in comparison to conidia and reducing the number of
propagules required to cause disease.

Since vascular colonization is thought to be required for symptom development (1) it is
not completely understood why infection of V. dahliae in potato seed tubers does not result in
significant Verticillium wilt symptoms. Vascular colonization of aboveground stems was only
detected in a few plants grown from infected tubers, indicating that the pathogen does not readily
translocate from tuber vascular tissue to aboveground vascular tissue. Pathogen populations in
the vascular system of the tuber may be below the threshold required to colonize growing stems
and cause disease. The pathogen may also be compartmentalized in progeny tubers, either
during infection, storage or growth, preventing complete colonization of the seed tuber and
providing opportunities for sprouting eyes to escape infection. Prior research suggests that
vascular infection of seed tubers by V. dahliae is often unilateral (1), indicating that if occlusion
of the pathogen does occur it is likely during infection or storage. Previous studies on potato
have shown varietal differences in the progression and density of vascular colonization by V.
dahliae, with Verticillium wilt-resistant plants showing less vascular colonization than
susceptible ones (1).

The results of this study indicate that intratuber infection of seed tubers of potato cultivar
“Russet Burbank™ does not significantly contribute to symptoms, progeny tuber infection or
inoculum production in plant debris, hence management strategies should focus on soilborne
inoculum. Since vascular infection of seed tubers does not appear to significantly result in
vascular colonization or the production of microsclerotia in plant debris, infected seed tubers
probably do not contribute to soilborne inoculum. The possibility exists that soilborne V. dahliae
inoculum can be introduced into a field solely from infected seed pieces, which could be
important if the fungus, or novel strains of the fungus, are introduced into soils not previously
used to grow potatoes or where a management practice such as fumigation has been applied to
reduce soilborne inoculum. Since the use of soil fumigants is both costly and subject to future
restrictions, other methods of reducing V. dahliae propagules in field soils need to be utilized.
The use of partial or completely resistant cultivars, which can restrict vascular colonization and
subsequent microsclerotia formation by V. dahliae, have the potential to both reduce symptoms
and limit the amount of inoculum in field soils. Molecular detection methods, such as
quantitative polymerase chain reaction, can be utilized to help develop resistant cultivars and
monitor pathogen populations in the soil (1). A combination of control methods, including
resistance, pre-plant monitoring, crop rotation, green manures, proper sanitation and other
cultural practices will likely be necessary to sustainably manage potato production fields affected
by Verticillium wilt in the future.
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TABLE 1. Mean AUDPC, AUCPC and AUNPC values for potato cultivar
“Russet Burbank™ grown from V. dahliae-infected and noninfected tubers in the
presence and absence of soilborne inoculum.

Inoculum Source(s) AUDPC AUCPC AUNPC
2007 2008 2007 2008 2007 2008
Soil Tuber Trial* Trial Trial Trial Trial Trial
None None 217a 169a 1165a 814a 1749 a 1385a

None Infected 219a 169a 1544 b 832 ab 1781a 1475a
Infested None 274b 216b 1372b 1048c 3022b 1975b

Infested Infected 272b 216b 1529 b 992 bc 2905b 1916 b

& Teatment means compared with Fischer’s protected LSD; values with the same letter indicate no
significant difference within the trial (p > 0.05).

TABLE 2. Differences in vascular colonization, microsclerotia production and progeny tuber
infection between “Russet Burbank” potato plants grown from infected and noninfected seed
tubers.

Stem Colonization Microsclerotia Infected Progeny
Inoculum (% isolated at 30 cm Colonization Tubers
Source(s) above soil-line) (% total length) (% isolated)
2007 2008 2007 2008 2007 2008
Soil Tuber Trial® Trial Trial Trial Trial Trial
None None 0.0a 0.0a 0.0a 0.0a 00a 0.0a
None Infected 8.3a 6.7a 05a 0.3a 0.0a 00a
Infested  None 95.8b 92.3b 525b 46.1b 14.3 b 154 b
Infested Infested 95.8b 929b 478D 41.8c¢c 13.7Db 13.3b

® Treatment means compared with Fischer’s protected LSD; values with the same letter indicate no significant
difference within the trial (p > 0.05).

32 2009 Proceedings of the Washington State Potato Conference



100

Necrosis Progress Curve

90

80

70

/

/

/ =—4—Control

Infected Tuber

%% Necrosis

/
,//( / —d—TInfested Soil

+ Infested Soil

/ )/ / Infected Tuber
/
"

—
gﬁ‘éﬁ"_—"

60

80

100 120 140

Days after planting

Fig 1. Necrosis progress curves for potato plants grown from V. dahliae-infected and
noninfected tubers in infested and noninfested soil in 2007.
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Tobacco Rattle Virus.....An Old Problem with New Symptoms

Philip B. Hamm*! and Jim Crosslin?
'Oregon State University, Hermiston Ag Research & Extension Center, Hermiston OR and
2USDA ARS, Prosser WA

Tobacco Rattle Virus (TRV) has been an issue in the Columbia Basin for many years.
This virus, vectored by the Stubby Root Nematode ([SRN] Paratrichodorus species), has a wide
host range as does the nematode. Fortunately the virus alone does not seem to cause damage on
hosts other than potatoes and for the most part, neither does the nematode (onion is a notable
exception). However, when it comes to potatoes, when TRV is transmitted to potato tubers
during the feeding of the nematode, substantial damage can occur (Photo 1). This damage is
known as corky ring spot (CRS) or "spraing" as it is commonly referred to in Europe. Complete
fields have been lost due to this damage, rendering the tubers fit only for processing at a flake
plant. Significant and widespread damage due to this disease was seen in the early 90's when
Temik was removed from the market place. Apparently this product was, unknowingly, very
effective in controlling the SRN. Research accomplished in the early to mid 90's proved that
Telone 11 was very effective in controlling SRN and therefore, also controlled CRS.

The story would likely have ended there if not for the introduction of the new nematicide
called Vydate. While Telone Il required application prior to planting potatoes, generally in the
fall, Vydate was registered for use during the cropping season. This product therefore provided
an option for potato growers who decided to grow additional potatoes after the fall fumigation
season had ended. They did not have to wait until soil temperatures in the spring were high
enough to allow soil fumigation. Also, some growers have decided to use Vydate instead of
Telone 11, either because of the particular economics of that potato crop and/or because of the
insects that VVydate controls. Since Vydate also controls root knot nematodes and the biology of
these plant pathogens wwas already known, the recommended first use of Vydate in the season
was based on when nematodes in the soil would first be attacking the newly developing tubers
(around 850 degree days). Waiting until 850 degree days in fields not treated with Telone 11
represented a time that emerging potato plants were not protected from SRN containing TRV.
That short window without protection has apparently resulted in new symptoms due to infections
by TRV.

Early in the growing season in 2005 a field containing %2 Russet Norkotah and % Ranger
Russet had very specific poor emergence issues. Close observations of the plants that had not
emerged revealed thickened distorted stems, with leaves trying to form far below the soil line
(Photo 2). Emerged but stunted plants adjacent to plants not yet emerged had uncharacteristic
coloration of leaves similar in some ways to that caused by Alfalfa Mosaic Virus (Photo 3).
Testing with ELISA and PCR confirmed these distorted poorly emerging plants and those with
these "yellow" symptoms in the leaves were infected with TRV. Stubby root nematodes
associated with these bare batches were also found to be viruliferous (containing TRV) while
others found in areas where plants appeared normal were not. This field had been scheduled to
receive Vydate at about row closure. Since no CRS issues at harvest were seen in either cultivar,
the use of Vydate as prescribed based on the label, apparently prevented large scale losses or
even tuber rejection.
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Once these symptoms were recognized as potentially caused by TRV, many other
situations over the last several growing seasons have been seen due to TRV, and in some cases,
may have resulted in significant losses if not identified early. Damage has been seen in other
Russet Norkotah fields (Photo 4), Shepody (Photo 5) and Ranger Russet (Photo 6). These
problems have been found throughout the Columbia Basin potato production area. In most cases
foliar symptoms have not been seen (yellowing patterns in the leaves) but delayed emergence
and distorted stems are always present.

While not all the research has been done to answer all the questions these new symptoms
due to TRV have raised, control can be achieved by the use of Telone Il (since to our knowledge
delayed emergence, distorted stems, and foliar symptoms have not been seen where Telone 11
has been applied). In addition, we believe that these symptoms can also be controlled with the
use of Vydate with one important difference in its usage. Vydate is now recommended as an
in-furrow treatment at planting. The in-furrow use has not been systematically tested in the
Columbia Basin to control these newly found symptoms. However, given what we know about
the SRN, timing of infection, and the result of the timing of applications of Vydate in the past at
or about row closure, we believe an in-furrow application will control these issues. If Vydate is
used, consult a current label of the product to ensure proper usage.

General recommendations for controlling CRS begin by remembering that any field
previously found to have this disease must be considered always to have the disease and control
measures should be specifically budgeted, scheduled, and correctly completed. The challenge
most often is when fields are rented and the history of this problem is not always remembered or
communicated with the new renter. Remember, just because a field has SRN does not mean the
nematodes contain the virus. SRN by themselves do not cause any significant problems in
potatoes. There are procedures that can test individual SRN to see if they are viruliferous or not.
If the test shows they are, then chemical control is required. If the SRN tests are negative for
TRV, this does not guarantee that no TRV is associated with SRN in the field.

If symptoms like these appear in fields this season, we would be happy to confirm
whether or not TRV is responsible.
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Photo 1. Typical internal symptoms due to TRV.

Photo 4. A “hole” in a field of Russet Norkotah caused
Photo 3. Sy-r'nptoms of TRV in Russet Norkotah. by TRV. Notice the different rates of emergence.

Photo 5. IR photo showing “holes” thpoor Photo 6. IR photo showing substantial wide
emergence due to TRV. spread emergence issues due to TRV.
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Estimating Methyl Isothiocyanate Emission Rates Following Soil Incorporated Shank And
Modified Center Pivot Chemigation Metam Sodium Applications
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Summary: An air sampling program was conducted in Franklin County, WA in the fall of 2008 to
monitor fumigant air movement at near-field receptor locations following low drift (drizzle boom)
modified center pivot chemigation and soil-incorporated shank injection applications with Sectagon 42"
(42% metam sodium). This study was developed to assess emission rates and total cumulative field loss
of metam sodium’s gaseous by-product, methyl isothiocyanate (MITC) during and four days post-
application under conditions typical for Pacific Northwest potato pre-plant fumigation. The aim of this
work is to aid growers in evaluating putative reduced emission application practices particularly when
deciding on application practices/timing near residential communities. We also developed this study to
provide regionally specific MITC emission rate information to the United States Environmental
Protection Agency Office of Pesticide Programs. As a result, this field demonstration closely adhered to
Series 875 of the U.S. EPA Pesticide Assessment Guidelines: Occupational and Residential Exposure
Test Guidelines. For each treatment plot, MITC concentrations (in pg m”) were generated from air
collected through activated charcoal at eight receptors spaced around each test plot periphery before,
during, and throughout the 4-day post application period. For each treatment plot, MITC field emission
rates (ug m™ sec’) together with total cumulative MITC loss were estimated using an Industrial Source
Complex Short Term (ISCST3) emissions model that utilized hourly meteorological data gathered at the
field study location over the study time frame. Estimated total cumulative MITC loss by drizzle boom
was 47% and 12.6% by soil incorporated shank injection. Procedures for emission rate estimation
acceptance followed California Department of Pesticide Regulations criteria for soundness of fit of field-
measured to model-predicted near-field emission estimates.

Introduction

Starting in 2005, metam sodium along with other methyldithiocarbamate salts underwent a
re-registration review overseen by EPA Office of Pesticide Programs (EPA-OPP or Agency)
leading to a July 2008 re-registration eligibility decision (RED;US EPA 2008). Several field-
scale monitoring studies that estimated volatilization flux density (flux) emissions of MITC were
employed for buffer zone mitigation setting. Flux studies specific to the Pacific Northwest
cooler fall season application conditions were not available as part of the RED assessment.
Because of the absence of PNW regional flux information, the Agency relied on emission data
from smaller acreage row crop summer application studies in southern California to calculate
field edge buffer zones for larger acreage field crop fumigations in the PNW. These field
emission data sets are limited in their utility because they provide results only for the specific
conditions under which the study was conducted. Based on regional field acreage, application
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rates, and chemigation practices specific to the PNW, the current RED tabulated emission data
can result in appreciable field-edge buffers. Since large segments of potato growing acreage
exist in close proximity to residential communities, strict adherence to the current RED buffer
zone criteria could have serious economic implications throughout the PNW. The Agency has
given a limited window for PNW fumigant emission flux data to be generated; however, label
language changes may be forthcoming as soon as 2010 (US EPA 2008).

Methods

To help fill this needed fumigant emissions data gap, Sectagon 42 was applied to two
treatment plots (1.7 acres for drizzle boom and 1.8 acres for shank injection) within a 122 acre
field circle located in Franklin Co. WA to assess near-field MITC air emissions before, during,
and through 4-days post application (from October 8" through the 13™). The chemigation and
shank field plot locations were meteorologically positioned within this field to best minimize
MITC cross-interference (Figure 1).
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Figure 1: Field Demonstration Test Site. Franklin County, Washington State

A HOBO weather station was positioned near the center of the circle pivot to collect air/soil
temperature, and soil moisture data over the study time frame and the CSAT3 3-D sonic
anemometer employed to collect wind speed/direction data. The plots were positioned at these
northwesterly and southeasterly locations to minimize MITC cross contamination from
anticipated southwesterly prevailing winds over the study time frame.

Both fumigation applications were conducted concurrently on October 8". To have both
applications end at approximately the same time, the drizzle boom chemigation was started ca. 1-
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hour earlier. For each treatment plot, MITC in air was continuously monitored by activated
charcoal cartridges at eight sampling site receptor locations closely surrounding the plot
periphery before, during, and throughout the 4-day post application period. The air sampling
pumps were operated at ca. four-hour sampling intervals before, during, and through two-days
post application. Eight-hour interval sampling was conducted on post-application days three and
four. For each treatment plot, MITC concentrations (in pg m™) were generated from air collected
through activated charcoal at eight receptors spaced around each test plot periphery before,
during, and throughout the 4-day post application period. For each treatment plot, MITC field
emission rates (pg m?sec”) together with total cumulative loss of MITC via the air pathway
were estimated using an Industrial Source Complex Short Term (ISCST3) emissions model that
utilized hourly meteorological data gathered at the field study location over the emission study
time frame. The generated emission rate estimates and total cumulative losses for each treatment
plot reported herein were performed by Sullivan Environmental Consulting using the CSAT data
set together with measured airborne MITC concentration data supplied by the WSU-Food and
Environmental Quality Laboratory. A more detailed regulatory analytical summary report
(Littke et al., 2009) describing field procedures, analytical methods/quality control, and emission
estimation procedures has been provided to the WSPC.

Results

Field-Measured MITC Concentrations: MITC air concentrations (i.e., the averaged MITC
concentration from the eight air sampling receptors per interval sampling date) over the 4-day
study time frame are summarized in Table 1. Here we observed that averaged whole field
concentrations peaked during the 4-hours post application for drizzle boom modified center-
pivot chemigation (417 pg m™ (138 ppb)) with a maximum single observation near-field
concentration during this time of 963 pg m™ (318 ppb). Maximum whole field-averaged MITC
concentrations of 78 pg m™ (26 ppb) were observed 16-hours post application for the shank
treated field with a maximum single observation near-field concentration of 122 pg m” (40 ppb)
registered during this same 16-20 hour receptor period. Table 2 lists the maximum single
cartridge air concentrations detected during the course of the chemigation and shank injection
fumigation events.

From current regulatory inhalation exposure criteria, drizzle boom maximum downwind
MITC concentrations exceeded by 4-fold the EPA OPP acute level of concern (LOC) value of 22
ppb, and were higher than the EPA no observable adverse effect level (NOAEL) of 220 ppb both
during application and for the first 4 hours post application. Measured maximum downwind
MITC air concentrations were lower than 22 ppb for all monitored periods for shank injection
except for a 4 hour period starting 16 hours post application. Between 16 and 20 hours post-
shank, the maximum observed single air monitor concentration of 40 ppb (122 ug m™) was
observed. Measured MITC concentrations from air monitoring receptor locations positioned
equidistantly between the two test plots indicate downwind emissions towards the shank plot
over this interval period. Although receptors were positioned at test plots to minimize cross-
contamination, it is reasonable to state that directional MITC drizzle boom source emissions
contributed to the lower measured shank emission estimates, especially during the first 20 hours
of this field demonstration.
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Table 1
Whole Field Averaged MITC Concentrations

Drizzle Boom Shank Injection

Approximate | Assigned average' MITC average' MITC
Hours post Period air concentration air concentration
fumigation (ug/m®)  (ppb)* | (ug/m’)  (ppb)’
Pre application 0.67 0.22 0.54 0.18
Application 1 280 92.4 9.64 3.18

4 2 417 138 17.0 5.61

8 3 226 74.6 14.5 4.79

12 4 122 40.3 17.4 5.74

16 5 179 59.1 77.9 26.0

20 6 47.1 15.5 38.1 12.6

24 7 26.5 8.75 12.2 4.03

28 8 47.5 15.7 3.92 1.29

32 9 43.6 14.4 5.97 1.97

36 10 17.3 5.71 4.22 1.39

40 11 31.7 10.5 3.22 1.06

44 12 12.3 4.06 3.90 1.29

48 13 7.76 2.56 4.17 1.38

52 14 10.9 3.60 2.14 0.71

56 15 15.6 5.15 10.6 3.50

64 16 30.1 9.93 9.52 3.14

72 17 10.3 3.40 2.53 0.84

80 18 25.2 8.32 9.56 3.15

88 19 19.5 6.44 6.45 2.13

96 20 14.9 4.92 5.47 1.81

" Average value represent an average concentration of the eight samples,
i.e. DB1-DBS, SH1-SHS8
2MITC ppb = (g m™) x (8.21 x 10”2 L-atm/mole-K) (298°K)
(73.12 gram/mole) (1 atm)

Table 2
Maximum Measured MITC air concentrations
Receptor identification Maximum receptor air
concentration detected

(ug/m®)

Drizzle Boom Field Plot
air sample DB7-R, 963 (318 ppb)
4-hr post application
Shank Injection Field Plot
air sample SHS 122 (40 ppb)
16-hr post application
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MITC Emission Rate Assessment: To assess the potential for bystander exposure in a manner
consistent with practices employed by state and federal regulatory agencies, MITC volatilization
density (flux) in units mass/surface area/time together with total cumulative loss were estimated
using a steady-state Gaussian plume algorithm and California Department of Pesticide
Regulations (Cal DPR) back calculation approach from the collected receptor emission and
gathered meteorological data according to procedures from Ross et al. (1999) and Johnson et al.
(1999). This least-squares technique regressed field-measured to model-predicted emissions
over the 4-day experimental timeframe. Stability classes were determined according to Pasquill-
Gifford stability methodology, using wind speed and cloud cover for each hour interval over the
study time frame. California Department of Pesticide Regulations (Cal DPR, 2006) Emissions
Assessment Method criteria was used to assess the best means for estimating MITC flux during
each interval period for the drizzle boom and shank application test plots. Emission estimations
were considered reliable if linear regression of the measured and normalized modeled data were
well correlated (i.e, slope of regression line had a significance > 95t percent confidence level)
and the intercept term was not significant (signifying the 95" percent confidence level included
the origin). If the least squares slope was not significant, then the mean measured
concentrations divided by the mean modeled concentrations was conservatively employed to
calculate the emission rate for that period. Following this regulatory technical procedure for
estimate fit, the estimated total cumulative MITC loss by drizzle boom was calculated to be 47%
compared to 12.6% by soil incorporated shank injection. Figure 2 illustrates the relative
emission rates of drizzle boom to shank over the continuous 4-day application/post application
time frame.
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Figure 2: Comparison of Drizzle Boom and Shank Injection Emission Rates:
October 8" through the 13" 2008, Franklin County, WA
(see Table 1 for interval sampling hours corresponding to each period)
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Estimated low drizzle boom background MITC contributions during the early periods of this
study resulted in use of the more conservative mean measured/mean flux estimation approach for
the shanks test plot at application and up to the first five post-application periods. The
occurrence of low MITC emissions at two off-field receptor locations approximately equidistant
between the two test plots further corroborated that concentrations from the drizzle boom test
plot contributed to MITC concentrations at the more northwesterly shank receptor locations.
When defaulting to a more conservative approach, it is reasonable to anticipate over-estimation
of actual field measured MITC emission rates. This especially would be expected at the shank
plot where higher near-field source contributions can mask actual low field receptor emissions.
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Defining In-Season Nitrogen Needs for Alturas and Premier

Russet
C.D. Hiles, M.J. Pavek, N.R. Knowles, and Z.J. Holden

Department of Horticulture and Landscape Architecture, Washington State University,
Pullman, Washington, 99164-6414, USA

Proper nitrogen management is a crucial component of potato cropping systems.
Insufficient N can lead to reduced growth (Harris, 1992), reduced light interception,
limited yield (Chase et al., 1990; Laurer, 1986; Santerre et al .,1986) delayed tuber set
(Harris, 1992), and reduced dry matter content (Yungen, et al., 1958; McDole, 1972;
Painter and Augustin, 1976; MacKerron and Davies, 1986; Westerman et a,., 1994; Love
et al., 2005). Too much N may reduce tuber N uptake efficiency, can delay tuber
initiation, and promote overgrowth of vines (Pavlista and Bloomenthal, 2000). Improper
nitrogen management can also lead to increased incidences of disease and have adverse
environmental effects such as run-off and leaching.

Traditionally N recommendations for Columbia Basin potato production have
been based on requirements of the well known Russet Burbank cultivar. However
different potato cultivars have unique morphological and developmental characteristics
that may differ from Russet Burbank and may have unique requirements. It is no longer
appropriate to make blanket N fertilizer recommendations in potato cropping systems.

The recent release of new cultivars from the Tri-State Breeding Program, such as
Alturas and Premier Russet, has necessitated the development of appropriate N fertilizer
recommendations tailored to each cultivar. The purpose of this study was to identify in-
season N rates for Alturas and Premier that maximize grower revenue by optimizing field
performance and post-harvest quality attributes with the following specific objectives: (1)
to develop a cultivar specific understanding of N response as it relates to yield, quality,
and economics, (2) to define specific petiole and soil critical concentrations for each
cultivar for maximum economic yields, and (3) increase grower bottom lines. In
addition, we wish to understand the effects of in-season N on whole plant morphology
and physiology in an effort to improve our ability to make management recommendations
for these and other cultivars.

MATERIALS AND METHODS

This experiment was conducted at the WSU Othello Research Station in Othello,
WA, on a Shano silt loam during the 2007 and 2008 growing season. Each cultivar was
planted in a randomized complete block design with five row plots, 25 ft long, with 5 ft
borders and 10 inch spacing between plants. Plots were treated with five in-season N
rates: 0%, 25%, 50%, 100%, and 150%. Treatments are expressed as a percentage of the
current in-season N recommendations for Russet Burbank. All treatments received the
same pre-plant fertilizer during a particular year. Pre-plant, in-season and total season N
rates and associated in-season N expense are shown in Tables 1 and 2.

In-season N (UAN-32) was applied weekly between 50 days after planting (DAP)
and 100 DAP via a custom designed fertigation simulator that delivered 0.15 in. of water
(Table 3). Petioles were collected weekly from center data rows between 60 DAP and
120 DAP and soil samples were collected bi-weekly at one and two foot levels. Hand
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digs were initiated at 70 DAP and performed every eighteen days. Data on stem number,
tuber number, vine weight, tuber weight and tuber number were collected. At the end of
the season, tubers were harvested via a two row digger and graded and sized using a
custom two lane electronic sizer. An economic evaluation was performed on both
cultivars via a mock processing contract modeled after contracts currently in use in the
Columbia Basin.

RESULTS

Soil and petiole analysis for both cultivars across the growing season illustrated
definite trends among the treatments (Figure 1).For the most part, the petiole and soil N
values from each treatment were distinctly different from each other (Figure 1)
demonstrating that petiole and soil analysis is sensitive enough to detect minor
differences in tissue N concentrations and in-season N rates. The application timing and
rate (100% treatment rates) are shown in Figure 1 with arrows and corresponding
numbers. The effect of in-season N rate became increasingly visible late in the season as
the canopies of the low N rate treatments started to senesce earlier than those receiving
the higher rates (Figure 2). Visual ratings of vine senescence were highly correlated with
in-season N rate at 141 days after planting (Figure 3).

In-season N rate had a significant effect on total yield of both Premier and Alturas
(Figure 3). Premier total yield continued to increase as in-season N rates increased and
the yield difference between the 0% and the 150% treatments was more than 100 CWT/A
(Figure 3). Total yield peaked in Alturas between the 100% and 150% with a 140
CWT/A difference between the 0% treatment and the 150% treatment (Figure 3).

Tuber specific gravity was highly correlated with N rate for both cultivars
(Figures 3). As N levels increased, specific gravity decreased significantly. The
economic analysis resulted in significant non-linear trends for both cultivars (Figure 3).
Premier showed inverse trends between 2007 and 2008. The 150% treatment was the
most profitable in 2007. In 2008, revenue was optimized at an in-season rate close to
90% of what is typical for Russet Burbank; this was equivalent to about 200 Ibs N in-
season and 125-150 Ibs/A N pre-plant. We believe 2008 was the more typical response
from this cultivar and hope that another year of data (2009) will confirm this. A non-
linear regression projected the economically optimum n-season N rate for Alturas at
approximately 96% of the current in-season nitrogen recommendations for Russet
Burbank, or about 220 Ibs/a of in-season nitrogen and 125-150 Ibs/A N pre-plant (Figure
3).
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DISCUSSION

This study confirms the well known concept that maximum biological yield does
not always equate into maximum economic return. The higher 150% treatment did in
fact increase total and market yield (> 60z) across both years and cultivars, but maximum
economic yield was produced with rates between 90% and 100% of what is typically
recommended for Russet Burbank. The exception was Premier during the 2007 season
where adjusted gross income was marginally higher at the 150% rate than at the 100%.
For the most part, yields from N rates greater than 100% became to expensive to achieve;
the potential economic gain from the yield increase seen from the 150% treatment was
offset by the cost of the extra N used to achieve the yield.

At the lower N rates, harvest index (tuber weight as a proportion of total plant
weight (data not shown) and specific gravity increased as expected. The higher N rates
delayed vine senescence and lead to an increase in plant longevity and vine weights.
Gravities such as those found at the 0% and the 150% treatments were not within the
ideal range of a typical processing contract, and both would likely result in contract
penalties.

These data illustrate that careful N management can be a valuable tool for
tailoring crop maturity to maximize processing incentives and profits. Based on two years
of data, we recommend in-season rates of 200 to 220 Ibs N for both varieties with at least
125 Ibs N available prior to plant emergence. Recommended petiole ranges for the
growing season are displayed in Table 4. A well maintained and carefully monitored N
fertilizer regime, coupled with adequate pre-plant N and soil and tissue sampling, can
maximize profits and reduce N costs.
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Table 1. Preplant, in-season, and total season nitrogen for 2007 and associated in-season

N expense for five rates of in-season N applied to Premier and Alturas

Treatment Fertigated In-season N Total Total In-season N
as a % of Preplant N in-season From Phos in-season Season Fert expense
standard + soil resid. N applications N N (%0.80/Ib)

% Ibs/A

0 125 0 30 30 155 0
25 125 58 30 88 213 46
50 125 115 30 145 270 92
100 125 230 30 260 385 184
150 125 345 30 375 500 276

Table 2. Preplant, in-season, and total season nitrogen for 2008 and associated in-season

N expense for five rates of in-season N applied to Premier and Alturas

Treatment Fertigated In-season N Total Total In-season N
as a % of Preplant N in-season From Phos in-season Season Fert expense
standard + soil resid. N applications N N (%0.80/1b)

% Ibs/A

0 150 0 9 9 155 0
25 150 58 9 67 217 46
50 150 115 9 124 274 92
100 150 230 9 239 389 184
150 150 345 9 354 504 276

Table 3. Rate scheme for five in-season N rates for 2007-2008

Treatment Number of Applications*
asa % of RB Two Four Two Two
Standard Rate N Ibs/A
0% 0 0 0 0
25% 5 7.5 6 3
50% 10 15 13 5
100% 20 30 25 10
150% 30 45 38 15

*Applications started approximately 10 days after >90% emergence

Table 4. Recommended petiole values at 60-, 90-, and 120-days after planting (DAP) for

Alturas and Premier Russet.

End Tuber Initiation Mid Bulking Late Bulking
Mid June Early July Late July
Variety 60 DAP 90 DAP 120 DAP
(ppm NO3) ppm (NO3) (ppm NO3)
Alturas 24,000 16,000 8,000
Premier 23,000 15,000 7,400
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Flgu re 2 Alturas canopy appearance late J July 2007 for each of five in-season N rates

(shown as percentages).
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2009 Proceedings of the Washington State Potato Conference



52

2009 Proceedings of the Washington State Potato Conference



Latent Infection of Potato Seed Tubers by the Late Blight Pathogen,
Phytophthora infestans

Dennis A. Johnson and Thomas F. Cummings, Department of Plant Pathology,
Washington State University, Pullman, WA 99164-6430

Persistence of Phytophthora infestans, the cause of late blight, from year to year is a
critical component of late blight epidemics. Understanding the means of pathogen
survival is a major goal in developing management strategies for the disease. In the
Pacific Northwest and intermountain region of North America, oospores are not currently
known to be a factor in overwintering and infected tubers are considered to be the main
means of overwintering for the pathogen and the source of initial inoculum. Infected
tubers serving as overwintering and primary inoculum sources may be potato seed-tubers,
potato tubers left in the field after harvest that produce volunteer plants, and cull potato
tubers. The relative importance of the three types of infected tubers in temperate climates
is unknown and may depend in part on microclimates, local conditions and the extent of
infection the previous fall.

A continuum of viable host tissue is essential for survival and overwintering of P.
infestans in potato growing regions where oospores are not an overwintering factor.
Contemporary isolates, particularly the US-8 strain, are highly aggressive and rapidly rot
tubers, limiting the availability of viable host tissue. However, rotting by the US-8 strain
of P. infestans did not occur over seven weeks in inoculated tuber tissue at a storage
temperature of 37°F. Recommended holding temperatures for tubers vary depending on
end use. Seed potatoes are stored between 38 to 40°F, fresh market potatoes are stored
between 38 to 50°F, while French fry and chip processing potatoes are stored between 44
to 50°F and 50 to 55°F, respectively. The optimal temperature for hyphal growth of P.
infestans in potato tubers is about 50°F. However, the length of time infected tubers can
remain intact in storage at temperatures used to store seed tubers is not known.

In the Columbia Basin of Washington and Oregon approximately 8.7 x 10° seed tubers
(assuming mean seed piece weight of 60 g, mean seed tuber size of 170 g, and 5% waste)
were cut and planted in 2007. Phytophthora infestans produces sporangia on infected
tubers and the potential for multiple infections by P. infestans has been demonstrated
when infected seed tubers are cut and handled (3). Because of the extremely large amount
of seed tubers planted in a potato production region and the explosive polycyclic
capabilities of P. infestans, a greater understanding is needed on the survival of P.
infestans in potato seed tubers. Since infected seed tubers that survive in storage are a
potential source of inoculum, the possibility of latent infection in stored seed tubers needs
to be investigated. The purpose of this research was to test the hypothesis that potato
tubers can be latently infected with P. infestans and to characterize the survival of P.
infestans in infected potato seed tubers of susceptible and moderately resistant cultivars at
temperatures (near 39°F) and time periods (6 to 7 months) used in commercial seed tuber
production in the Pacific Northwest.
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Methods and Materials

Four potato cultivars, Russet Burbank, Ranger Russet, Umatilla Russet, and Defender
were selected for this study. Russet Burbank, Ranger Russet, and Umatilla Russet are
major potato cultivars grown in the Pacific Northwest of the United States. Defender is a
recently released cultivar and is not commonly grown. Tubers of Russet Burbank and
Ranger Russet are susceptible to P. infestans. Tubers of Umatilla Russet and Defender
are considered moderately resistant and resistant, respectively, to P. infestans when
compared to Ranger Russet (5).

Four US-8 isolates of the A2 mating type, Wa02, Web04, BF05, and Wa06 of P.
infestans were used in these studies. Isolates Wa02, Web04 and Wa06 were obtained
from potato foliage collected from central Washington in 2002, 2004, and 2006
respectively. Isolate BFO5 was obtained from potato foliage collected in northern Idaho
in 2005. The isolates were maintained in potato tubers of cultivar Russet Burbank during
winter months of October through March at 39.5°F. Isolates were then maintained and
increased on excised leaflets of cultivar Russet Burbank. Sporangia were washed from
excised leaflets with distilled water. Concentration of sporangia was adjusted to 10,000
per ml of distilled water using a hemacytometer. Sporangia used for inoculation were
chilled for 2 h at 4°C to induce zoospore formation. Inoculation was done by applying
0.05 ml of inoculum with a micropipette to a Whatman #2 filter paper cut into 10 x 10
mm squares and then placing the saturated filter paper square to a single eye on a tuber.

Inoculated and non-inoculated tubers were placed in a humidity chamber and then
allowed to dry. Tubers were then placed in one of three cold storages facilities from 30 to
209 days. Storage facility 1 was programmed at 47°F and was selected to represent
storage temperature for French fry and chip processing potatoes. Storage facilities 2 and 3
were programmed at 39.5°F and 39°F, respectively, and were selected to represent
temperatures used to store seed tubers.

Development of late blight in stored tubers of Russet Burbank and Umatilla -
Tubers of Russet Burbank and Umatilla Russet were inoculated in September 2006 with
isolate BF0O5, placed in a mist chamber for 20 h at 63-73°F, and allowed to dry for 6 h at
68-73°F. Inoculated and non-inoculated tubers of each cultivar were then placed in
storage at three storage facilities and arranged as a completely randomized design. Five
inoculated and five non-inoculated tubers of each cultivar were used for each sample time
and each storage facility.

In facility 1, tubers of each cultivar were destructively assessed at 34, 48, 71, 91, and 101
days. In facilities 2 and 3, tubers of each cultivar were destructively assessed at 101, 125,
146, 167, and 181 days. At each destructive sampling period, severity of late blight was
visually assessed after cutting each tuber in cross section at four places of approximately
equal intervals. The surface areas formed from the cuts were rated individually for the
percent area of internal rot. Tubers in facilities 2 and 3 that were symptomless for late
blight based on external observation on the last assessment date at 209 days were not
destructively sampled, but instead were incubated at 72° to 73°F. Tubers were inspected
every two to three days for late blight symptoms over a three week period. Tubers were
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considered asymptomatic if no symptoms or signs were found following a thorough
examination of the periderm for discoloration and eyes for necrosis. Small peels with a
knife were made to observe internal tissue under the periderm and cuts were made into
the eye where the inoculation was made to observe for discoloration and necrosis.

The experiment was repeated in September 2007 using the methods as described above
except as noted. The number of inoculated and non-inoculated tubers for each cultivar
and time period was four. Tubers stored in facility 1 (mean 47 °F) were destructively
assessed at 30, 60 and 91 days. Tubers stored in facilities 2 and 3 (mean 39.5 ° and 39 °F,
respectively) were destructively assessed for late blight at 30, 60, 91, 122, 150 and 182
days of storage.

Tuber slices from 18 asymptomatic tubers collected from the six sampling periods were
incubated in humidity chambers at 59 °F and observed with a stereo scope at 10 to 62 X
magnifications for sporulation of P. infestans four times per week over three weeks. Each
humidity chamber consisted of tuber slices 2 cm thick placed on a nylon screen over
moistened filter paper in glass Petri dishes 9.5 cm dia. by 2.5 cm in height. Petri dishes
were then placed in a 24 x 35 x 5 cm glass tray which was then sealed in a plastic bag.
Cross sections from four symptomatic tubers with severities of 20 to 70% of each Russet
Burbank and Umatilla Russet from facilities 2 and 3 at the 150 day sampling period (n =
8) were also placed in humidity chambers and incubated at 59°F for 48 h to promote
sporangia formation. The experiment was repeated (n = 8) at the 181 day sampling
period. The cut surface and eyes of the tuber disks were then observed for sporangia of P.
infestans at 21, 24, and 48 h of incubation. Time for sporangia to first be observed was
recorded. Incubation period was the period in hours from initial incubation in the
humidity chamber until sporangia were first observed.

Development of late blight in stored tubers inoculated with four isolates — Tubers of
Russet Burbank were inoculated at a single eye in October 2006 using the filter paper
technique with one of the four P. infestans isolates. Inoculated tubers were placed in a
mist chamber for 24 h at 64° to 69°F and air dried for 6 h at 69°F. Twenty-one tubers
were inoculated with WAQ2, 24 with Web04, 17 with BF05 and 22 with WAQ6.Tubers
were arranged as a completely randomized design and stored in facility 2 (mean 39.5°F).
Twenty tubers were not inoculated and used as controls. Tubers were destructively
assessed once after 209 days of storage. Asymptomatic tubers were not cut, but were held
at 72° to 73°F for three weeks. Asymptomatic tubers in which late blight symptoms later
developed were then placed in a humidity chamber and incubated at 59°F for 48 h to
promote sporangia formation.

The experiment was repeated with Umatilla Russet tubers in September 2007. Methods
and experimental design were the same as in the first trial except the number of tubers
inoculated with each of the four isolates was 15. The number of non-inoculated tubers
used as the control was 15. All tubers were destructively sampled after 182 days as
described previously. Tuber slices from asymptomatic tubers were incubated in humidity
chambers at 59°F and observed for sporulation of P. infestans four times per week over
three weeks.
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Effect of incubation time before cold storage on development of late blight in tubers
— Tubers of Russet Burbank, Ranger Russet, Umatilla Russet, and Defender were
inoculated in mid September 2007 with isolate BF05. The number of tubers inoculated
per cultivar was 60. Twenty tubers of each cultivar were then dried for 1, 6 or 24 h. Ten
tubers for each drying time and cultivar were arranged in a completely randomized
design and stored in facilities 2 and 3. The number of non-inoculated tubers used as
controls for each drying time and temperature was 10. The drying time was considered
the incubation period. Tubers were kept in storage for 182 days and symptomatic tubers
were destructively sampled as previously described. Tubers that were asymptomatic for
late blight based on external observation as previous described were not destructively
sampled, but instead were incubated at 72° to 73°F. Tubers were then monitored at a two
to three day interval for late blight symptoms over a three week period. Incubation until
sporulation was determined for five tubers with severities between 1 and 10% as
previously described. The experiment was repeated in October 2007.

Results

Development of late blight in stored tubers of Russet Burbank and Umatilla -
Severity of late blight increased during storage at 47°F in storage facility 1 (Fig. 1).
Severity of late blight was significantly (P < 0.05) less for Umatilla Russet than for
Russet Burbank at 47°F during the first (Fig. 1) and the second storage seasons (data not
shown). Late blight severity did not significantly (P > 0.05) vary between the two
cultivars and between 39.5°F and 39°F in storage facilities 2 and 3 the first (Table 1) and
second (Fig. 2, data for temperatures and cultivars combined) storage seasons. For the
second storage season at 39.5° and 39°F, 0 to 25% of the inoculated tubers sampled
monthly up to 181 days of storage had severities less than 1% (Fig. 2). Incidence of
tubers with late blight symptoms did not differ significantly (P > 0.05) between Umatilla
Russet and Russet Burbank in each of the three storage facilities both seasons. Late blight
did not develop in the non-inoculated control tubers.

For the first storage season at 39.5° and 39°F, 20% and 40% of the inoculated Umatilla
Russet and Russet Burbank tubers, respectively, were asymptomatic after 209 days of
storage, but later developed late blight symptoms when subsequently incubated at 73°F
for three weeks. Thus, indicating a latent infection (Table 1). Some eyes on tubers
produced sprouts 1.5 to 6 cm in length before blighting. Sporangia of P. infestans were
produced on tuber eyes and slices when incubated in humidity chambers at 59°F. For the
second storage season at 4.2° and 4.1°C, 6 to 44% of the inoculated tubers sampled
monthly up to 181 days of storage were asymptomatic, but tuber slices later supported
production of P. infestans sporangia when incubated in a humidity chamber at 59°F.
Thus, indicating a latent infection of tubers (Fig. 2). Late blight symptoms did not
develop in the non-inoculated control tubers.

Incubation period until sporulation ranged from 6 to 20 days and had a mean of 9.6 days
when tuber slices from asymptomatic tubers were incubated in a humidity chamber at
59°F (Table 2). Sporangia were observed on the cut surface and eyes of 14 tuber slices
from symptomatic tubers at 24h and on two tuber disks at 21h. The difference in length
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of incubation period until sporulation between asymptomatic and symptomatic tubers
disks was significant at P < 0.0001. Sporulation was light at 21h with less than 20
sporangiophores with sporangia on an eye or cut surface. The amount of sporulation
increased with time of incubation.

Soft rot and dry rot symptoms occurred in some late blight symptomatic tubers sampled
during the latter assessment times both storage seasons. During the first storage season at
181 and 209 days, mean incidence and severity of bacterial soft rot symptoms were each
10%. Fusarium dry rot was not evident. During the second storage season at 150 and 182
days, mean incidence and severity of Fusarium dry rot symptoms were 13% and 15%,
respectively. Bacterial soft rot did not exceed 1% severity.

Development of late blight in stored tubers inoculated with four isolates— Incidence
of tubers with late blight symptoms ranged from 32 to 100 % for Russet Burbank tubers
inoculated with one of four isolates of P. infestans and stored at 39.5°F for 209 days
during the first storage season. Mean severity of late blight symptoms for tubers with
symptoms ranged form 68 to 89%. Severity of late blight was significantly (P < 0.05)
greater in tubers inoculated with isolate Web04 than with isolates BFO5 and Wa06 (Table
3).

Late blight symptoms developed in inoculated tubers that were asymptomatic after 209
days of storage when they were subsequently incubated at 73°F for three weeks,
indicating a latent infection of tubers. Percent latent tuber infection ranged from 0 to 33%
of the inoculated tubers for the four isolates (Table 2). Sprouts from tuber eyes grew 1.5
to 4 cm in length before developing late blight symptoms when latently infected tubers
were incubated at 73°F. Sporangia of P. infestans were produced on tubers slices, tubers,
and sprouting eye upon incubated in humidity chambers at 59°F. Late blight symptoms
did not develop in the non-inoculated control tubers. Some symptomatic tubers for late
bight also had soft rot and dry rot symptoms. Mean incidence and severity of bacterial
soft rot symptoms was 33% and 10%, respectively. Mean incidence and severity of
Fusarium dry rot symptoms was 18% and 5%, respectively.

During the second storage season, incidence of tubers with late blight symptoms ranged
from 60 to 100 % for Umatilla Russet tubers inoculated with one of four isolates of P.
infestans and stored at 39.5°F for 182 days. Mean severity of late blight symptoms for
tubers with symptoms ranged form 47 to 77 %. Severity of late blight symptoms was
significantly greater in tubers inoculated with isolates Web04 and BFO5 than with isolate
Wa02 (Table 3).

Twenty percent of the inoculated tubers inoculated with isolate WAOQ2 did not exhibit late
blight symptoms after 182 days of storage at 39.5°F. However, sporangia of P. infestans
developed on tuber slices from these tubers when incubated in humidity chambers at
59°F, indicating a latent infection of tubers (Table 3). Incubation period until sporulation
ranged from 7 to 15 days with a mean of 10 (n = 3) when tuber slices from asymptomatic
tubers were incubated in humidity chamber at 59°F (Table 4). Late blight symptoms did
not develop in the non-inoculated control tubers. Bacterial soft rot was not evident in
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tubers. Some tubers with late blight symptoms also had Fusarium dry rot symptoms.
Mean incidence and severity of Fusarium dry symptoms were both 5%.

Effect of incubation time before cold storage on development of late blight in tubers-
Incidence and severity of infected tubers were each significantly (P < 0.05) greater for
Ranger Russet than for the other three cultivars except for Russet Burbank in the first
trial (Table 4). Data for the 39° and 39.5°F temperatures were combined because they
were similar (P > 0.05). Late blight incidence and severity were similar (P > 0.05)
among the 1, 6 and 24 h incubation periods between the end of the mist period and
placement of tubers in cold storage, and thus data were combined (Table 4).

Up to 5% of the inoculated tubers had late blight severities less than 1% after 182 days of
storage (Table 4). Fifteen tubers (6.3%) had severities of 5 t010% in the two trials (data
not shown). Five percent of the Ranger Russet and 1.7% of both the Umatilla Russet and
Defender tubers in the first trial were asymptomatic after 182 days of storage but later
developed late blight symptoms when incubated at 72° to 73°F for 13 days.

Incubation period until sporulation on tubers with late blight severities of 1 to 10%
ranged from 3 to 8 days (mean = 4.6 days) when tubers that eventually developed late
blight symptoms were incubated in a humid chamber at 59°F. Late blight symptoms did
not develop in the non-inoculated control tubers. For both trials, incidence and severity of
bacterial soft rot symptoms were 2% and 30%, respectively. Incidence and severity of
Fusarium dry rot symptoms were 8 and 50%, respectively.

Discussion

Phytophthora infestans is known to persist in potato tubers during storage (1), but
survivability in seed tubers under extended cold storage conditions and at typical seed
storage temperatures has not been known until this study. Isolates of the US 8 and other
new clonal lineages of P. infestans are aggressive in potato tubers and quickly rot
infected tubers at temperatures above 50°F. Mycelium of P. infestans is no longer able to
survive in tubers once the host tissue is completely rotten. Tubers of Russet Burbank and
Umatilla Russet infected with US 8 isolates in this study rotted within 3 months at 47°F.
However, all tubers at 39.5° and 39°F did not completely rot and isolates of the US8
clonal lineage persisted in potato seed tubers during an extended storage season of 6 to 7
months at temperatures used to store seed tubers.

Variation in the severity of late blight symptoms in infected tubers stored in long term
cold storage was high in this study. Tubers with late blight severities of less than 1% of
were not uncommon. All tubers with low severities of symptoms are not likely to be
detected and disposed during inspection, handling, cutting and planting. Such tubers are
capable of supporting sporangia and perpetuating the pathogen as they continue through
the process of handling to planting.

A latent infection of tubers was demonstrated in that some tubers were asymptomatic and
did not exhibit late blight symptoms of discoloration or necrosis on the external or in the
internal tissues at the end of a storage period. However, symptoms and sporangia of P.
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infestans developed on asymptomatic tubers when they were placed at temperatures of
59°F and above. Eyes of tubers with low late blight severities and of tubers with latent
infections were viable and sprouted after storage. Sporangia developed on sprouts from
asymptomatic tubers after storage when later incubated at high humidity and 59°F. A
relatively high number of tubers may be latently infected when taken out of environments
typical of commercial seed tuber storage, which likely depends on the level and extent of
infection the preceding fall. VVarious factors influence infection of tubers near harvest (4,
6). Latently infected seed tubers could be another important inoculum source of P.
infestans.

A potential for secondary cycles of infection by P. infestans during seed-tuber cutting and
handling has been documented (3). Sporulation of P. infestans occurred within 21 h at
high humidity after seed tubers with late blight symptoms were removed from cold
storage to a warmer environment in this study. Sporangia can be readily transmitted by
direct contact from tubers or seed pieces to non-infected seed pieces (2). Sporangia can
potentially become air borne and carried by air currents to cut tuber surfaces or tuber eyes
within a storage and cutting facility or to plants and soil in the field, resulting in
additional infections. Potato handling and cutting facilities are generally enclosed,
blocking incoming solar radiation which would also increase longevity of sporangia.

The extended incubation period until sporulation of 6 to 20 days for latently infected
tubers, 3 to 8 days for tubers with 1 t010% severity, and 1 to 2 days for tubers with 20 to
70% severities indicated different levels of establishment in tuber tissue by P. infestans.
Sporulation of P. infestans over an extended time period on tubers taken from storage
could be expected because of varying degrees of infection. This would provide a longer
time period for sporangia to be present during handling and cutting of seed tubers and
increase the probability for infected tubers to become exposed to environmental
conditions favoring sporulation, dissemination and infection.

Severity of late blight was significantly less for Umatilla Russet than for Russet Burbank
at 47°F up to 100 days of storage, but not at 39.5° and 39°F for182 to 209 days of
storage. Results of the longer storage periods near 39°F differed from a previous study
where Umatilla Russet was more resistant than Russet Burbank based on tuber severity.
Inoculated tubers were stored for 36 days at 48°F in the previous study (5). Long storage
periods at temperatures near 39°F appear to have negated the effects of the moderate
resistance in Umatilla Russet in this study. Incidence of late blight also did not differ
between Umatilla Russet and Russet Burbank in this study, indicating that resistance to
infection does not differ between the two cultivars. Tubers of Defender and Umatilla
Russet were more resistant than those of Ranger Russet for 182 days in storage at 39 to
39.5°F based on incidence and severity of infection in this study and based on severity of
infection in a previous study (5).

Pectolytic bacteria often infect potato tubers after initial infection with P. infestans.
Latently infected tubers that were detected were not affected by bacterial soft rot or
Fusarium dry rot in this study. Phytophthora infestans is a poor competitor against soft
rotting bacteria and dry rot Fusaria. Secondary infection by these organisms would

2009 Proceedings of the Washington State Potato Conference

59



60

eliminate long term survival of the late blight organism in stored tubers. Wounding of
tubers facilitates infection by pectolytic bacteria, and soft rot was not a major issue in this
study likely because tubers were not wounded before inoculating with P. infestans. Also
tubers surfaces were dry before placing in cold storage, eliminating possible anaerobic
conditions created by a water film on tuber surfaces that favor pectolytic bacteria.
Wounding tubers to inoculate with P. infestans may alter resistance reaction to P.
infestans. Storage temperatures below 40°F also inhibit development of bacterial soft rot
in potato tubers.

In summary, P. infestans is capable of surviving asymptomatically and at various levels
of symptom development in potato seed tubers for extended time periods at temperatures
around 39°F. Latent infection of seed tubers was demonstrated and posses a challenge for
management of late blight. Visual inspection of tubers will not reveal latently infected
tubers and molecular techniques and sampling procedures need to be developed to
accurately detect infection levels in potato seed lots.
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Figure 1. Severity of late blight symptoms in tubers of Russet Burbank and Umatilla
Russet stored at 47°F for 100 days.
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Figure 2. Severity of late blight symptoms in Russet Burbank and Umatilla Russet
tubers, percentage of tubers with late blight symptom severity less than one percent
severity, and percentage latent infection of tubers inoculated with Phytophthora infestans
and stored at 39.5 and 39°F for 30 to 182 days during the 2007-2008 storage season.
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Table 1. Incidence of Russet Burbank and Umatilla Russet tubers with symptoms of late
blight, severity of late blight symptoms, and percentage of tubers with latent infection of
tubers inoculated with Phytophthora infestans and stored at 39 and 39.5 F for 209 days
during 2006 — 2007.

Treatment® Late blight
Temperature Incidence of tubers Severity of late Percent latent
Cultivar with blight symptoms tuber infection
symptoms” (%)°
(%)
R. Burbank 50 90 20
Umatilla R. 70 70 10

®Number (n) each value a mean of 10 tubers.
®Incidence and severity of late blight did not differ significantly between Russet Burbank
and Umatilla Russet (P > 0.05).

Table 2. Incidence and severity of late blight symptoms and percentage latent infection
of tubers of Russet Burbank inoculated with one of four isolates of Phytophthora
infestans and stored at 39.5°F for 209 days during 2006-2007 °,

Late blight
Isolate Total Incidence of Severity of Percent
tubers  tubers with tubers with latent tuber
(n) symptoms (%)  symptoms (%) infection
Wa02 21 62 81 ab 33
Web04 24 75 89a 4
BF05 17 100 68 b 0
Wa06 22 32 69 b 9

% Values within a column with the same upper case letter are not significantly different at
P = 0.05, according to Fisher’s Protected LSD.
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Table 3. Incidence and severity of late blight symptoms, percentage of tubers with late
blight symptom severity less than one percent, and percentage latent infection of tubers of
Umatilla Russet tubers inoculated with one of four isolates of Phytophthora infestans and
stored at 39.5°F for 182 days during 2007-2008°.

Late blight

Isolate Incidence of Severity of Percent of Percent latent

tubers with tubers tubers with tuber infection

symptoms (%)  with symptoms symptom
(%) severity < 1%

Wa02 60 47 b 20 20
Web04 100 72 a 7 0
BFO5 93 77 a 7 0
Wa06 87 65 ab 13 0

% Total inoculated tubers per isolate (n) was 15. Values within a column with the same
upper case letter are not significantly different at P = 0.05, according to Fisher’s
Protected LSD.

Table 4. Incidence and severity of late blight symptoms, percentage of tubers with late
blight symptoms less than one percent severity, and percentage latent infection of tubers
of four potato cultivars inoculated with isolates BF05 of Phytophthora infestans and
stored at 39° and 39.5°F for 182 days in two trials during 2007-2008 .

Late blight

Temperature Incidence of Severity of Percent of Percent
Cultivar ? tubers with tubers with tubers with latent tuber

symptoms (%)  symptoms (%) symptom infection

Mean + se severity < 1%

First trial
Ranger R 60 a 85a 5.0 5.0
R Burbank 33 ab 50 ab 0 1.7
UmatillaR 3b 21b 1.7 0
Defender 2b 20b 0 1.7
Second trial
Ranger R 71a 85a 3.3 0
R Burbank 49 b 41b 0 0
UmatillaR Oc - 0 0
Defender 7cC 11c 0 0
% Total number of tubers per cultivar (n) at each temperature was 30. Values within a

column with the same upper case letter are not significantly different at P = 0.05,
according to Fisher’s Protected LSD. Data combined for temperatures and pre-storage
incubation periods.
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Balancing Foliar & Tuber Growth to Optimize Yield, Quality & Storability

N.R. Knowles, M.J. Pavek, C. Hiles, L.O. Knowles, & Z. Holden
Dept. of Horticulture & Landscape Architecture
Washington State University, Pullman

Background

Premier Russet (A93157-6LS), GemStar Russet (A9014-2), Defender (A90586-11) and
Alturas (A82360-7) are newly released cultivars (since 2002) from the Pacific Northwest Potato
Variety Development Program. These cultivars have excellent traits for the frozen processing
and long-russet fresh pack industries, produce high total and U.S. no. 1 yields, and have the
potential of supplanting Russet Burbank in fresh and/or French fry processing markets. With
previous funding from the WSPC (2004-07), we defined key stages of growth and development
and the attainment of tuber physiological maturity for these cultivars under Columbia Basin
growing conditions and determined how their processing qualities change in storage in response
to conventional and non-conventional temperature regimes (Knowles et al., 2007; 2008). This
research suggested that optimizing source/sink (foliar/tuber growth) relationships during the
bulking phase of tuber development was important to maximizing yield, quality and storability.
Further research to determine how in-season N management (rate and timing) alters
source/sink relationships to affect yield and quality began in 2007/08. Herein we summarize
two to four years of research to define the importance of source/sink relationships to yield, final
crop maturity, and storability of Alturas and Premier Russet. Source/sink relationships were
expressed as harvest index (HI), which was calculated at maximum foliar growth (see below).
Collectively, these studies will contribute to recommendations for fine-tuning management to
maximize yield and tuber quality (at-harvest and out-of-storage) and thus profitability for WA
growers. The studies are continuing through the 2009/10 season.

- Tuber Yid
Foliar + Tuber YId

Objectives
(1) Identify key indices of crop maturity & define their importance to yield & tuber quality.

(2) Determine how in-season N management impacts tuber maturity & postharvest quality.

Approach

Use N management to alter key milestones of crop development and evaluate effects on yield,
tuber quality, and storability. Important milestones of crop development include:

» Days after planting (DAP) to emergence

» Harvest index (HI) at maximum foliar growth

» DAP to 50% HI & T/A at 50% HI (foliar biomass = tuber biomass at 50% HI)
>

DAP to:
* max. foliar fresh wt
* max. tuber yield
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* max. sp gravity

* min sucrose

* min reducing sugars

* tuber physiological maturity

» Max. foliar biomass (T/A)
» Max. tuber yield (T/A)
» Specific gravity at harvest

Results

66

Alturas and Premier Russet were grown with four levels of in-season N (0, 50, 100, and
150% of recommended rate). Replicated plots were planted at the Othello Research
Station on April 5, 2007 and April 17, 2008. Plants and tubers were harvested at
approximately 10-day intervals from about 75 to 180 days after planting (DAP) and
detailed seasonal growth profiles were constructed for each cultivar.

The early part of 2008 was much cooler than 2007 and the 5- and 10-year temperature
averages (Holden and Pavek, 2008), resulting in lower cumulative degree days during the
period of plant emergence from 0 to 44 DAP (Fig. 1). Consequently, plants emerged
later in 2008 than in 2007.

Various indices of foliar and tuber development were calculated for each cultivar based
on polynomial models describing growth and changes in sucrose, reducing sugars, and
specific gravity of tubers over time (Figs. 2 & 3, 5 & 6). These indices included: DAP
and yield at 50% harvest index (HI); HI at maximum foliar development; DAP to
maximum foliar development, maximum specific gravity, minimum concentrations of
sucrose and reducing sugars in tubers, maximum tuber yield; and DAP to physiological
maturity of tubers (Tables 1-4).

The warmer establishment period combined with higher soil temperature in 2007
hastened plant establishment, resulting in higher rates of bulking (BR) from tuber
initiation to maximum foliar development (71 to 128 DAP) for both cultivars and at all
levels of in-season N when compared with 2008 (Figs. 2 & 3, 5 & 6). For Alturas, 50%
harvest index (tuber biomass equals foliar biomass) was reached earlier and foliar and
tuber biomass at 50% HI were higher in 2007 than in 2008 (Figs. 2 & 3). For Premier,
the DAP to 50% HI was comparable across years; however, more foliar and tuber
biomass were produced at 50% HI in 2007 than in 2008 (Figs. 5 & 6). Maximum foliar
biomass was also greater in 2007 versus 2008.

The level of in-season N significantly and substantially affected key indices of crop
maturity. On average, increasing N from 0 to 150% of the recommended in-season rate,
delayed the attainment (DAP) of 50% HI, increased foliar and tuber biomass (T/A) at
50% HI, shifted the attainment of maximum foliar growth later, increased the maximum
amount (T/A) of foliar biomass, reduced the HI at maximum foliar growth (except for
Premier in 2007), and increased final tuber yields (Tables 1 & 2, 3 & 4).

Vine persistence (foliar duration) increased with rate of in-season N, as evident by higher
foliar biomass 140 to 160 DAP (Figs. 2 & 3, 5 & 6). This effect of N was greater for
Alturas than for Premier.
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e Ingeneral, vine growth (maximum T/A) was much more sensitive to increasing rate
of in-season N than was tuber yield (Tables 2 & 4). For both cultivars, tuber yield
increased by approximately 0.8 T/A for every ton increase in foliar biomass at maximum
foliar development (P<0.001) (Figs. 4 & 7). Final tuber yields declined as HI at
maximum foliar biomasss (71-128 DAP) increased. For Alturas, final yields were
highest when tubers accounted for 38 to 42% of total plant fresh weight at maximum
foliar development (109-128 DAP) (Fig. 4 bottom). When tuber growth dominated
whole plant growth at maximum foliar development (e.g. HI = 62%), final yield was
reduced by about 11 T/A. Similar results were obtained for Premier (Fig. 7). Clearly,
management should be tailored to produce (favor) sufficient foliar growth during
the first half of the growing season to maximize yield potential. However, maximum
yield should not be the only consideration; the economics of production and issues related
to tuber maturity, postharvest use, and ability to retain processing quality should also be
considered in deciding how best to manage N.

e Tuber sucrose and reducing sugar (glucose and fructose) concentrations, along with
specific gravity, were profiled during development to define the attainment of
physiological maturity for each cultivar, as affected by in-season N rate. Tuber
physiological maturity (PM) was calculated as the average DAP to reach maximum yield,
maximum specific gravity, minimum sucrose, and beginning of end-of-season increase in
reducing sugars in the stem ends of tubers (Figs. 2 & 3, 5 & 6; Tables 1 & 3). PM ranged
from 143 to 154 DAP (Figs. 2 & 3; 5 & 6) and occurred later with increasing level of N
(Tables 1 & 3). Hence, tubers from 100 and 150% in-season N plots were less
mature (physiologically younger) at harvest than tubers from 0 and 50% N plots
where the vines had senesced earlier in the season.

e Reducing sugars in the stem ends of tubers typically increase toward the end of the
season, particularly during the maturation phase under dead vines. On average, the
concentration of reducing sugars in Alturas and Premier tubers at harvest was
higher when grown with lower levels of in-season N, indicating physiologically older
tubers (Figs. 2 & 3,5 & 6).

e Days after planting to maximum specific gravity increased with N level (Tables 1 & 3),
while maximum specific gravity decreased with increasing N level (Tables 2 & 4),
reflecting delayed maturity. On average, specific gravity at harvest was less than the
maximum achieved during the growing seasons (Figs. 2 & 3, 5 & 6). Itis clear that N
management can be tailored to influence gravity for the processing industry - lower
N will produce higher gravity potatoes for dehy, higher N will prevent gravities
from becoming too high for frozen processing. These effects on dry matter need to be
considered in the overall economic analysis of N management.

e In-season N rate also affected the total- and protein-N content and thus the nutritional
value of tubers (Table 5). Premier was the most responsive; total N increased 76% and
protein N increased 48% as in-season N rate increased from 0 to 150% of recommended
rate. In contrast, total- and protein-N of Alturas tubers increased 48% and 30%,
respectively, in response to the two levels of in-season N. The concentration of
asparagine (Table 5) and other free amino acids in tubers also increased in response
to the higher level of in-season N, which may affect acrylamide forming potential
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during processing. This possibility warrants further investigation and should also be
considered in determining optimum levels of in-season N.

Alturas and Premier tubers (8- to 12-0z) from 0, 50%, and 150% in-season N plots were
harvested 172 DAP (2007), cured at 54°F, and stored at 40, 44, and 48°F for 228 days.
Changes in fry color during storage were cultivar-dependent, reflecting differential
sensitivities to low temperature sweetening (LTS) and associated loss of processing
quality (Figs. 8 & 9). On average, Alturas produced darker fries than Premier, regardless
of storage temperature.

The effects of in-season N on out-of-storage fry color were subtle and depended on
storage temperature and cultivar. Alturas sweetened rapidly during the initial 32 days at
40°F and N-induced differences in PM had no effect on this response (Fig. 8). By April
16 (191 days) however, tubers grown with 150% in-season N produced fries that were
15% and 25% lighter (FUSDA 2) than tubers produced with 0% in-season N (=USDA 3).
When stored at 44°F to mid April, tubers grown with all levels of in-season N produced
acceptable fry color (USDA 1 or better); however, the physiologically younger tubers
produced with 150% in-season N produced lighter fries (USDA 0) than the
physiologically older tubers grown with 0% in-season N (USDA 1). At 48°F, tubers
grown with high N processed lighter than those grown with lower in-season N through
mid February. These results were a consequence of higher levels of in-season N
delaying the attainment of PM, which resulted in physiologically younger tubers at
harvest, and underscore the importance of PM to storability for processing.

For Alturas, the delay in attainment of PM by high N (150%) produced physiologically
younger tubers at harvest, as evident by a lower concentration of reducing sugars in the
stem ends of tubers and a smaller difference between bud and stem end reducing sugar
concentrations as compared with tubers grown under low N (Fig. 10). This translated
into a longer storage life for processing. The physiologically younger tubers harvested
from the high N plots retained uniform fry color (<9 reflectance units difference between
stem and bud ends) through 228 days of storage at 44°F (Fig. 10). In contrast, tubers
from low N plots were physiologically older at harvest, had a higher concentration of
reducing sugars in the stem end, and developed unacceptable non-uniform fry color (stem
to bud fry color difference >9 reflectance units) sooner in storage (by 131 days after
harvest). Hence, tuber physiological maturity was affected by N management, which
in turn affected retention of processing quality in storage. While the attainment of
PM in Premier tubers was also delayed with increasing N, processing quality was
maintained throughout the 228-day storage period, likely due to the inherent resistance of
this cultivar to LTS.

Effects of in-season N on the out-of-storage processing quality of Premier Russet were
similar to Alturas. The greatest effects of N were evident when tubers were stored at
40°F (Fig. 9). Tubers produced with 150% in-season N fried 26% lighter than the 0% N
tubers through mid April. The N effects on processing quality were not apparent at
higher storage temperatures (44 and 48°F), reflecting the high degree of inherent
resistance of Premier to sweetening over time at these temperatures.
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Summary

» Rate of in-season N significantly affected key indices of foliar & tuber maturity.

» Vine growth was more sensitive to in-season N than tuber yield — tuber yield increased
with N-induced increases in maximum foliar growth & decreased as HI at max foliar
growth increased.

» Tuberization too early in development restricts foliar growth & limits final yield.
Therefore, N should be managed to promote early foliar growth to optimize source/sink
relationships & maximize yield and quality. (HI favoring foliage at max foliar dev.)

» Tubers from 100 and 150% in-season N plots were less mature (physiologically younger)
at harvest than tubers from 0 and 50% N plots where the vines had senesced earlier in the
season.

» Stem-end reducing sugars in tubers were higher at harvest when grown with lower levels
of in-season N, indicating physiologically older tubers — this resulted in earlier loss of
processing quality during storage, particularly for Alturas.

» It is clear that N management can be tailored to influence gravity for the processing
industry - lower N will produce higher gravity potatoes for dehy, higher N will prevent
gravities from becoming too high for frozen processing.

» In-season N rate also affected total-N, protein-N, and asparagine content and thus the
nutritional value of tubers. While asparagine increased with high N, reducing sugars
were lower at harvest and in storage in tubers from high N plots, which probably negates
the potential for increased acrylamide formation.
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Table 1. Effects of in-season N level on crop maturity indices of Alturas averaged over the 2007 and 2008
growing seasons at Othello, WA. Nitrogen levels are expressed as percent of recommended in-season rates.
Planting dates were April 5, 2007 and April 17, 2008. Vines were beat 172 DAP (9/24) and final harvest was
186 DAP in 2007. Vines were beat 159 DAP (9/23) and final harvest was 172 DAP in 2008. The maturity
indices were derived from regressions of foliar growth, tuber growth, and tuber carbohydrates versus DAP for
each N regime (see Figs. 2 & 3).

Alt 2-yr DAP to Days After Planting (DAP) to
50% HI Maximum HI’ Max  Max Min  Min Red. Physiological
Nitrogen' DAP  T/A  Foliar F.Wt. %  Yield Gravity Sucrose Sugars’ Maturity*

0 88 13 112 62 160 145 145 129 145
50 101 18 116 57 164 158 148 126 148
100 106 20 118 54 168 165 147 124 151
150 111 24 121 52 162 166 151 128 153

R’ 0.99*  0.99** 0.99%* 0.99* 0.81ns 0.99**  0.79ns 0.88ns 0.99%*

Trend Q L L Q Q L Q Q L

'In-season nitrogen as a percentage of recommended rate. *HI= tuber wt/tuber wt + foliar wt at maximum foliar development. *DAP
to reach a minimum in reducing sugar concentration in the stem end of tubers. “Physiological maturity is the average DAP to reach
maximum yield, specific gravity, minimum sucrose, and minimum reducing sugars in the stem ends of tubers. *,**P<0.05 and 0.01,
respectively, for linear (L) or quadratic (Q) correlation coefficients (vs. N rate).

Table 2. Effects of in-season N level on foliar growth, tuber yield, and
specific gravity of Alturas averaged over the 2007 and 2008 growing
seasons at Othello, WA. Nitrogen levels are expressed as percent of
recommended in-season rates. See Table 1 and Figs. 2 & 3.

Alt 2007
Max. Foliar Final Tuber Specific Gravity
Nitrogen'  Biomass Yield Maximum At harvest

T/A T/A SG SG

0 14.9 32.3 1.108 1.101

50 18.3 36.1 1.100 1.096

100 21.2 37.2 1.098 1.095

150 24.7 37.9 1.096 1.091

R? 0.99%* 0.99%* 0.98%* 0.95*
Trend L Q Q L

'In-season nitrogen as a percentage of recommended rate. *Derived from regressions of
gravity vs DAP. * **P<(.05 and 0.01, respectively, for linear(L) and quadratic (Q)
correlation coefficients (vs. N rate).
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Source/Sink Relationship in Alturas
more foliar development = more yield
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Fig. 4. Top: Dependency of tuber yield on foliar growth in Alturas. The yield (T/A) of above ground
foliage at maximum foliar development was estimated from regressions of foliar fresh weight vs. Days
after planting (see foliar growth curves in Figs. 2 & 3). Data from 4 years of trials (color coded) are
shown. Bottom: Tuber yield declines with increasing harvest index (HI). HI was calculated at the point
of maximum foliar development. HI is tuber fresh weight as % total plant (tubers + tops) fresh weight.
Maximum yields were obtained when tubers accounted for 38 to 42% of total plant fresh weight at
maximum foliar growth (109-128 DAP). A source/sink imbalance occurs if tuber growth dominates plant
growth (e.g. HI = 62%) at maximum foliar development, resulting in lower yield.
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Table 3. Effects of in-season N level on crop maturity indices of Premier Russet averaged over the 2007 and
2008 growing seasons at Othello, WA. Nitrogen levels are expressed as percent of recommended in-season
rates. Planting dates were April 5, 2007 and April 17, 2008. Vines were beat 172 DAP (9/24) and final
harvest was 186 DAP in 2007. Vines were beat 159 DAP (9/23) and final harvest was 172 DAP in 2008. The
maturity indices were derived from regressions of foliar growth, tuber growth, and tuber carbohydrates versus
DAP for each N regime (see Figs. 5 & 6).

6LS 2-yr DAP to Days After Planting (DAP) to
50% HI Maximum HI’ Max  Max Min  Min Red. Physiological
Nitrogen' DAP  T/A  Foliar F.Wt. %  Yield Gravity Sucrose Sugars’ Maturity*

0 87 12 86 44 166 139 143 130 145
50 92 14 92 49 174 145 144 132 148
100 103 20 103 50 175 152 143 135 151
150 107 21 104 49 174 158 144 134 153
R’ 0.97** 0.96** 0.94** 0.99*%% 0.97* 0.99***  0.00ns 0.88ns 0.99#**
Trend L L L Q Q L L Q L

'In-season nitrogen as a percentage of recommended rate. *HI= tuber wt/tuber wt + foliar wt at maximum foliar development. *DAP
to reach a minimum in reducing sugar concentration in the stem end of tubers. “Physiological maturity is the average DAP to reach
maximum yield, specific gravity, minimum sucrose, and minimum reducing sugars in the stem ends of tubers. *,** ***p<(.10, 0.05,
and 0.01, respectively, for linear (L) or quadratic (Q) correlation coefficients (vs. N rate).

Table 4. Effects of in-season N level on foliar growth, tuber yield, and
specific gravity of Premier Russet averaged over the 2007 and 2008
growing seasons at Othello, WA. Nitrogen levels are expressed as
percent of recommended in-season rates. See Table 3 and Figs 5 & 6.

6LS 2-yr
Max. Foliar Final Tuber Specific Gravity
Nitrogen'  Biomass Yield Maximum At harvest

TIA T/IA SG SG

0 12.4 30.4 1.105 1.100

50 14.5 33.0 1.098 1.093

100 19.3 33.8 1.096 1.094

150 21.0 352 1.094 1.093

R? 0.97** 0.98* 0.98* 0.59ns
Trend L Q Q L

'In-season nitrogen as a percentage of recommended rate. *Derived from regressions of
gravity vs DAP. * **P<(.05 and 0.01, respectively, for linear(L) and quadratic (Q)
correlation coefficients (vs. N rate).
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Source/Sink Relationship in Premier
more foliar development = more yield

45 4 Premier
| 2005-2008 2006 @
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<
=
ho] 37 T
Q
.
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= R%= 0.84***

Y =20.6 + 0.77X
29 -
2008
®
25 T T T T T T T T T T
11 13 15 17 19 21 23 25 27 29
Maximum Foliar Growth (T/A)
Yield vs. Harvest Index in Premier Russet
38 _
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2 yr 2007/08 Yield = -45 + 3.62(HI) - 0.041(HI)?
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Harvest Index at Maximum Foliar Fresh Wt

Fig. 7. Top: Dependency of tuber yield on foliar growth in Premier Russet. The yield (T/A) of above
ground foliage at maximum foliar development was estimated from regressions of foliar fresh weight vs.
days after planting (see foliar growth curves in Figs. 5 & 6). Data from 4 years of trials (color coded) are
shown. Bottom: Tuber yield declines with increasing harvest index (HI). HI was calculated at the point
of maximum foliar development. HI is tuber fresh weight as % total plant (tubers + tops) fresh weight.
Maximum yields were obtained when tubers accounted for 43 to 46% of total plant fresh weight at
maximum foliar growth (71-108 DAP). A source/sink imbalance occurs if tuber growth dominates total
plant growth (e.g. = 59%) at maximum foliar development, resulting in lower yield.
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Table 5. Effects of in-season N level on total-N and soluble protein-
N concentrations in tubers at final harvest (186 DAP) during 2007
(Othello, WA). Nitrogen levels are expressed as percent
recommended in-season rates. Tuber asparagine concentrations are
also shown (avg 2007 & 08 seasons). Asparagine reacts with
reducing sugars to yield acrylamide during processing.

In-season Tuber Nitrogen®
Cultivar  Nitrogen' Total-N Protein-N Asparagine

% mg/g dry wt nmol/g dry wt

Alturas 0 11.5 2.69 51.1

150 17.0 3.49 87.2

Premier 0 11.1 2.19 57.5

150 19.6 3.25 86.2
Cultivar (C) ns *ok ns
In-season N *x *x **
CxN ** ns *

'In-season nitrogen as a percentage of recommended rate. “Protein assessed by
Bradford with BSA (16% N) as a standard. ***P<0.05 & 0.01 (ns, not significant).
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2007/08 Alturas Reducing Sugars & Fry Color
Maturity & Retention of Processing Quality

Low Nitrogen (0% in-season)
Field = == essssssi— Storage 44°F
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Fig. 10. Changes in reducing sugars (glucose + fructose), specific gravity and fry color of tubers during
development and in storage (2007 growing season and 2007/08 storage season). The crop was planted April
5, 2007 at Othello, WA and grown with 0% (top) and 150% (bottom) of the recommended in-season rate of
N. Vines were beat 172 DAP and tubers harvested 186 DAP. Physiological maturity (PM) of tubers was
estimated at 144 and 152 DAP for low and high N crops, respectively. Tubers were harvested, wound-
healed at 54°F for 21 days and then stored at 44°F until May 23. Changes in processing quality (fry color)
of the bud and stem ends of fries were compared over the 228-day storage period. Fry color was measured
as Photovolt reflectance. Note the inverted scale on the fry color axis (right). Low reflectance values
indicate darker fries. Tubers grown with low N matured earlier, resulting in physiologically older tubers at
harvest. The reducing sugar content of the stem ends of these tubers was very high at harvest and fry color
became non-uniform by mid March (bud to stem difference in Photovolt ref units >9). In contrast, reducing
sugar levels in the stem ends of high-N tubers were less than in low N tubers at harvest. High N tubers were
physiologically younger than low N tubers at harvest and maintained uniform fry color throughout the
storage period (bud to stem difference in Photovolt ref <9). Nitrogen management can thus affect tuber
physiological maturity, which in turn affects retention of processing quality during storage. Photovolt
readings >31= USDA 0; 25-30= USDA 1; 20-24= USDA 2; 15-19= USDA 3; <14= USDA 4. Each point is
the average of 12 tubers £SE. Each fry plank is from a different tuber selected to represent the average fry
color in a 12-tuber sample. See Fig. 2 for growth profiles.
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Good morning, Washington State Potato industry friends!

Some thoughts on a time of where teamwork among all of us in agriculture is urgently
needed, a time of opportunity with some challenges...

We’ve come a long ways as Northwest farm families since the first artesian irrigation well
at our ranch, 1908

84

We have a lot of people to educate—in Washington, D.C., in Olympia and among our
neighbors unfamiliar with agriculture. And we’ve got a great story to tell.

On my own place—where Franklin, Adams, and Whitman county borders meet, and
everywhere across the Columbia Basin, a land once desolate has become a leader in
producing foodstuffs for a hungry world.

The Blessing of Aridity (1899) “The land which the casual traveler, speaking out of the
splendid depths of his ignorance and prejudice, condemns as ‘worthless’ and “fit only to
hold the earth together’ is in reality rich and durable beyond the most favored districts in the
humid regions.”

“The miracle of irrigation”

My grandfather and three great-uncles bought a failed irrigation project, designed to use the
waters of the Palouse River to irrigate 400,000 acres of the Columbia Basin. Flumes on both
sides of the canyon—one day they’d wash out the railroad tracks on one side, the next day
the state highway on the other.

Artesian wells provided us the first reliable water source—we irrigated 4,000 acres of apples
in addition to raising dry land wheat and range sheep.
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We’ve made great strides forward as stewards of the land....

In wise use of applied chemistry---
“The apples showed too much arsenic to be reassuring. But if the sorters
wipe each one we will get by”” McGregor Land & Livestock 1926
--a world of formaledehyde and lead arsenate

And, with water, far less dust than the “Dirty Thirties”

“We had dust storms that would last for three days. Dad and Mom bought a new Chevy in
Nepel. On the way home they got in the dust storm and got lost out in fields for hours and hours—
ruined the engine on the car before they got back. We would go out and find mice blind from the
dust and sand all over the fields and chickens buried in the dust. You could walk over the fence in
many places—the dust was that deep.” Elmer Pfaff

Pulling Together, Farm Families Have Produced Dramatic Results....

During the lifetimes of veteran farmers, farm families have:

----increased yields 250%

----reduced waterborne soil erosion 85%

----reduced dust 600%

----reduced field burning 2200%

It’s the biggest achievement of any generation of farmers in the last 10,000 years....

It’s Time to Build Some Relationships and to Strengthen Others

A 44" the 111", and 50 new faces...

---Some “centrists”

--- some familiar faces

----and an active environmental agenda...

I’ve been active speaking and working with members of Congress on behalf of farm families for
thirty years now and | believe that our efforts in 09 are more critical than ever....

President Obama---

Signs are that he may be a good listener. The wheat and corn associations point out his staff has
shown genuine interest in hearing the views of American farmers.

My experience: Obama’s agricultural advisory committee---When | brought up issues of
agricultural research, trade, rivers and transportation, they listened and asked attentive
questions...

Kiplinger Ag Report—In Obama farmers have a good friend in D.C. He has long supported
agribusiness and biofuels.” Truth is, nobody knows for sure. No point in waiting or in being
pessimistic.

We’re starting with a clean slate with a new administration concerned about feeding the world
and we’d best be getting at the business of telling our story.

Some key people we’ve worked with before....

Familiar faces: Tom Harkin and Collin Peterson (agriculture)
Kent Conrad (D-N.D.) and Thad Cochran (R-Miss) (budget)
Max Baucus (D-Mt) and Chuck Grassley (R-1a.) (finance)

Two “centrists” at Agriculture and Interior
“A big sigh of relief” Tom Vilsack (Agriculture);Ken Salazar (Interior)
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Significant changes in the House of Representatives

--from moderate committee chairs to more strident ones...
Henry Waxman replaces John Dingall (energy and commerce)
Ed Markey (Mass.) pulls rank to head (air quality)

An active environmental agenda
Some aggressive leadership, with scientific credentials, on environmental issues
Lisa Jackson (EPA) and Carol Browner, ombudsman, on environment and warming

Keep the Focus on Feeding the World

FERTILIZER:

febping atl kinds of

LITTLE SPROUTS

fertilizers

As growers, as agribusiness, as scientists....
Every second we have 3 new mouths to feed
Every 2.5 seconds we lose an acre of farm ground

Agriculture has often been taken for granted in the past—we’ve all had to explain why
research is vital, why we must keep learning and advancing...

A new awareness is starting to reach urban America....

We must double food production worldwide during the working careers of young farmers...
We need to produce as much food between now and 2040 as we’ve produced in the last
10,000 years...
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Exponential population growth—an issue that crossed the rural/ urban barrier and
concerns all Americans, or should...

Exponential Growth

The estimated world population counted November 27, 2006
6,581,540.490

Increase of World Population
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To critics who claimed Tom Vilsack was unfit to be Secretary of Agriculture because he had
close ties with mainstream agriculture and the biofuels industry
---automatically an enemy of “sustainable” and “organic” agriculture?

Sen. George McGovern, Director of World Food Program

“The primary goal of agriculture is to feed ourselves and those around the globe who lack
America’s productive resources. America’s farmers have become so efficient that 1 percent
of the population can feed an entire country and much of the world. One of the downsides of
this efficiency is that consumers have forgotten where our food comes from and what it
takes to get our bounty into supermarkets. We all want a safe and inexpensive food supply.
Even with the recent food price inflation Americans still spend only 10 percent of their
disposable income on food, the lowest in the world. A case can be made that our entire
consumer economy is fueled by cheap food. There would not be as many cell phones or
other conveniences if Americans had to spend 20 percent or more of their disposable income
on food. We need to get beyond ideology and depend more on science. We need to develop
a new understanding of agriculture based on our larger goals if we are to craft a long-term
food and farm policy that works.

Agriculture has a responsibility to help care for the environment. But let’s stick to science
and avoid an ideological debate about agricultural practices.”
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Demand for foodstuffs has soared...

Mil Tonnes World G
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Global demand for food has doubled from a 1.3% increase every year to 2.6%

The 500 million metric ton challenge—that is the 20% increase in food production that must
occur by 2020...
The *07-"08 food crop: The first time demand outstripped supply without disastrous crops

somewhere in the world...
That’s why there was a huge demand for fertilizers.

As demand for food escalated, so did fertilizer prices....
+ 268% between 2000 and mid-year 2008

1990-1992 = 100

Fertilizer Prices at Record Levels

Index of Fertilizer Prices Pald by Farmers, Jan. 1995 - June 2008

Increase of 268 percent
January 2000 — June 2008
2008

“Fertilizer producers were clearly reacting to record commodity prices and priced their
products accordingly.”” Farm Bureau

--runaway inflation—painful for growers and hated by those of us growers rely upon

to serve them

88
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Domestic fertilizer production has been in a freefall even as demand has risen..

- Cumulative TU.S. Ammonia Plant Closures vs. Natural Gas Prices

1985-1997

o Averape
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Price of
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number of plants
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---escalating natural gas prices= 25 NH3 production plant closures

Domestic nitrogen production once filled 85% of U.S. needs, now 45%. Domestic phosphate
production fell 30%

Leaves us vulnerable as never before

Here’s why NH3 is critical

It’s the feedstock to make all nitrogen solutions, urea, phosphates (to a lesser degree), industrial
products also.

US Ammonia Uses
2005-2007 Average

Ammonium Nitrate

Direct Application

1158 Nitrogen Solutions

Ammonium Sulfate

Non-Feriilizer

21% direct applied, 19% nitrogen solutions/ 6% for urea/ 15% MAP and DAP

We’ve fought to keep railroad lobby from being relieved of common carrier duties—would have
meant that all NH3 would have had to have been trucked from ocean ports.
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Here’s where nitrogen comes from these days....
Main exporters to us: Trinidad and Tobago, Canada, Russia
China—uworld’s largest urea exporter---in 2007 put a 135% tariff on shipments overseas of
urea and phosphate.

U.S. N Imports by Country, FY
2007/08

Venezuela Other

3.6%
China (Mailand)
4.7%

Trinidadand Tobago
34.1%

Russia

15.0% 17.3%

Source : The Fertilizer Institute and the U.5.
Department of Commerce

And the world of potash....
Major exporters are: Canada 39%, Russia 20%, Belarus 16%, Germany 11%,
Israel 7.5%, US 0.5%
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Dollars Per Ton

When world demand faltered, fertilizer prices fell like a stone...
Gulf Coast prices of NH3 and urea

Production shut down or slowed in Trinidad, Canada, Ukraine, Italy, Romania, Estonia,
Libya, Turkey, Hungary. Urea in Ukraine halted by pipeline squabble with Russia.

U.S. Ammonia Price, f.0.b. Gulf Coast _
U.S. Urea Price, f.0.b. Gulf Coast
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Phosphate followed, not potash.
Limited supplies. Potash from Canada, Germany, Russia.
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{Million tonnes of K20)

Nutrients will be more affordable this spring!
---predicting the “bottom” can be a game of very high stakes poker
even for colleagues of mine who are immersed in that world full time...
----“Global prices for fertilizer are expected to be significantly lower in 09 than in the
previous year, driven by a fall in demand and the global financial crisis [Rabobank]”
----some more production will be coming on line next few years—

New production will help some....

Global Nitrogen Capacity Additions (exci. china)

- Limited capacity nitrogen additions in 2008-2012
- World nitrogen capacity of 142 mmt, excluding China 102 mmt

High and Low Range For World Demand Growth

#

2006 2007 2008 2009 2010 2011 2012

(Million tonnes of Nitrogen)
5]

® Other ® lran E Other/Africa B Kenai

Note: Excludes Chinese capacity additions. nutrent tonnes

Global Phosphate Capacity Additions

High and Low Range For World Demand Growth
/

(Million tonnes of P205)

2008 2007 2008 2009 2010 2011 2012

W Other E North Africa H China ® Saudi Arabia

Global Potash Capacity Additions

High and Low Range For World Demand Growth

2006 2007 2008 2009 2010 2011 2012

W Other B FSU B Canada
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As a business that serves potato growers out in the field....
We take advantage of our independence and our strength to buy as well as we can and pass
along the savings.
We invest in growers’ futures and ours, with equipment, facilities, most of all dedicated
long-term people with a passion for agriculture....

We need to work together

---as growers, as crop advisers, as scientists, as suppliers of products
----To help manage risks and help farm families succeed in ever more complex times...
As a senior bank executive put it recently: Farmers and those who serve them

must be more proactive in planning and in developing ‘what if* action plans and

cropping ideas for this year, next year, and the years beyond. Teamwork and

trusted partners are essential tools for success in a fast changing agricultural

world.

A major issue for the energy intensive potato world...
Greenhouse gases and carbon caps and trades.....
“The Western Climate Initiative” with a focus on “the largest emitting sectors including
forestry, agriculture, cement, iron, aluminum, energy and transportation.”
“Reversing the damage done by global warming is the great environmental challenge of the
21% century.” Arnold Schwarzenegger.
----Greenhouse gases in your truck fleet — now a focus of the Washington Dept of Ecology.
----Do steers emit more methane when grass fed or on grain? Environmental activists
unfamiliar with agriculture have claimed cattle on feed emit methane — grass fed ones don’t.
Untrue — pseudo-scientific baloney.
Some potential for offsets—and they will be worth fighting for. But we mustn’t
get all wrapped up in them—in California they were pulled off the table...

Energy Costs and Carbon Offset Consequences
Natural gas represents over 90% of the costs to produce feedstock nitrogen.
Earlier bill (Lieberman-Warner of 2008)—would have increased costs to agriculture by
37% (fuel) and 50% (nitrogen).
“Like it or not, we have a carbon based farming system. We use fuel for our tractors to make
food, fuel and feed for the nation and the world.” (Farm Bureau)
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Help us explain—none of us uses nitrogen carelessly or casually....
We’ve become steadily more efficient—all across the broad spectrum of crops in our state.
Soil testing, advanced agronomy, precise placement....
Please be aware of research already in place on nitrogen, minimizing CO2, and using
nutrients efficiently. 1f you’d like copies of the international fertilizer studies, let me
know—a good way to combat misconceptions....

We believe growers are the best judges of their needs in the field....
“If we are not successful in building a coalition to promote the science of nutrient use
efficiency, and if the whole agricultural community does not come on board, we will
surely see mandated use reduction on the farm down the road.” Ford West

We need to join forces as Team Agriculture...
1). To urge Congress to consider the production of foodstuffs, including the
ingredients necessary to grow them, as a top national priority
2). To show energy efficiencies we’ve achieved in all facets of food production...
3). To avoid forcing new energy producers to use natural gas so that the 3% used
to produce nitrogen, and therefore bountiful crops, remains available and
affordable!
We need to avoid government sanctioned “fuel switching”—driving energy producers
away from coal to an energy source vital for producing food, natural gas. Could force
more production to move overseas. It doesn’t make sense, while striving for energy
independence, to lose domestic production vital for agriculture.

The challenging world of buffers
Kudos to Potato Commission for promotion of sound research
--We as agriculture — from registrants to applicators —need to keep working with EPA
providing practical information for final revisions...
---A buffer of 100” or more can cause serious economic dislocation for growers

We all need to pull together on this and many other issues — to be good stewards of
important tools while minimizing farm losses...

We are happy to help fight the battles
One of the pluses of having been around agriculture for a long time is that you get to know
the people we can call upon as farm families to help when the chips are down....

Let’s tell of our progress as we take on many issues....
---Fine tuning and encouraging “Good Agricultural Practice” concepts
---Finding essential workers for our farms
---Research funding—we’ve won many battles in the past
---Transportation, dams, and many water issues
---CDL’s, hazmats and regulations
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We, the people of agriculture, share some values that matter
McGregor sheep herders with all the essentials—shotguns, sheep dog, Scotch, 1925

My great uncle Archie, writing from his herder’s tent in 1894, described the essentials for
success in agriculture—industry, work, character, honesty and fair dealings.
Unusual values in a more crowded and litigious society...
Hard for many to imagine making a living on the land.
----our field is the last bastion of family business--- powerful attributes that
helps make sure many an urbanite sits up and listens when farmers speak

Like our ranch harvest crew of eighty years ago....
Some with hands on hips, some with arms folded, one with a cocked straw hat and some
with big smiles—we can pitch in as a modern day crew, take on the challenges, and do
pretty darned well, thank you...

2009 Proceedings of the Washington State Potato Conference

95



We’ve conquered a lot of challenges over the years but often we get so busy we don’t find
the time to stop to build alliances across crops, state borders, with agribusiness, as we
should.

--a good start—32 agricultural groups, from Columbia-Snake irrigators to cattle feeders to
conservation districts---went to Olympia this winter with priorities they shared...

We’re enthusiastic about what we can achieve pulling together.
“Without high yield agriculture and irrigation, millions would have starved or millions of
acres of pristine land would have had to be ‘broken’ by the plow. Dedicated farm families
are part of the essential process of feeding a burgeoning world population. Have a passion
about what you do and you will make a difference. Norman Borlaug

“If we allow misconceptions, not science and good judgment, to dictate the future of

agriculture we, as Americans, will be guilty of displaying a diminished gene frequency for
common sense.”

With a “change” agenda in D.C, and some work to do in “Olympia,” too...
With many newcomers to educate.....

It is time to cast aside any pessimism or frustration
It is time for we, the people of Northwest agriculture, to pull together as never before

Please join us

The people of Northwest agriculture—potato growers, those of us who serve the potato
industry, and all of us with ties to the land—in being passionate advocates for farm families
and our remarkable agricultural production systems! Thanks, Friends!
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Potato Cyst Nematode Research in the Pacific Northwest
Roy Navarre

Potato Cyst Nematode

Potato cyst nematode (PCN) has recently become a concern for the potato
industry in the Pacific Northwest. This article will summarize PCN developments in the
Northwest and provide basic details about the pest that should be of interest to producers
not familiar with it.

In April 2006, the pale cyst nematode, Globodera pallida, was found during a
routine survey of tare soil at an ISDA grader facility in eastern Idaho and subsequently
traced back to a field in Bingham County, ID. Initially, this led Japan to prohibit all
potato imports from the U.S.A., and several other countries including Canada, Mexico
and South Korea banned potatoes from Idaho. Since these initial findings, PCN has been
found in a total of 8 fields in eastern Idaho, all in close proximity to one another.
Scientists are working to eradicate the PCN population in Idaho, with APHIS leading the
eradication effort.

Previously in the United States, PCN had only been found in Upper State New
York and Long Island. The species in New York was found in 1941 and is a different
species of PCN called golden nematode, Globodera rostochiensis.

In addition to the discovery of PCN in eastern Idaho, two other Globodera
discoveries have raised concerns in the Northwest. In 2008 cysts were found on a farm in
central Oregon that has grown potatoes and other crops. This nematode was eventually
identified as a previously unknown Globodera species. Very little is known about this
nematode, and it is not even yet known whether potato is a host, as there are Globodera
species that are not pests of potato.

Of great concern to the Washington industry was the finding of PCN in two seed
potato fields in Alberta, Canada in 2007. Each farm had a single positive sample, the
first farm had one sample out of 284 test positive and the second had one out of 143. A
retest was conducted using 610 soil samples from the two fields, but PCN was not
detected. A more widespread Alberta survey tested 2721 samples and no PCN was
detected. As of this writing, tens of thousands of samples have subsequently been tested
but PCN has not been detected again. This PCN was identified as the golden nematode,
so it differs from the species found in Idaho.

Estimates have been made that if PCN became more widespread in the U.S. that
crop loses of $5 billion could result. The spread of PCN to new sites in the U.S. could
result in trade embargoes, compromising domestic and international trade. Quarantines
would affect the potato industry, but also agricultural commodities shipped from the
regulated areas and carrying soil such as all nursery, turf, root, and tuber crops.

The Nematode: The PCN cysts found in Idaho are often called the white or pale
cyst nematode. The cysts are typically white, almost translucent but can darken,
especially if dry, and are filled with eggs (Figure 1A). PCN cysts typically contain 300-
500 eggs, but more or less may be present. Some of the cysts from eastern Idaho
contained over 700 eggs. Folded inside each egg contains a juvenile (Figure 1B), that
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upon hatching can infest potato roots. PCN has a very narrow host range including
potatoes, tomatoes, eggplant and some other solanaceous plants.

A major reason that PCN is such a problem is that the cysts can remain viable in
the soil for greater than 30 years even in the absence of a host. The cyst stage of the
lifecycle is somewhat resistant to many treatments, including chemical fumigation. For
example, in a New York field infested with PCN in 1968, chemical treatments were
followed by 7 years of non-host crops and 17 years of potato production, during which
cysts were not detected. But in 1993 cysts were again detected in the field.
Recommendations out of the New York PCN control program included treating all new
infestations with nematicides, prohibiting host-crop production, and enforcing strict
sanitation to prevent soil movement.

Figure 1. A) PCN cysts that have been ruptured, allowing the eggs to spill out. Some
eggs can be seen inside the cysts. B) Juvenile emerging from an egg. The juveniles are
tightly coiled inside the eggs prior to hatch.

Similarly, PCN was found in British Columbia in 1965 and the field treated with
nematicides. Host crop production resumed and an additional infestation was detected. In
the 1970s host-crop production was prohibited, yet a 1995 soil bioassay showed the
presence of viable PCN. In the absence of a host, the population will decline each year,
with golden nematode thought to decline faster than the pale nematode. PCN declines
more rapidly in warm soils in the absence of a host, up to 50% per year, but more slowly
in colder soils such as in Scotland where decline has been estimated at 18% per year.
However as the examples above illustrate, small amounts of viable cysts can persist for
decades and these can quickly increase in numbers if a host crop is planted.

Detecting the cyst in a field is not easy, as a relatively small amount of soil is
sampled due to labor and logistical issues. One scientist has estimated that to reach levels
detectable by the typical soil assay used in the United Kingdom, that there would have to
be 62 million cysts per 800 square meters. To reach this level would require 25-35 years
assuming an initial population of 10 cysts and a 1 in 5 host crop rotation.
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PCN Impact: If nematode concentrations are allowed to reach high enough levels in a
field, they can cause severe yield loss and over 80% of the crop can be lost (Figure 2).
One estimate is that for every 20 eggs per gram of soil, 2 tons/HA are lost. At around
100 eggs/gram of soil, yield reduction starts to exceed 50%. G. pallida numbers can
reach 10,000 per gram of soil. Note that a single cyst will typically have more than 200
eggs. One study showed that yield losses are greater in sandy soils than in loamy soils.
The nematode reduces the size of the root system and alters plant mineral uptake, which
reduces growth and can lead to early senescence. Symptoms of PCN include patches of
poor growth, often with yellowing, wilting, particularly at midday, delayed flowering or
foliar dieback. Even with minor foliar symptoms, yields can decrease.

PCN can be effectively managed, such as with fumigation and crop rotations. So
it is likely that the quarantine issues are an even bigger concern than any potential impact
of PCN on yield. For example, many countries ban import of potatoes from regions
known to contain PCN. PCN is a quarantine pest and is not found in many countries,
which can lead to aggressive measures to keep PCN from being introduced. PCN is
widespread in many parts of the world, including in Europe, with no EU country known
to be PCN free. However other regions are PCN free, such as most of North America. In
August of 2006, APHIS and ISDA established a regulated area near Shelley, ID of about
10,000 acres that was under a Federal Domestic Quarantine Order to restrict interstate
movement of products including potatoes, nursery stock, compost, farm equipment, grass
sod, soybeans, hay, ear corn and many other items at risk to spread PCN. PCN infests
roots, but not tubers, but can be spread through soil adhering to tubers. PCN can also be
spread through wind blown soil, contaminated farm equipment, animals, and water.

Figure 2. Potato yield from a PCN infested field (left) and non-infested field (right).
Picture is from ARS Magazine.

Impact on Washington: As a result of PCN discovery, import of Alberta seed potatoes
into the United States was temporarily banned. This caused difficulties for the
Washington industry as about 30% of the state’s seed potatoes come from Alberta and
alternative sources had to be procured. There were concerns about the potential for soil
clinging to Alberta seed potatoes introducing PCN into fields where they were planted. A
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soil survey is currently underway in Washington. Seed potatoes from PCN infested fields
are an alarming scenario for the spread of PCN. However, the very low numbers detected
in Alberta is a plus and may reduce the risk of spread. Furthermore, in a strange twist M.
chitwoodi could end up benefiting growers, because fumigation is practiced routinely by
Washington growers to control the root-knot nematode. This routine fumigation along
with the very low numbers found thus far in Alberta give hope that PCN has not been
spread.

In May of 2008 the USDA and the Canadian Food Inspection Agency (CFIA)
announced modified guidelines to allow for the continued trade of potatoes should there
be future detections of potato cyst nematodes in either the United States or Canada. New
export certification requirements include full grid soil sampling of all fields used to
produce seed potatoes for trade between Canada and the United States. The previous soil
sampling would no longer meet the requirements. All potato shipments between the two
countries also must include a phytosanitary certificate with a declaration confirming that
the seed potatoes originated from fields tested and found free of potato cyst nematodes.

PCN Eradication Research at Prosser: No PCN has been brought into Washington for
research, but several Prosser scientists are assisting in the eradication effort and are
working with colleagues at the University of Idaho, Cornell and APHIS. The Navarre
group is using some of the same techniques they developed to analyze potato vitamins
and phytonutrients in previous WSPC-funded work to search for compounds secreted by
potato roots that stimulate PCN to hatch. Typically a cyst will not hatch until it senses
environmental conditions favorable for reproduction, which include the presence of a
suitable host. Roots of potato and a few other solanaceous plants, but not most other
plants, produce exudates that stimulate the eggs in cysts to hatch. We have already
conducted substantial metabolic profiling of diverse potato genotypes during our
phytonutrient work. During this profiling we identified numerous compounds that seem
unique to solanaceous crops and these are good candidates to be examined as potential
hatching factors. If eggs can be tricked into hatching in the absence of a suitable host,
then the nematode will die. Other ways to induce hatching, including the use of trap
crops are being explored. Thus, a critical point in controlling PCN is to identify the
chemicals that stimulate the eggs to hatch. We are also evaluating which plants have the
potential to be used as trap crops. A successful hatch crop will secrete compounds from
the roots that stimulate the eggs to hatch, but the plant will be immune to infection. Thus
a trap crop will essentially be inducing a suicide hatch, as hatched juveniles will quickly
die in the absence of a host. One trap crop candidate with potential is Solanum
sisymbriifolium (Figure 3).
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Figure 3. Solanum sisymbriifolium being grown in a greenhouse at Prosser, WA. Note
the thorns on the stem and leaves.

The Riga group is studying the depth of kill of various nematicides and assessing
the survival and parasitic potential of PCN from deep soil locations. A grower workshop
will be held in the fall at Prosser. In addition the efficacy of numerous nematicides and
biofumigants will be tested. Green manures will also be evaluated. For example, the bio-
nematicides: DiTera, QL and NatureCur will be studied on PCN along with the impact of
biofumigant green manures like mustard, arugula, the combination of mustard and
arugula, and white mustard. Other crops tested will include fodder radish, ryegrass, lupin,
Phacelia, French marigolds, persian clover, common vetch, white clover, spurry, forage
rape, red clover, and sudangrass. It is well documented that brassicaceous plants contain
precursors of isothiocyanates (ITCs; e.g., allyl, methyl forms), and glucosinolates which
are released in the soil and have negative impact on nematodes. In addition, the green
manures will be combined with the synthetic and bio-nematicides to study the combined
effect on PCN.

The Boydston group, which includes Dr. Mojtahedi, is assessing whether weeds
found in the Pacific Northwest can act as hosts for PCN. In temperate climates, PCN
populations decline by about 30% per year in the absence of a host crop. However, if
weed hosts are present in the rotation crop, one can expect multiplication of PCN on
those weeds. PCN is reported to have a narrow host range that includes several weeds in
the genus Solanum and several wild species in the genus Lycopersicon. Weeds are highly
heterogeneous and weed biotypes from different geographic regions may not result in
similar host status for Idaho PCN. Three common annual nightshade species; black
nightshade, hairy nightshade, and cutleaf nightshade, exist in Idaho and other potato
growing regions in the Pacific Northwest. These nightshade species and the most
common weed species found in the PNW potato production region will be tested for host
suitability for PCN collected from Idaho, so that local weed hosts of the nematode are
identified and can be targeted for control during eradication efforts.
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Hairy Nightshade Is an Alternative Host of Spongospora subterranea,
the Potato Powdery Scab Pathogen

'Nadav Nitzan, 'Rick Boydston, *Dallas Batchelor, *Jim Crosslin, ‘Launa Hamlin &
'Chuck Brown
'USDA-ARS, Prosser, WA 99350; *Weather or Not, Pasco, WA 99301.

Introduction

Powdery scab of potato tubers is caused by Spongospora subterranea (Wallr.)
Lagerh f. sp. subterranea. Potato (Solanum tuberosum) cultivars that are susceptible to
the disease demonstrate galls on the roots and stolons and lesions on the tubers (Harrison
et al. 1997). Infected potato tubers and infested soils are means of disseminating the
powdery scab pathogen, which can remain viable and infectious for many years (Kole
1954), and may acquire and transmit the Potato mop-top virus (Jones and Harrison 1969;
Qu and Christ 2006).

Spongospora subterranea is a plant pathogenic protozoan (Braselton 2001,
Corliss 1994), classified in the phylum Plasmodiophoromycota (Alexopoulos et al.
1996). The pathogen is characterized by: 1) obligate parasitism, 2) the formation of
plasmodia inside host roots and tubers, 3) bi-flagellate zoospores, 4) infectious activity at
temperatures between 10 to 20°C under wet conditions, and 5) the formation of
conglomerations of resting spores in sporeballs (Karling 1981; Braselton 1995). The
sporeballs aggregate on the roots as galls and in the tuber lesions (Harrison et al. 1997;
Merz 2008). The disease gets its name, powdery scab, from the appearance of the lesions.
The life cycle of the pathogen initiates from the sporeballs that are the primary source of
inoculum and may be tuber or soil-borne. In the presence of a host and favorable
environmental conditions, primary zoospores emerge from the sporeballs to infect the
root hairs. Following infection, a plasmodium develops within the root, and cleaves into
segments that develop into zoosporangia, releasing secondary zoospores. The secondary
zoospores continue to infect roots and developing tubers. Eventually, root galls and tuber
lesions are produced. It has been suggested that S. subterranea acts as a polycyclic
pathogen and secondary zoospores are released from the root galls or through the roots
from zoosporangia increasing inoculum in the soil. Also, it is suggested that, during the
life cycle of the pathogen, sporeballs development in root galls or tuber lesions occurs at
the same time with secondary zoospore infection (Alexopoulos et al. 1996; Harrison et al.
1997; Merz 2008).

Hairy nightshade (Solanum sarrachoides) is an annual weed, which is wide
spread in North America, and is especially abundant on irrigated lands in the western
USA (Ogg and Rogers 1989). At low crop infestation densities (2-5 plants per meter row)
it can produce over 45,000 seeds per plant, and at high crop infestation densities (20-50
plants per meter row) it can produce over 300,000 seeds per plant. Hairy nightshade
competes with potato plants for water and nutrients (Alvarez and Hutchinson 2005,
Boydston et al. 2008a, Eberlein et al. 1992) and having a physiology similar to that of
potato, it is very difficult to control with herbicides in potato fields. A very important
aspect of hairy nightshade in potato production is its tendency to host numerous potato
nematodes, insect pests, viruses and disease causing agents (Alvarz and Sinivasan 2005,
Alvarez and Hutchinson 2005, Boydston et al. 2008a, Boydston et al. 2008b). Being so, it
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maintains their populations in the absence of potato, and serves as a source of inoculum
in their presence.

Spongospora subterranea has been reported to have a wide host range (Jones and
Harrison 1969, Harrison and Jones 1970, Jones and Harrison 1972, Ansersen et al 2002).
Galls similar to those of S. subterranea on potato roots were observed on roots of hairy
nightshade (Boydston 2006). These galls were observed annually on hairy nightshade
plants grown in commercial potato fields in Washington State with history of S.
subterranea root galls and powdery scab on tubers. When these galls were ground,
sporeballs were observed (Rick Boydston-unpublished data). The present study tested the
hypothesis that the root galls observed on hairy nightshade were the outcome of infection
by S. subterranea. The objectives of the present study were to identify the causal agent of
the root galls on hairy nightshade; and if it was S. subterranea to reinoculate potato and
hairy nightshade with sporeballs from both potato and hairy nightshade to confirm cross
infection.

Materials and Methods

Potato plants of the powdery scab susceptible cultivars Shepody, Umatilla Russet
or Russet Burbank were propagated using stem cuttings originating from disease-free,
nuclear tubers that were produced from tissue cultured plants. The stem cuttings
consisting of one or two nodes were dipped in rooting hormone. The plantlets were
incubated at room temperature (21-25°C) under fluorescent light until roots developed
(approximately 2 weeks), and were then moved to the greenhouse.

Hairy nightshade seed was extracted from locally collected berries and treated
with 1500 ppm of gibberillic acid for 48 hrs prior to germinating at 29°C in the dark.
Seedlings in the cotyledon stage were transplanted into 4 L plastic pots containing methyl
bromide fumigated (0.3 kg/m°) loamy sand soil composed of 84% sand, 10% silt and 6%
clay (Brown et. al 2006). The hairy nightshade and potato plantlets were grown to an
average height of 15 cm before inoculating.

Potato inoculum was prepared from infected potato tuber lesions and root Hairy
nightshade inoculum was prepared from root galls collected from hairy nightshade plants
grown in a commercial potato field near Moses Lake, Washington during 2007 and 2008.

The hypothesis and objectives were tested in five independent experiments in half
liter plastic pots filled with Sun-Shine potting mix and arranged in a completely
randomized design with 3 to 8 replications per treatment. The treatments included potato
and hairy nightshade plants inoculated or not inoculated with one of each inoculum
source (potato or hairy nightshade). The trials were 2-3 months in duration, and were
conducted in a growth chamber with a constant temperature of 15°C and under
continuous light. The soil was kept moist by irrigating to field capacity every 2 days.

Roots were visually assessed for presence or absence of root galls with the aid of
a magnifying glass at the end of each trial, immediately after harvest. To compare
between the number of sporeballs produced in root galls from potato and hairy
nightshade, ten freshly harvested galls from plants grown in the growth chamber, and six
dried root galls from plants collected in the field were removed at random. Since numbers
of sporeballs can vary due to gall age, the root galls were removed from plants that were
growing side by side in the same field, and were harvested at the same time; and from
plants that were inoculated at the same time, grown in the growth chamber under the
same conditions and harvested at the same time. The galls were weighed, and then
macerated in 1 mL of water using a mortar and pestle, and the average number of
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sporeballs was quantified with a hemacytometer per 1 g of root gall. All photographs
were recorded with Canon EOS Digital Rebel XT camera. Photographs under the
dissecting microscope were recorded at 60x-310x magnification.

Spongospora subterranea-specific PCR was performed to determine the presence
or absence of the pathogen in: 1) root galls from field collected potato and hairy
nightshade; 2) root galls from artificially inoculated potato and hairy nightshade; and 3)
asymptomatic (without galls) roots of both hosts from artificially inoculated plants.
Nucleic acid was extracted from root galls and root tissue using the method reported by
Crosslin et al. (2006).

Statistical analysis of all data was carried out in SAS (Version 9.1, SAS Institute,
Carry, NC). The relationship between the source of inoculum (potato or hairy
nightshade), the type of host plant (potato or hairy nightshade) and the presence or
absence of root galls was analyzed using Proc GENMOD. The association between visual
assessment of root galls and PCR outcome was carried out as a correlation for
dichotomous nominal-scale data using Proc FREQ. Differences in sporeballs production
were analyzed as continuous data using Proc GLM, and means were separated with
student’s t-test LSD. All inferences were conducted at 5% significant level (Zar 1996).

Results

Root galls were recorded on potato and hairy nightshade. A statistically
significant (P<0.05) interaction was recorded between the source of inoculum and the
host in relation to the frequency of plants with root galls. More (P<0.05) potato plants
had root galls when the inoculum originated from potato than from hairy nightshade
(Table 1). The frequencies of hairy nightshade plants with root gall were similar
(P>0.05) regardless of the inoculum source.

The visual and the PCR assessments significantly correlated (P<0.0001; Phi
Coefficient= 0.69). The visual assessment of root galls, and the PCR assessment of the
presence of S. subterranea corresponded in 34 of 40 samples (Table 2). Among the
samples that the PCR and the visual assessments were incongruent, 5 of 40 were negative
visual assessments, but positive PCR outcomes; and only 1 of 40 was a positive visual
assessment, but a negative PCR outcome (Table 2).

The numbers of sporeballs produced in galls developing on potato were greater
(P<0.05) than the numbers of sporeballs produced in galls developing on hairy
nightshade (Table 3). The galls did not differ in weight (Table 3). Figures 1 and 3
represent root galls from potato and hairy nightshade plants, which were growing side by
side in the same field, and were harvested at the same time (3-4 months into the growing
season). Figures 2 and 4 represent galls on potato and hairy nightshade plants that were
inoculated at the same time, grown in the growth chamber under the same conditions and
harvested at the same time. The galls developing on potato in the field (Figure 1) or the
growth chamber (Figure 2) had a milky color when freshly harvested, and had the usual
S. subterranea gall structure (blackberry or raspberry-like structure). On the other hand,
the galls developing on hairy nightshade in the field (Figure 3) were light tan in color and
had a round, smooth and bulkier structure then the galls on potato. The S. subterranea
galls developing on hairy nightshade in the growth chamber (Figure 4) were somewhat
elongated, relatively smooth, and dark tan to brown (necrotic) in color when freshly
harvested.
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Discussion

The results of the present study supported the hypothesis that the galls observed
on roots of hairy nightshade plants in commercial potato fields were the outcome of
infection by Spongospora subterranea f.sp. subterranea (S. subterranea.). The results
indicated that S. subterranea can infect and complete its life cycle on hairy nightshade
and produce a new generation of sporeballs that are infectious on both potato and hairy
nightshade.

The results of the artificial inoculations indicated that potato derived inoculum
had a greater pathogenicity than hairy nightshade derived inoculum on potato, but not on
hairy nightshade. However, the pathogenicity of potato derived inoculum was similar on
both hosts; and also the pathogenicity of hairy nightshade inoculum was similar on both
hosts. This indicated that S. subterranea could be transmitted to potatoes regardless of the
source of inoculum. Therefore, the elimination of hairy nightshade from potato fields is
highly desirable as a strategy for preventing S. subterranea inoculum buildup.

The limited production of sporeballs on hairy nightshade could explain the low
frequencies of root galls that developed on potato plants artificially inoculated with hairy
nightshade inoculum compared to potato inoculum. The limited production of sporeballs,
regardless of the source of inoculum, may indicate the presence of unknown resistance
factors in this host, or that the pathogen is in the process of adapting, overcoming this
putative resistance. S. subterranea can infect a variety of plant species, other than potato,
producing zoosporangia and root galls (Qu and Christ, 2006). However, knowledge of the
production of root galls containing sporeballs was limited to yellow mustard (Brassica
campestris L.), oat (Avena sative L.), and tomato (Lycopersicon esculentum Mill.) (Qu
and Christ, 2006). Information is lacking regarding production of sporeballs on these
three plant species under cropping systems or in vitro, and their ability to re-infect potato.

The S. subterranea specific PCR confirmed the presence of the pathogen in 34 of
40 root samples that were visually recorded with galls. Only 1 of 40 root samples was
visually recorded to have galls, but was not confirmed as such by PCR. This outcome
indicated that the root galls on hairy nightshade were distinct from healthy roots and
could be correctly identified visually. Five of the 40 root samples testing positive for S.
subterranea using PCR were visually asymptomatic, lacking galls. This phenomenon has
been previously recorded by Qu and Christ (2006); and recently, Van de Graff et al.
(2007) reported that potato plants of the cultivar Estima, which were inoculated with a
range of sporeballs concentrations, were infected, but root galls did not develop.

In the present study 44% of the hairy nightshade plants that were artificially
inoculated with potato or hairy nightshade derived S. subterranea inocula developed root
galls. Additionally, 31% of the hairy nightshade plants that were artificially inoculated
with hairy nightshade derived inoculum developed root galls. This is a very important
agronomic observation as each of these plants had numerous galls, which contained as
much as 93 sporeballs per gram (Table 3). Potato fields in the Columbia Basin of
Washington State range from 32 to 81 hectares. Since hairy nightshade is a common
weed, each field may contain many hairy nightshade plants producing large quantities of
S. subterranea sporeballs. The findings of the present study indicated that hairy
nightshade has the potential to sustain viable S. subterranea inoculum in the absence of
potato, providing an inoculum source, which can be infectious and damaging to potato.
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Table 1. Contingency table summarizing the outcomes of five growth chamber trials, which tested
the relationship between numbers of potato or hairy nightshade plants with root galls and the
source of Spongospora subterranea inoculum.

Proportion (%) of plants with galls on roots on

Source of inoculum the roots
Potato Hairy nightshade pa
Potato - 2 0.08
Hairy nightshade 5 A o1
P 0.0005 0.2

Capital letters represent statistical differences within each column. Lower-case letters represent statistical
differences within each row. ® Statistical significance probabilities within row; ° Statistical significance
probabilities within column.

Table 3. Mean gall weight and number of sporeballs per root gall on potato and hairy nightshade
plants that were artificially inoculated with inoculum from potato tuber lesions and grown in the
growth chamber, or collected from the field °,

Mean root galls weight (q) Number of sporebballs (sporeballs/qg)

Host
Art|f|(:|aIIyC|nocuIated Field cgllected Artlflmally Field collected
inoculated
Potato 0.004 a 0.003 a 1522 a 1775 a
Hairy nightshade 0.003 a 0.003 a 93 b 76 Db

Different lower case letters within a column represent statistically significant differences (P<0.05)
between potato and hairy nightshade.

2009 Proceedings of the Washington State Potato Conference 109



Table 2. Visual and PCR assessments for the presence or absence of Spongospora subterranea in the roots of potato and hairy nightshade (HNS)

Sample * Host Source of inoculum ° Visual assessment ¢ PCR assessment ©
1 HNS HNS + +
2 HNS HNS + +
3 HNS HNS + +
4 HNS HNS + +
5 HNS HNS - -
6 HNS Potato + +
7 HNS Potato + +
8 HNS Potato + +
9 HNS Potato + +
10 HNS Potato + +
11 HNS Potato + +
12 HNS Potato - +
13 HNS Potato + +
14 HNS Potato + +
15 HNS Potato + +
16 HNS Potato + +
17 HNS Potato - +
18 HNS Potato + +
19 Potato HNS + -

20 Potato HNS - -
21 Potato HNS - -
22 Potato HNS - -
23 Potato HNS - -
24 Potato HNS - +
25 Potato HNS - -
26 Potato HNS - -
27 Potato HNS - +
28 Potato HNS - -
29 Potato HNS - -
30 Potato Potato + +
31 Potato Potato + +
32 Potato Potato + +
33 Potato Potato + +
34 Potato Potato + +
35 Potato Potato - +
36 Potato Field + +
37 HNS Field + +
38 Potato Potato + +
39 HNS Healthy root - -
40 Potato Healthy root - -

#Samples 1 through 35 were artificially inoculated and grown at 15°C in a growth chamber. Sample 36 was a powdery scab lesion from an infected
tuber. Sample 37 were root gall-like structures from field grown hairy nightshade (HNS) plants. Sample 38 was a powdery scab root gall used as
positive control. Samples 39 and 40 were roots of disease free HNS plants grown from true seed of HNS, and of potato plants grown in tissue
cultures. ®HNS = hairy nightshade; potato = plants of the cultivars Shepody, Umatilla Russet or Russet Burbank. ¢ HNS inoculum from field
collected root gall-like structures. Potato inoculum from powdery scab lesions from field grown potato tubers. ¢ Visual assessment: (+) and (-)
indicate the presence or absence of root galls, or root gall-like structures, respectively. ® PCR assessment: (+) and (-) indicate that the expected band
was present or absent, respectively, after agarose gel electrophoresis.
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Figure 1. Galls on roots of a potato plant (cultivar not recorded) grown in a commercial field where
populations of S. subterranea were high. Photograph courtesy of Dr. Dennis Johnson, Dept. of Plant
Pathology,Washington State University, Pullman.

Figure 2. Galls on roots of a potato plant (cultivar Russet Burbank) that was artificially inoculated with
Spongospora subterranea sporeballs from potato.
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Figure 3. Galls on roots of hairy nightshade grown in a commercial field where populations of
Spongospora subterranea were high.

Figure 4. Galls on roots of a hairy nightshade plant that was artificially inoculated with Spongospora
subterranea sporeballs from potato.
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Co-Inoculations of Potato Plants with Spongospora subterranea (Powdery
Scab), Pratylenchus penetrans (Root-Lesion Nematode) and Meloidogyne
chitwoodi (Columbia Root-Knot Nematode)

Nadav Nitzan, Neusa Guera, Ekaterini Riga and Chuck Brown
First and fourth authors: USDA-ARS, Prosser, WA 99350. Second and third authors:
Washington State University, IAREC, Prosser, WA 99350

Introduction

Spongospora subterranea (Wallr.) Lagerh f. sp. subterranea is a major concern for potato
production in the Columbia Basin of central Washington and north-central Oregon (Nitzan et al.
2008). The pathogen is an obligate parasitic protozoan that causes powdery scab on potato tubers
(Alexopoulos 1996, Braselton 1995, Braselton 2001), and develops galls on the roots and stolons
of the plants (Harrison 1997, Fallon 1995, Fallon 1996, Merz et al 2000). The disease on the
tubers causes powdery scab lesions that impair appearance and reduce tuber quality (Harrison
1997, Fallon 1995, Fallon 1996, Merz et al 2000). Infection of the roots may cause young plants
to wilt and die (Lawrence & Mckenzie, 1981), and was suggested to disturb nutrient and water
uptake, affecting photosynthetic translocation to the forming tubers, reducing yields in weight
(Fallon 1996).

The Columbia root-knot nematode Meloidogyne chitwoodi Golden et al. is a serious pest
of potato in the USA, and it is prevalent in the Pacific Northwest (Brodie et al 1993;
MacGuidwin 2008). Meloidogyne chitwoodi is a sedentary endoparasite in which the female
remains permanently attached to the root and tuber tissues at the feeding site once feeding is
initiated. Plants infected with the nematode may demonstrate poor shoot growth, foliar chlorosis,
small tubers and internal tuber browning. Roots invaded by the pest demonstrate galls at the
feeding sites, and tubers demonstrate sub-epidermal swellings (bumps) and discoloration of the
flesh (Brodie et al 1993; MacGuidwin 2008). The damage caused to tubers is unacceptable by
the fresh market and the French-fry processing industries, resulting in price reduction penalties
or rejection of harvested tubers (Brown et al. 1991).

The root lesion nematode Pratylenchus penetrans is a cosmopolitan plant parasitic
nematode. In potatoes, lesion nematodes interact with the fungus Verticillium dahliae (Kleb.)
causing potato early dying syndrome (Brodie et al 1993; MacGuidwin 2008). This nematode is a
migratory endoparasite that inhabits the roots, but can move freely between roots and soil.
Symptoms associated with this lesion nematode are mild discoloration to necrosis on the entire
root system, stunting, delayed canopy closure, reduction of foliar growth and reduction in tuber
yield and quality (Brodie et al 1993; MacGuidwin 2008).

The potato cultivars that are the most extensively grown in the Pacific Northwest are
Russet potatoes (Schreiber 2006), which are relatively resistant to tuber infection by S.
subterranea (Nitzan et al 2008). However, their roots can become severely infected by S.
subterranean during the growing season demonstrating abundant root galls (Nitzan et al 2008).
Potatoes grown in the Columbia Basin of Washington State in fields with a history of S.
subterranea, had reduced numbers of large (>280 g) tubers needed for processing, resulting in
the reduction of the useable potato yield. In addition, processing cultivars such as Russet
Burbank are no longer commercially produced in fields where high severities of S. subterranea
root galls occur annually (Nitzan et al. 2008). The potato industry of Washington State is
concerned with damage to roots caused by S. subterranea and its potential to reduce yield weight
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in tonnage, and affect tuber size and quality. To broaden our knowledge regarding factors that
trigger S. subterranean damage to potato, the present study tested the hypothesis that S.
subterranea can synergistically interact with the root-lesion nematode Pratylenchus penetrans,
and/or the root-knot nematode Meloidogyne chitwoodi and reduce potato health.

Materials and Methods

The hypothesis was tested separately for each nematode species in two repeated trials.
Co-inoculations with both nematodes were not carried out. The susceptible industry standard
cultivar Russet Burbank was used in all trials (Nitzan et al. 2008). The experiments were
arranged in a completely randomized design with five replications per treatment, which were as
follows: 1) S. subterranea + P. penetrans, or M. chitwoodi; 2) S. subterranea alone; 3) P.
penetrans, or M. chitwoodi alone; and 4) non-inoculated control plants. The trials were
conducted in a controlled environment growth chamber with the soil kept at a temperature of
15°C, and the plants were exposed to continuous fluorescent light. The plants were irrigated
every second day and the soil was kept moist to promote S. subterranea infection. A soil mixture
composed of 84% sand, 10% silt, and 6% clay that was previously treated with methyl bromide
(0.3 kg/m’) was used (Brown et. al 2006). This soil mix had a similar composition as the
majority of the soils found in commercial potato fields in the Columbia Basin. The pots used in
the trials were 0.5 liter in volume and filled with 643g of moist soil mix. Each pot received 2
grams of Osmocot® (18-6-12 N-P-K; Scotts®) at planting, and no additional fertilizer was added
during the trials.

Potato plants of the cultivar Russet Burbank were propagated from disease-free nuclear
tubers that were produced from tissue cultured plants. When the plants reached a height of
approximately 20 cm the stems were cut into segments and were dipped in a rooting hormone.
The stem cuttings were transferred into new flats in cells filled with Sun Shine potting mix #1.
These stem cuttings were incubated in room temperature (21-25°C) under fluorescent light for
two weeks to allow root development, and were then moved to the greenhouse for two more
weeks to harden before used.

Inoculum of S. subterranea was prepared from field grown infected potato tubers that
were washed in warm water with soap and surface dried at room temperature. The infected
epidermis was peeled and the peels were surface sterilized in 10% bleach for 20 min. and washed
well in tap water. The peels were dried at room temperature and macerated into a fine powder
using a coffee grinder. The inoculum was stored at 15°C until used.

Inoculum of P. penetrans was prepared by extraction of nematodes from roots of mint
plants maintained at the greenhouse of Washington State University, IAREC, Prosser, WA.
Infested mint roots were washed well with tap water and were cut into 5 cm long sections. Then
they were placed in a plastic bag, partially covered in tap water, and incubated at room
temperature (21-25°) for 7 days. Following incubation, additional water was added to the plastic
bag, and the bag was shaken by hand. The content was filtered through a 35 mesh screen nested
over a 400 mesh screen and the nematodes were collected into flasks. Inoculum of M. chitwoodi
(race 1) was prepared from cultures maintained on tomato (Lycopersicum escelantum L.) at the
greenhouse of Washington State University, IAREC, Prosser, WA (Riga et al 2008). The roots
were washed well and surface sterilized with 10% bleach for 10 min. Then, the roots were
shaken for 10 min. in 100 ml of water to extract the eggs. The egg solution was filtered through a
35 mesh screen nested over a 400 mesh screen, and the eggs were collected in flasks. All
nematodes and eggs were quantified per 1 mL of water with the aid of a StereoZoom®?7
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microscope (Bausch & Lomb, zoom range 1.0x — 7.0x, Boyle Instruments, P.O. Box 574, Gig
Harbor, WA 98335, 206-858-8155).

Table 1 summarizes the planting, inoculations and harvesting dates of the trials. The
potato plants were inoculated with 0.01 g of S. subterranea inoculum that was thoroughly mixed
in the soil at planting. Immediately afterwards the plants were watered to field capacity and
moved to the growth chamber. The nematodes were added two weeks later to the assigned
replications at a concentration of 2 larvae or eggs per 1 g of soil, for P. penetrans and M.
chitwoodi, respectively. The two weeks delay was carried out in order to synchronize the
infection of the roots with S. subterranea and the nematodes. Two weeks is the typical time it
takes the zoospores of S. subterranea to germinate from the sporosori and infect the roots under
optimal conditions (Merz et al 2004). Since S. subterranea is an obligate parasite and can not be
recovered into a pure culture, and since the source of its inoculum was from field grown potato
tubers, the plants were treated during the duration of the trials with azoxystrobin (Quadris,
Syngenta Crop Protection) according to the label to control certain seed-borne pathogens that
could have been present on the surface of the potato tubers during the preparation of the
inoculum.

Disease measurements were recorded immediately after harvest. The entire volume of the
soil from each replication/pot was separated from the plants and collected in plastic bags and
stored at 15°C. The roots were washed in tap water to remove soil deposits, and were
immediately blotted with a linen towel to remove excess water and weighed for fresh root
weight. The severity of S. subterranea root galls was quantified using a semi-quantitative scale
of 0 to 8, where 0 = no galls, 2 = 1 gall, 4 = 3 galls, 6 = 10 galls, 8 2 10 galls (Merz et al. 2004).
Root rot severity was scored using a 0 to 3 visual scale, where: 0 = no rot, 1 = low (yellow to
30% of the root with light brownish root discoloration), 2 = medium (light brown to 30% of the
root with dark brown discoloration), 3 = high (more than 50% of the root with dark brown
discoloration).

Immediately after scoring disease, the roots were wrapped in moist paper towel to
prevent them from drying, and placed in plastic bags in 4°C and were assessed for nematode
colonization. Pratylenchus penetrans was extracted from roots by placing the roots in plastic
bags, partially covered in tap water, and incubating at room temperature (21-25°) for 7 days.
Following incubation, the bag was shaken and the content was filtered through a 35 mesh sieve
onto a 400 mesh sieve on which the nematodes were collected. P. penetrans was extracted from
soil using the sugar flotation technique (Jenkins 1964). Meloidogyne chitwoodi was evaluated by
staining the roots with acid fuchsin using the technique described by Byrd et al. (1983). Root
colonization was expressed as numbers of P. penetrans larvae, or M. chitwoodi females and 2™
stage juveniles per 1 g of fresh root weight. Pratylenchus penetrans in the soil was expressed as
total number of larvae per pot.

Data were analyzed in SAS (SAS Institute, Carry, NC) using the general linear models
procedure (Proc GLM) at a 5% significance level. The trials represented a randomized complete
design and the statistical model used was response = trial + treatment + trial*treatment. Trial and
treatment were analyzed as fixed effects, and the responses of interest were (i) root galls severity,
(1) root rot severity, (iii) fresh and dry root weights, and (iv) nematode colonization of root and
soil. In the lack of interaction between trial and treatment the data of the trials were analyzed
jointly. The severity of S. subterranea root galls and the severity of root rot were recorded on a
category bases and were analyzed non-parametrically as ordinal data using the Kruskal-Wallis
analysis of variance by ranks (Zar, 1996). Fresh and dry root weights and nematode colonization
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were analyzed as continuous data, and in the lack of a normal distribution transformations were
carried out with Log (response + 1). If normality was not achieved by transformation, the data
was analyzed non-parametrically using the Kruskal-Wallis analysis of variance by ranks.

Results and Discussion

The majority of the potato cultivars grown in the Columbia Basin of Washington State
and North-Central Oregon have russet skin (Schreiber 2006). These cultivars usually are not
susceptible to tuber infection by Spongospora subterranea; however, their roots can become
severely infected demonstrating high numbers of root galls (Nitzan et al. 2008). Therefore, this
study focused on root infection. The co-inoculation with Pratylenchus penetrans and with
Meloidogyne chitwoodi did not significantly (P>0.05) increase the number of S. subterranea
galls on the roots (Tables 2 & 3). In addition, fresh and dry root weights were not reduced by the
co-inoculations and did not differ (P>0.05) from the non-inoculated control plants (Tables 2 &
3). However, root rot severity was increased in the presence of S. subterranea regardless of the
presence or absence of either nematode species (Table 4 and Fig. 1). Recording root rot due to S.
subterranea supported the previous report by Eraslan and Turhan (1989), indicating that this
pathogen can affect potato health by increasing root rot, which is usually associated with
reduction of yield.

The colonization of roots or soil by P. penetrans, and of roots by M. chitwoodi was not
significantly (P>0.05) increased in the presence of S. subterranea (Tables 2 & 3). Nevertheless,
there was approximately a two-fold reduction in the numbers of P. penetrans larvae in the roots
and the soil in the presence of S. subterranea (Table 2), suggesting a possible antagonistic
relationship. Furthermore, in the presence of S. subterranea there was a two-fold increase in the
numbers of 2™ stage juveniles of M. chitwoodi in the roots (Table 3). Synergistic interactions
between plant pathogens and nematode pests causing disease complexes have been reported
before in potato. For example, Ralstonia solanacearum bacterial wilt tends to be more severe in
the presence of the southern root knot nematode Meloidogyne incognita than in its absence
(MacGuidwin 2008). Possibly, the most well-known complex is the synergistic interaction
between V. dahliae and P. penetrans, which enhances potato early dying (Martin 1982). The
results of the present study suggested a possible interaction between S. subterranea and M.
chitwoodi, or P. penetrans. However, unlike the two interactions mentioned above, the results
did not point towards a disease complex that affected potato health. Yet, the trend towards a two-
fold increase in the number of M. chitwoodi juveniles that was recorded should not be
overlooked, as it could have economic importance under commercial potato production.
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Fundamental and Novel Methods of Silver Scurf Control in Storage

Nora Olsen, Jeff Miller, Phil Hamm and Lynn Woodell

Although not a disease that causes the tuber to actually rot, silver scurf, caused by the
fungus Helminthosporium solani, causes grey to silvery blotches on the surface of the tuber.
There is no internal damage with infection by the silver scurf fungus but the affected skin has a
silvery sheen, appears thicker, and can be unappealing to the consumer on fresh marketed
potatoes and can also cause problems on processed potatoes. This disease actually has two
distinct phases. One phase occurs while the tubers are still in the field and results in infected
areas that are generally on or near the stem end of the tuber called “primary lesions.” Probably
more important from a cosmetic standpoint are the “secondary lesions” that result from conidia
from primary infections that spread through the ventilation system while the tubers are in the
storage facility. Secondary lesions occur anywhere on the tuber and can be so numerous as to
cover virtually the entire surface of the tuber. Secondary spread may be greater under warm and
moist conditions (eg. condensation) in storage. In storage, these infected tubers lose water at a
greater rate compared to healthy tubers due to the disruption made in the periderm by the
pathogen. The infected skin can also produce thickened areas making it more difficult to peel for
processed potatoes.

Since there are two components or phases to silver scurf infection, the field or primary
infection component and the storage or secondary component, managing silver scurf requires an
integrated approach combining both field and storage tactics. Additional information on this
integrated method for control can be found at:

http://extension.oregonstate.edu/catalog/pdf/pnw/pnw596.pdf.

The following list includes a few suggestions to help reduce silver scurf:

Plant seed with a low level or preferably no incidence of silver scurf

Use effective seed treatments

Clean and disinfect storages

Harvest tubers as soon as skins have set; avoid delays in harvest after vine kill

Store at the lowest temperature possible for the end-use of your crop

Lower storage humidity can reduce spread but it will equate to greater shrink in storage
Apply an effective post-harvest product

NogakrowhE

Reliance on one method alone will not be effective and in some situations the use of all these
practices may not provide adequate control, particularly in smooth skin cultivars. This article
will focus on recent research related to post-harvest product applications to minimize silver scurf
in storage.

Volume of post-harvest spray application

Although research has been performed looking at post-harvest products applied to the potatoes
while in storage either via the humidification system or thermal applications, most of the
research presented in this article was evaluated using a spray application going into storage. Our
research based information recommends no more than 0.50 gallon of aqueous product/ ton of
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potatoes (Figure 1). That converts to less than half a cup (3.2 ounces) of liquid per
hundredweight (cwt). In order to maximize the usefulness of a post-harvest product, careful
application of the rate and volume applied is necessary. Applying less than 0.5 gal/ton of
potatoes may result in incomplete coverage and applying greater than 0.5 gal/ton of potatoes may
add too much free moisture to the surface of the potato. Stewardship of application may take
more time and effort, but the consistency of disease control will be greater.

Application of post-harvest products

The currently registered post-harvest products for control of silver scurf appear to have limited
efficacy on controlling the disease in storage. Thiabendazole (Mertect 340-F) can be used for
silver scurf suppression in storage but this postharvest application is no longer recommended due
to fungicide resistance. Additional products are available although research has shown limited or
no efficacy for the following products:

» General biocides such as ozone, hydrogen peroxide/peroxyacetic acid mixtures, and
chlorine dioxide (spray application and in-storage application)

» Biological products such as Bacillus subtillus (Serenade) and Pseudomonas syringae
(BioSave 10 LP)

* Clove oil (Biox C; thermally applied)

Research over the last 8 years has shown that azoxystrobin sprayed on potatoes prior to storage
can be effective in reducing spread of silver scurf in storage (Table 1). Azoxystrobin is NOT
CURRENTLY REGISTERED but registration is being pursued by Syngenta for the near future.
Once registered this product will be a good tool to add to the silver scurf control toolbox. A
resistance management plan, likely to include using a mixture of effective products including
azoxystrobin will be established since this product is also utilized in controlling foliar diseases in
the field.

Phosphorous Acid

For the past several years the potato industry has been fortunate to have access to a highly
effective post-harvest material to control pink rot and late blight in storage. This material is
called phosphorous acid or is also known as phosphite, phosphonate or salts of phosphorous acid.
Several products are available to the potato industry that contain this active ingredient. Research
results in the Pacific Northwest have been obtained using Crop-phite, Fosphite, Phostrol and
Resist 57. Multiple studies over many years comparing several potato varieties have shown
highly effective control of pink rot and late blight when phosphorous acid is applied at the 12.8 fl
oz/ton as a post-harvest spray application prior to storage (Table 2). Tubers that have symptoms
of late blight and pink rot coming out of the field can contaminate healthy tubers during the
harvest operation. This post-harvest application works to help keep the healthy tubers from
becoming infected.

For three years studies were conducted to evaluate the efficacy of phosphorous acid on the
control of Helminthosporium solani (silver scurf) on naturally infected ‘Russet Norkotah’ tubers
in storage. Tubers were treated after harvest, prior to storage, and treatments included
phosphorous acid (12.8 fl. oz/ton), other potential post-harvest products, and an untreated control
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that was treated with water only. All treatments were applied in a volume of 0.5gal/ton of tubers
as a low pressure spray. Tubers were evaluated for disease after 3 and 6 months in storage at
95%RH and 48°F (years 1 and 2) or 42°F (year 3).

In the first year under low disease pressure, the incidence of silver scurf was significantly
reduced with phosphorous acid compared to the untreated control after 6 months in storage
(Table 3). Disease pressure was relatively high in the second year and phosphorous acid treated
tubers had significantly lower silver scurf incidence after 3 months (5%) compared to the control
(67%; data not shown). The same level of control was not achieved after 6 months (Table 3). In
the third year of the study, there was no significant reduction in silver scurf by 6 months (Table
2) between the control and phosphorous acid treated tubers, although significant differences were
apparent after 3 months in storage. Four additional separate research trials in the third year with
two potato varieties showed similar results to the previous years’ data. Significant reductions in
total silver scurf incidence ranged from 17 to 42% with phosphorous acid treatments compared
to the untreated control. In some years, phosphorous acid was compared to Thiabendazole (TBZ
or Mertect) which is still registered for post-harvest use although there is limited use due to
disease resistance issues. In comparison, phosphorous acid was consistently more effective than
TBZ (Table 3). This research indicated greater consistency in phosphorous acid control of silver
scurf when applied at the 12.8 fl. oz/ton rate.

Additional studies looked at the potential of phosphorous acid as a seed treatment. Seed treated
with phosphorous acid showed delayed emergence and silver scurf was not controlled on the
daughter tubers. The lack of disease control and the potential for crop damage indicate that at
this time phosphorous acid should not be used as a seed piece treatment for silver scurf control.

These studies show that phosphorous acid use will suppress silver scurf in storage. Additional
studies to evaluate application methodology and to better understand why phosphorous acid is
effective against silver scurf are needed to fully maximize the potential use of the product. In
addition, studies evaluating application of phosphorous acid products after potatoes are in
storage are currently in development. Post storage applications may be important particularly if
potatoes are to be stored for 6 months or longer given the reduced long-term control by
phosphorous acid when applied following harvest but pre-storage. Phosphorous acid should not
be thermally applied. Fortunately the potato industry may now have a multi-purpose post-harvest
tool that is effective against late blight and pink rot and potentially silver scurf.

Clove ail

One of the newcomers to the potato sprout control sector of the industry is clove oil. The mode
of action of clove oil is completely different from CIPC by physically damaging the sensitive
sprouting tissue. Clove oil is distilled directly from the evergreen plant Syzygium aromaticum
(L.). The plant is native to Indonesia but is now grown in several other countries such as
Madagascar and Brazil. The active ingredient of clove oil is eugenol and other eugenol-based
components in the distillate product. The products used in the potato industry are 100% naturally
derived clove oil and are approved for organic use. Due to the chemistry and volatility of clove
oil it can be applied with a thermal applicator and distributed throughout the storage similar to
applications of CIPC. This mode of application makes it ideal to apply to potentially control
silver scurf development in storage. Research has indicated that clove oil (Biox C) has some
suppressive action against silver scurf when applied repeatedly in storage as a thermal fog (Table
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4). The incidence of silver scurf was reduced by approximately 40% when nine applications
were made throughout the storage season. The limited level of control may not warrant the use of
clove oil solely for the purpose to control silver scurf in storage.

Conclusions

Managing silver scurf requires an integrated approach that uses all management tools available
to a grower. Buying clean seed, treating with an effective seed treatment, cleaning and
disinfecting storages and applying an effective post-harvest treatment are effective tools. Using
these tools and others in an integrated manner will help growers minimize the effects of silver
scurf of their stored crop.
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Table 1. Effectiveness of post-harvest fungicide applications on silver scurf incidence after 3 and
6 months in storage. All products were applied in an aqueous volume of 0.5 gal/ton of potatoes.
Values in the same column followed by the same letters are not significantly different from each
other at p=0.05.

Treatment (rate) % Incidence’
Untreated 26 abc
Mertect (0.42 fl. 0z) 24 abc
Ozone (hooded tunnel)? 54 a
Oxidate (1:50 dilution) 34b
Messenger (2 0z) 36 ab
Aluminum Chloride (0.2 M) 10 bc
Serenade WPO (0.1 Ib) 9 bc
Potassium sorbate (0.2 M) 6 bc
Azoxystrobin (0.6 fl. 0z) lc

! percentage of tubers with silver scurf symptoms.
2500 ppm applied for 30 seconds in an enclosed tunnel.

Table 2. Effect of post harvest applications of phosphorous acid and hydrogen
peroxide/peroxyacetic acid (HPPA) on percent potato tuber rot* after 77 days (approximately 2.5
months) in storage (48°F) in a 1-ton bin. Values in the same column followed by the same letters
are not significantly different from each other at p=0.05.

Treatment Rate/ton tubers Late blight (%) Pink rot (%)
Untreated control 90 a 61 a
HPPA 1:25 dilution 84 a 73 a
Phosphorous acid 1.6 fl oz (1:40 dilution) 26 b 32b
Phosphorous acid 3.2 fl oz (1:20 dilution) 14 bc 10b
Phosphorous acid 12.8 fl oz (1:5 dilution) Oc Oc

Tubers with typical disease symptoms or showing symptoms of secondary soft rot were counted
as rotted tubers.
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Table 3. Efficacy of post-harvest fungicides on the incidence of silver scurf on potato cv.
Russet Norkotah following 6 months in storage at Kimberly, Idaho. Values in the same
column followed by the same letter are not significantly different from each other at p=
0.05.

Treatment (rate) Incidence (%)
Year 1 Year 2 Year 3
Untreated Control 18Db 69 a 15a
Phosphorous acid (12.8 fl 0z/ ton) Oc 37b 5a
TBZ (Mertect; 0.42 fl oz/ton) 38a 47 b NA

Table 4. Silver scurf disease severity and incidence after nine months of storage and nine
Biox C applications. Values in the same column followed by the same letter are not
significantly different from each other at p= 0.05.

Treatment (rate) - .Sllver scurt -
Severity rating** Incidence (%)
Untreated Control 3.3a 97 a
Clove oil 67 ppm 2.6 bc 77hb
Clove oil 134 ppm 2.2 cd 60 c

**Disease severity rating based on a scale of 1-4: 1=no infection, 2=slight infection,
3=moderate, 4=heavy infection

Dry tuber ~ 0.25gal/T 0.5¢gal /T 1.0 gal/T 2.0 gal/T

Figure 1. Post-harvest spray application volumes. The desired volume of a spray
application is 0.5 gal/ton of potatoes.
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TO APPLY OR NOT? THE ECONOMICS BEHIND IN-SEASON NITROGEN
AND POTATO PRODUCTION
M.J. Pavek, Z.J. Holden, and C.D Hiles

Department of Horticulture and Landscape Architecture, Washington State University,
Pullman, Washington, 99164-6414, USA

INTRODUCTION
In September 2008, the price of nitrogen (N) fertilizer was approximately three-times
more expensive than two years prior. A combination of higher fuel costs and an increase
in global demand for petroleum and fertilizer challenged grower profits. In 2007
Columbia Basin potato growers were spending nearly $50,000/pivot on fertilizer. This
increased to approximately $88,000/pivot in 2008. Because potatoes require large
quantities of N, P (Phosphorous), and K (Potassium), reducing fertilizer applications
appears, at first glance, to be a reasonable approach to reducing production costs.

When reducing fertilizer applications, one will most certainly reduce input costs;
however, it is also likely that potato yield and quality will be altered in some fashion. At
what point does a fertilizer reduction limit profit potential due to negative effects on yield
and quality? Previous research with the cultivar ‘Alturas’ provides insight into this
question. During 2007-08, five rates of in-season N were applied to Alturas in an effort
to define the rate or rates that would maximize grower revenue. By utilizing data from
this research, we were able to determine the effects fertilizer and potato price changes
have on grower revenue and which in-season N rates would optimize economic return
following price changes.

MATERIALS AND METHODS
Potato yield and quality data from the study “Defining In-Season Nitrogen Needs for
Alturas and Premier Russet” by C.D. Hiles et al. (within this proceedings book) were
used in combination with constructed potato and fertilizer price changes to predict
adjusted gross income and associated in-season N rates that maximize grower revenue.
The in-season N study utilized rates that were below, at, or above typical rates applied to
Russet Burbank in the Columbia Basin of Washington. The five rates were 0%, 25%,
50%, 100%, and 150% of what might be typical for Russet Burbank during the season
(Table 1). Preplant N, P, K, and micronutrients were the same across all treatments; only
the in-season N was altered. Economic results were calculated using a mock french fry
processing contract for the Columbia Basin. The expense of UAN, Solution 32 between
$0.20/1b N and $1.00/lb N was included in an economic analysis along with potato prices
between $2.00/CWT and $10.00/CWT. More complete information on the field trial and
the yield and quality data can be obtained by reading the previously mentioned Hiles et
al. article within this proceedings book.

RESULTS

From the Hiles et al. study, it was determined that Alturas total yield peaked when
approximately 150% of typical Russet Burbank in-season N was applied (Figure 1). This
was equivalent to approximately 375 Ibs N in-season and 500 Ibs total season (Table 1).
However, fertilizer-price-adjusted gross income peaked at rates closer to 100% of what
might be typical in-season for Russet Burbank — even when considering fertilizer price
changes between $0.20 and $1.00 (Figure 2). This rate was equivalent of 230 Ibs N in-
season and 385 Ibs N total season (Table 1). The five individual curves within Figure 2
demonstrate what happens when the price of in-season N increases from $0.20/Ib to
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$1.00/1b between the 0% and 150% rates. At $1.00/lb, the profit-maxing N rate is around
96%. As N becomes cheaper ($0.20/Ib), the profit maxing N rate moves to
approximately 103% of the Russet Burbank typical. The peak income changed slightly
with fertilizer price changes (Figure 2), but the peak income level at all fertilizer prices
was within £3% of the 100% level. Despite a fertilizer price increase of 500% from
$0.20/1b to $1.00/1b, the fertilizer rate that optimizes income decreased by only 6%. N
applications beyond 103% entered the zone of diminishing returns; the extra N needed to
maximize yield was more expensive than the economic return coming from the yield
increase with the >100% in-season N application. This confirms the well known concept
that maximum biological yield and maximum economic yield are not always the same.

When potato prices change, the in-season N rate that provides the maximum
economic yield also changes (Figure 3). In addition, as potatoes become more valuable
($10.00/CWT vs $2.00/CWT), the grower’s bottom line is less affected by changes in
input (N fertilizer) prices (Figure 3). When the price of potatoes is a constant $7/CWT, it
IS easy to visualize how the profit maxing N rate shifts as the fertilizer’s price increases
(Figure 4). When the price in-season N increases by 100% (from $0.40/1b to $0.80/1b),
the optimum in-season N rate was reduced by 6% (Figure 4)

DISCUSSION

When input costs increase, the natural tendency is to reduce input applications as
well as increase the efficiency surrounding the inputs. As the price of in-season N
increases, the rate growers apply should be reduced slightly to optimize income - WITH
THE EXCEPTION that the grower has already been applying the optimum rate. Herein
lies the problem; how do you know the rate you were applying was the most
economically feasible to start with? Even if the rate you have been applying provides
profit, is the profit being maximized? Could you apply a bit more, or less, and reap a
higher net return? It’s possible.

To optimize revenue, growers should utilize all available crop management
information coming from extension bulletins, extension personnel, consultants,
professional agronomists, on-farm strip trials, updates at conferences and field days, and
so on. Once growers find fertility levels that provide profit, we recommend they stick to
them, regardless of fertilizer price increases. There are of course exceptions, like a
$5.00/Ib N price increase, or similar. For standard yearly jumps, even a 100% price
increase, growers are better off bargaining with buyers for higher potato prices than
playing the fertilizer version of Russian roulette.

As input costs increase, growers should do their best to optimize application and
rate efficiency by using soil and petiole tests, avoiding nutrient losses via leaching and
volatilization, accurately calibrating and maintaining application equipment, and reducing
the use of unproven, “feel good” products commonly referred to as “Snake Oil”.

TAKE HOME MESSAGES: 1) don’t skimp on in-season N or other fertilizer at today’s
potato prices, even if the price of fertilizer doubles; 2) do your best to find the application
rate that provides the best economic return; 3) seek information updates routinely; and 4)
strive for efficiency in applications and in determining plants needs.

132 2009 Proceedings of the Washington State Potato Conference



Table 1. Preplant, in-season, and total season nitrogen for 2007 and associated in-season
N expense for five rates of in-season N applied to Alturas

Treatment Fertigated In-season N Total Total In-season N
as a % of Preplant N in-season From Phos in-season Season Fert expense
standard + soil resid. N applications N N (%0.80/Ib)

% Ibs/A

0 125 0 30 30 155 0
25 125 58 30 88 213 46
50 125 115 30 145 270 92
100 125 230 30 260 385 184
150 125 345 30 375 500 276

Figure 1. Alturas Total Yield, Combined Years: 2007-08
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Figure 2. Alturas Adjusted Gross Income Across Different
In-Season N Rates When UAN Solution 32 is priced at
$0.20, $0.40, $0.60, $0.80, and $1.00/Ib.
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Figure 3. Profit Maxing In-Season N Rates as Fertilizer Price
Increases from $0.10/Ib to $1.00/Ib and Potatoes
Increase in value from $2/CWT to $10/CWT
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Figure 4. Alturas Profit Maxing In-Season N Rates as Nitrogen
Fertilizer Prices Increase
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Management of Soil and Seed Sources of Rhizoctonia with Fungicides

Mike Thornton, University of Idaho, Parma, ID, Dennis Atkinson, Seminis
Vegetable Seeds, Payette, ID, Jeff Miller, Miller Research, Minidoka, ID, and
Phil Hamm, Oregon State University, Hermiston, OR

Rhizoctonia solani is endemic to most potato production regions and can affect
potato development over the entire course of the growing season. Symptoms associated
with Rhizoctonia stem canker include reddish brown to black, sunken lesions on
underground plant tissues. These lesions can girdle, or pinch-off stems, stolons and
roots. The fungus may also form black sclerotia on the surface of mature tubers and is
often referred to as “black scurf”. Black scurf can affect the marketability of fresh pack
potatoes and the quality of seed tubers if severe. It has been suggested that the most
economically damaging aspect of this disease is not due to yield loss. Rather, money is
lost due to a shift in the size profile, to more small tubers and fewer larger tubers, and
loss of quality.

Conditions that favor extensive disease development include cool, moist soils,
short potato rotations and high inoculum. Any condition that delays emergence or slows
plant development will increase the chance of a severe disease outbreak. In contrast,
anything that speeds up emergence or plant development, such as warm soil temperatures
and shallow planting depths, will decrease the impact of R. solani.

Infested soil and/or infected seed tubers provide inoculum for disease
development. The length of rotation between potato crops is thought to primarily
determine Rhizoctonia levels in soil, while the amount of scelerotia on seed determines
the level of seed inoculum. There is a fair amount of debate over the relative importance
of inoculum sources. Seed inoculum is thought to primarily determine early sprout and
stem infection levels, while soil inoculum is thought to primarily impact stolon infection
and development of black scurf. Inoculum source might also impact fungicide efficacy
as seed treatments would be expected to target seed inoculum more effectively compared
to in-furrow treatment. Conversely, in-furrow placement would provide a broader zone
of treatment for soil inoculum compared to seed treatment. This article summarizes
research from 2003-2005 in ID and OR that evaluated the relative importance of
inoculum source and fungicide placement on incidence of Rhizoctonia stem canker and
black scurf.

Role of Inoculum Source

Seed of several potato cultivars was evaluated at low (seed with no visible
sclerotia), medium (<10% black scurf), and high ( >10% black scurf) inoculum levels.
Prior to planting, the plots were inoculated with R. solani cultures at low, medium and
high rates. Each level of seed inoculum was planted in each level of soil inoculum.

Seed inoculum consistently impacted disease on both stems and stolons, while
soil inoculum only increased disease on stems when present at the highest levels (Figure
1). Furthermore, soil inoculum increased stem disease severity only when very clean
seed was planted, while seed inoculum was always important, regardless of soil inoculum
(Figure 2). This suggests that seed inoculum is more important than soil inoculum in
terms of stem and stolon canker development.
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Figure 1. Impact of Rhizoctonia inoculum source of stem and stolon disease
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Figure 2. Relationship between seed and soil inoculum sources on development of
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Seed and soil inoculum were important in determining the extent of development
of black scurf on daughter tubers (Figure 3). This indicates that both rotation length and
seed quality impact black scurf incidence.
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Figure 3. Relationship between seed and soil inoculum sources on incidence of
black scurf on tubers.
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Importance of Fungicide Placement

Field studies were conducted to compare the effectiveness of in-furrow fungicide
treatment against seed piece treatment for the control of Rhizoctonia stem canker and
black scurf. The effectiveness of each fungicide placement was evaluated for control of
both seed-borne and soil-borne R. solani inoculum. Quadris was used as the in-furrow
fungicide treatment and Maxim MZ was used as the seed piece treatment. A combination
of seed piece treatment with an in-furrow treatment was also evaluated.

All fungicide treatments had significantly lower stem and stolon disease ratings
than did the untreated control (Figure 4). Seed treatment with Maxim, and the
combination of seed treatment with in-furrow treatment tended to reduce stem and stolon
disease ratings more than in-furrow treatment alone. Black scurf ratings on daughter
tubers were also significantly reduced by fungicide applications compared to the
untreated control (Figure 5). Seed treatment and the combination treatment had lower
black scurf ratings than in-furrow treatment alone. While the combination of seed
treatment with in-furrow fungicide always has the lowest disease ratings, it was not
significantly lower than seed treatment alone.
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Figure 4. Impact of fungicide placement on Rhizoctonia stem and stolon disease
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Figure 5. Impact of fungicide placement of black scurf severity.
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In general, fungicide treatments caused the greatest reduction in disease levels on
stems and stolons when seed inoculum was moderate to high (Figure 6). In furrow
treatment was relatively more effective when inoculum was primarily from the soil
(Figure 7) compared to when seed was the primary inoculum. In contrast, seed treatment
and the combination tended to be effective regardless of inoculum source.

Figure 6. Impact of fungicide placement and seed inoculum level of Rhizoctonia
stem disease severity.
Rk £ 3

Universityofidaho |
#mmhnﬁﬂ.ﬂ.ﬂﬂ:ﬂm i 4 _lfbl:-.ﬁl

Seed Inoculum
HLow

Medium
B High

N\

When seed inoculum

) > . is high, seed treatment
4 R AS) and combinations
At low seed N 6« 0@ worked best
inoculum ®® (@)
fungicides have S
little impact Aberdeen 45 DAP 2004

Summary

Seed inoculum was always important in determining disease severity of stems,
stolons and tubers. Therefore, planting high quality seed with little or no visible black
scurf is one of the best ways to reduce damage due to Rhizoctonia. Only the high level of
soil inoculum consistently increased disease compared to fumigated soil, indicating that
in areas with shorter rotations, soil inoculum may influence disease incidence. Both seed
treatment and in-furrow fungicides provided disease control, regardless of inoculum
source. However, seed treatment and a combination of seed treatment with in-furrow
treatment provided more consistent disease control than in-furrow fungicide alone. In-
furrow fungicides provided the best control of black scurf when soil inoculum was high
while seed treatments provided the best control when seed inoculum was high.
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Figure 7. Impact of fungicide placement and soil inoculum level of

Rhizoctonia stem disease severity.
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Influence of soil-applied pesticides on potatoes

Mike Thornton, University of Idaho, Parma, ID, Jeff Miller, Miller Research, Minidoka,
ID, Pamela Hutchinson, University of Idaho, Aberdeen, ID and Juan Manual Alvarez,
University of Idaho, Aberdeen, ID

Many new pesticides have been registered for use in potatoes over the past few years.
Despite the fact that interactions among systemic pesticides are well documented in crops such
as soybean and corn (Hayes, et al. 1979, Waldrop and Banks, 1983), little effort has been made
to evaluate these interactions in potatoes. Previous studies have shown that systemic insecticides
such as Thimet® applied at planting can increase susceptibility of potatoes to damage by
herbicides such as Sencor® (Cranshaw and Thornton, 1988). Temik® has been shown to reduce
the populations of growth-promoting bacteria associated with potato roots (Sturz and Kimpinski,
1999), which in turn led to a reduction in plant growth and an increase in Rhizoctonia stem
canker (Scholte, 1987, Sturz and Kimpinski, 1999). Insect control can also be compromised as
Spartan® herbicide injury was shown to reduce the effectiveness of Admire® in controlling
Colorado potato beetle (Zollinger and Fitterer, 2000).

The cause of these interactions among systemic pesticides is unknown. In an attempt to shed
some light on this complicated issue studies were conducted at the University of Idaho Research
and Extension Centers located in Parma and Aberdeen between 2004 and 2006 using Russet
Burbank and Shepody potatoes.

Impact of soil-applied insecticides and fungicides on disease

Commonly used insecticides/nematicides were applied at the following rates in-furrow at
planting: Temik 15G® (20 Ibs/acre), Viydate C-LV® (8.4 pts/acre), Admire 2F® (16 oz/acre),
Platinum 2SC® (8 oz/acre), and Thimet 20G® (16.6 Ibs/acre). The idea was to set up a “worst
case scenario” by using maximum labeled rates and applying these products right onto or next to
the fresh cut seed pieces. To evaluate the potential for an interaction between products, all
insecticide treatments were applied with and without Amistar® fungicide in-furrow at planting at
a rate of 3.63 oz/acre.

Both Temik and Vydate occasionally increased the level of seed decay compared to the
non-treated control. However, final stands were not reduced and it appeared that the main
impact was on how quickly the seed piece rotted after plants had emerged.

The most consistent impact of soil-applied insecticides was on Rhizoctonia stem canker.
Averaged over the four site-years of this study, Temik increased Rhizoctonia by 69% compared
to the no insecticide control, while Thimet increased Rhizoctonia by 37% (Figure 1). In contrast,
Amistar fungicide applied in-furrow at planting reduced Rhizoctonia by 56% compared to the no
fungicide control. These results emphasize the importance of using fungicides to control
Rhizoctonia when carbamate or organophosphate insecticides are applied near the potato seed
piece at planting. The neonicotinoid insecticides (Admire, Platinum) did not appear to influence
Rhizoctonia severity.
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Figure 1. Influence of soil-applied insecticides and fungicides on Rhizoctonia stem canker
of Russet Burbank potatoes at two locations in Idaho during 2005 and 2006. Insecticide
means are averaged over two fungicide treatments and fungicide means are averaged over
5 insecticide treatments.
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Some of the non-target disease impacts of systemic pesticides were actually beneficial.
For example, in-furrow application of Amistar reduced stem infection by the fungus Verticillium
dahlia, one of the causes of early dying. The mechanism for the suppression of Verticillium by
Amistar is not known, but has been previously reported in other regions.

Foliar early blight symptoms were also significantly reduced by in-furrow applications of
Amistar. The reason for the reduction in early blight following in-furrow application of Amistar
is not clear. Plants treated with Amistar had lower levels of stem infection by Verticillium (as
reported above), and therefore may have had less senescent tissue that would be susceptible to
infection by Alternaria spores. Conversely, Amistar may be more upwardly systemic than
previously thought, and may be directly reducing infection.

None of the insecticides evaluated in this trial consistently impacted Verticillium, early
blight, white mold or black dot. Amistar also had no impact on white mold or black dot
incidence.

Impact of soil-applied insecticides and herbicides on plant injury and insect control

The same insecticide treatments outlined above were evaluated in combination with post-
plant/pre-emergence applications of Spartan herbicide (4oz/acre). Dual Magnum® and Prowl®
were applied to the entire trial area to keep all plots weed free.

Pre-emergence application of Spartan herbicide caused visual plant injury and stunting all
locations. Spartan treated plants exhibited nine-fold higher plant injury ratings than plants
treated with just Dual and Prowl (Figure 2). Plants treated with VVydate and Thimet also tended
to exhibit more plant injury than the non-insecticide control. The insecticide/herbicide
interaction was significant in one of the four site-years, indicating that in-furrow application of
Thimet may cause plants to be more susceptible to Spartan injury. These results emphasize the
role that carbamate and organophosphate insecticides can play in increasing plant susceptibility
to herbicide injury. The neonicotinoid insecticides (Admire, Platinum) and Temik did not appear
to influence herbicide injury (data not shown).
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A detached leaf assay was used to evaluate the interaction between systemic insecticides
and herbicides on survival of Colorado potato beetle (CPB) larvae and adults. Platinum and
Admire tended to provide better control of CPB larvae compared to the other treatments. There
was no evidence that herbicides influenced the level of insect control for early or late stage
larvae. However, there was a significant insecticide by herbicide interaction for CPB adult
mortality due to the fact that mortality was significantly increased for Admire, Platinum and
Vydate when Spartan herbicide was applied compared to when no Spartan was applied (Figure
3).

Figure 2. Influence of soil-applied insecticides and herbicides on visual injury ratings of
Russet Burbank potatoes at two locations in Idaho during 2005 and 2006. Insecticide
means are averaged over two herbicide treatments and herbicide means are averaged over
5 insecticide treatments.
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Figure 3. Interaction of insecticide with soil-applied herbicide on mortality of adult
Colorado potato beetle feeding on detached leaves of Russet Burbank potatoes at
Aberdeen, Idaho during 2006.
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Impact of soil-applied pesticides on yield and grade

Even though systemic pesticides significantly influenced disease development and crop
injury, there were relatively few differences in total tuber yield or grade (Table 1). It appeared
that in most cases the benefits provided by nematode and/or insect control outweighed the
impacts on disease development.

Vydate consistently decreased the percentage of US No.1 potatoes compared to the non-
treated control. The rate of VVydate applied in this trial (8.4 pints/acre) is much higher than the
rate most growers use for nematode control, so the grade impact may never be seen under field
conditions.

Amistar significantly increased the percentage of US No.1 potatoes compared to the no-
fungicide control in two of the four site-years. Rhizoctonia is known to impact tuber shape more
than total yield, and this response was probably due to the effectiveness of Amistar in controlling
this disease.

Despite the fact that Spartan significantly increased plant injury in all trials, it had only a
slight impact on total yield (<4% compared to the non-treated control) and no impact on tuber
grade. Potato plants appear to have the ability to tolerate plant injury due to herbicides,
especially early in the season when plants are rapidly growing.

Table 1. Influence of in-furrow insecticides, fungicides and pre-emergence herbicides on
total and marketable potato yield at two locations in Idaho during 2005 and 2006.

Treatment Total Yield | US# 1 (%)™
(cwt/acre)

Insecticide means*

Non-treated 530 73 a
Temik 532 68 ab
Vydate 518 64 b
Admire 533 69 ab
Platinum 538 70 ab
Thimet 532 69 ab
Fungicide means”’

Amistar 565 73 a
Non-treated 552 67 b

Herbicide means’
Spartan 495 69
Non-Spartan control 514 68
" Percentage by weight of tubers over 4 oz that meet US #1 grade standard.

* Insecticide means are averages of two fungicide treatments or two herbicide treatments over 8 trials.
Y Fungicide means are averages of 5 insecticide treatments over 4 trials.

?Herbicide means are averages of 5 insecticide treatments over 4 trials.

Means followed by different letters are significantly different (P>0.05) using Fischer’s protected LSD.
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Impact of placement

Previous research with soybeans has shown that placement of systemic pesticides relative to
the seed can influence crop injury (Waldrop and Banks, 1983). We evaluated placement of
Temik and a Vydate/Moncut tank mix for two years to see if the impacts on seed decay and
Rhizoctonia stem canker could be reduced by moving the pesticides away from direct contact
with the seed. Placing these pesticides above the seed tended to reduce the incidence of both
seed decay and Rhizoctonia compared to placement with the seed.

Summary

Carbamate and organophosphate insecticides (Temik, Thimet, and Vydate) tended to increase
seed decay and Rhizoctonia. These non-target disease impacts could be reduced by using an in-
furrow fungicide, or by moving the placement away from direct contact with the seed piece.
Thimet and Vydate also tended to increase crop injury due to herbicides, but herbicide injury did
not impact yield or insect control.

These results point out that caution should be exercised when tank mixing new pesticides,
especially ones that have not previously been evaluated on your farm. It is a good idea to do a
test first before applying anything to 100% of your crop.

ACKNOWLEDGEMENTS
Funding for this study was provided by the Idaho Potato Commission and the USDA Potato
Research Program.

Literature Cited:

Cranshaw, W.S. and M.K. Thornton. 1988. Effects of systemic insecticides on potato growth
and their interaction with metribuzin. Amer Potato J 65:535-541.

Hayes, R.M., K.V. Yeargan, W.W. Witt and H.G. Raney. 1979. Interaction of selected
insecticide-herbicide combinations on Soybeans (Glycine max). Weed Sci 27:51-54.

Scholte, K. 1987. The effect of crop rotation and grandular nematicides on the incidence of
Rhizoctonia solani in potato. Potato Res 30:187-199.

Sturz, A.V. and J. Kimpinski. 1999. Effects of fosthiazate and aldicarb on populations of plant-
growth promoting bacteria, root-lesion nematodes and bacteria-feeding nematodes in the root
zone of potatoes. Plant Pathology 48(1):26-32.

Waldrop, D.D. and P.A. Banks. 1983. Interactions of herbicides with insecticides in Soybeans
(Glycine max). Weed Sci 31:730-734.

Zollinger, R.K. and S.A Fitterer. 2000. Weed control in potato. Western Society of Weed
Science Progress Reports: 122.

2009 Proceedings of the Washington State Potato Conference 147



	VHebert WSPC 2008-2009 PROCEEDINGS.pdf
	Estimating Methyl Isothiocyanate Emission Rates Following Soil Incorporated Shank And Modified Center Pivot Chemigation Metam Sodium Applications




