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Powdery scab of potato, caused by the sail borme, plant endoparastic dime mold, Spongospara
subierranea, 15 am gor concemn for potato production in the Columbia Basn, Occurrence of powdery
scab in the Columbia B asin before 1981 was limited and sporadi ¢, whereas now the disease ocours at
high severities in many fid ds throughout the region. The pathogen is present in many potato producti on
regions worldwide. In fected seed tubers and contaminated soils are means of disseminating the
pathogen, and 5. subterranca also transmits the Potato map top virus that causes polato mop top.

Powdery scab symptom s are confined to bel owground plant organs, and generally do not becom e
visibl e for three or more weeks after infection. Infection results in abnorm d enlargement or hypertrophy
of cells. Infected roots and golons devel op wart-like galls, which are white at first and tum brown to
black as they mature. Galls varyin 2 2 up to that of a pea. Disease symptom s on young tubers consist of
small, gray, elevated pustul es on the tuber surface. Pustul es later dry and break open, leaving circul ar to
oval, small, scabby pits The pits contmn a yel ow-brown pow der that consi g5 of a mass of dustered
spores. Pustul es on tubers can be entry points for infection by pathogens that cause pink rot and late
Blight. Pudules on tubers addit onall v break the preventive chemical barmer to pink rot and late blight
pathogems formed at the tuber pen derm from systemi ¢ fungia des such o metalaxyl.

Most commeraal potato cultivars deve op root galls at vanous seventies when inoculum levels
and environment favor infection. Tubers of white and red skinned potat o cultivars are susceptible, and
those of russet skinned cultivars are parti all v res stant and are usually not damaged s gnifi cantl v (Nitzan
et al. 2010, Resstances to the root and tuber ph ases of the disease appear to be inhented independently,

Flants with a severe level of root galls have been reported to wilt and die, but this is seldom
ohsarved (Chna 2001 ) Powdery scab root galling was stated to cause viel d losses of up to 5 to 12
metric tons’ hain Washington State (Brown et al. 2007 | however, a non-infected control trestment for
com panison with infected plants, and the elimination of other soilbome pathogens such as Vertici lium
dahliae (Vertiallium wilt) and Colleiotrichum coocodes (blad dot) were not done in that sudy to make
areliable | oss estimation. In a controlled expenment in Col ombia, reducti ons of 23%s for plant | ength,
32% for foliar dry weight, and 30%s for tuber we ght were atiri buted to powdery scab root galling for the
cul tivar Diacol Capiro, which is a member of the andigens subspecies of 5. wuberosum (Gil chnst et al.
2011). Infested snd non-infested soil in containers was used in that study in Col ombia, but methods
wire nol desanbed for how the soil was infest ed and whether other pathogens were successtullv
excluded (Gal chnst et . 2011). Tuber vidd of potato was dso reduced in a shadehouse environment
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when soil was infested with 5 subterranes inoculum prepared by peding the penderm from powdery
scab-infectod tubers grown in the field (Shah et al. 2002)

A few cultivars are avail abl e wath resstance to root galling (Nit zan et al . 2008, 2010} Cther than
resistance and avoiding infested fi dds, sati sfadory management tactics are not currently availabl e for
reducing root galls on commera al cultivars and limiting tuber pustules on white and red skinned potat o
cultivars Dvel aving pl anting to reduce the time penod that potatoes are grown in disease favorabl e cool
soil temperatures m ay reduce sevenity of powdery scab due to disease escape (Christ and Wadner 1988,
Johnson and Milicay 1993 ), but early markets an d maximum v dds may be saonfi ced with this
practice.

The effect of root galls on viel d of potato, 5 wberosum . tuberosum, under commercial
production in the Columbia Basn of Washington State has not been quanti fied satisfacionly. The effect
of root galls on yiel d should be quantified to established action and economi ¢ threshol ds, and determine
if control tactics are applicabl e for thisphase ofthe disease. Methods avalable to determine weld
reduction caused by the obligate pathogen 5. subterranea are limited because chemical controls are not
available to provide a companson between diseased md non-di seased plants. Comparning yid ds of plants
grown in infesed and non-infested soal in contanersis nsky becouse soil inooul sted with root galls or
tuber penderm produced in the field may be infected or infested with other soalborne pathogens such as
V. dahlioe and C. cocoodes, thereby inadvertentl v contaminating the tes soil and confounding the vidd
loss estim ate. The purpose of this research was to determine quantitativel v this effect on vield of pot ato,
5 twherosum p. tuberosum. Yie d from cultivars res stant and susceptible to root galling in naturall y-
infested and non-infested fidd soil were compared to measure the effect of powdery scab root galls on
yield

Materials and Methods

General. Field mads were conducied in soil naturally infested and non- infested with 5
subterranca f. Sp. subternanea in 2007, 2008, 2010, 2011, and 2012, The infesied soils were in
commercia fields near Warden, WA, and the non-infested soil was a the W ashington State University
Experiment Station near Cthell o, WA, Soil type at Warden, WA was a Timm erman coarse sandy loam
im 2007, and a Cuincy fine sand in 2008, 2010, 2011, and 201 2, whereas at Othdlo, WA the soil type
was a Shano silt loam for all five years. Di fferent fields or pl ot areas were used each vear.

Cultivars used were Shepody, Umatilla Russet, Summit Russet, and Mesa Russet. Shepodyis
very susceptible, Umanlla Russet is susceptibl e, nd Summ it Russet and Mesa Russet are resstant (o
pow dery scab root gall devel opment. A resisont and at |east one susceplibl e cul ivar were planted of
each locah on each vear. Cultivars each vear were plonted from certified seed tubers cut to 70-g seed
picces. Data recorded for each cultivar at each location and vear were root gall index, inadence of plants
with root galls, and the vidd components of total vid d, number of tubars, and mean tuber weight, as
described bel ow,

Root system s of three plants per pl ot were dug carefull v by hand with a forked spade to expose,
but not to dislodge, root gall s. Roots of plants adj acent to the pl ots were sampled beginning in early
Augud to determine the optimum time to assess the number of root galls Plant roots were dug when
ga s were mature but not beginning to dry and exas=. Soll was genly removed from the sampled root
systems, and the numbers of galls per root system were counted and pl aced in one of ax gall index
categories as detalled below. Actual number of gall s per root system was counted for one plant per pl ot
of each culivar as a standard for assessment accuracy for the two addition al pl ants sampl ed per plot. In
2012, galls on sampled root systems were assessed, and then the sam e plants were counted separatdy for
galls to determine a quan titati ve assoaation for each culivar between the gall index and actual number
ul'sslant galls. Gall index categon es were as follows: 0= 0gall, | = | to 25 galls/ plant, 2= 26 to 50
galls plant, 3 = 51 to 100 galls’ plant, 4 = 101 to 150 galls’ plant, and 5 > 151 galls/ plant (Nitzan et ol
08 ).

Yidd rabi os were used to evaluate the effed of pow dery scab on a vidd component for each
cul tivar between infested and non-infested fid ds Yield ratios were denived from the foll owing formula:
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a yidd component of a diseased plot (infested sal ) / mean vidd component of plots ffom the non-
diseased fid d (non-infested sol) A viddratio > 100 for a cultivar indi cated that pow dery scab galls
had a limited negative effect on vidd of that cultivar,

The expenmental design in 20010 through 2012 was changed from that used in 2007 and 2008 to
increase the number of repli cations and not substantiallv increase the amount of tubers harvest ed by
hand. Also, in 2000 through 201 2, plants sampled for vield components were 0.3 to 0.9 m away from
those pl ants assessed for number of galls; whereas, in 2007 and 2008, the assessed pl ants were random
a ong the center ow of the 4.6 m length of plot in which plants were also harvested for viel d.

Trials in 2007 and 2008. Cultivars Shepody, Umatill a Russet, and Summit Russet were planted
in pl ots near W arden and Cthell o in each of 2007 and 2008. Each plot of each cultivar was three rows
wide and 4.6 m long. Distance between rowswas 0.86 m. Each row was planted with 13 seed-pieces,
each piece spaced 25 am within arow. Cultivars were arranged in a randomi zed compl ete block
design (RCE ) with ax replicales at each | ocall on; however, some plots were destroved by cultivah on
aror, thusreduang the number of replicati ons for some cultivars (Table 1)

Number of galls' plant was assessed on three plants sel ecled from the center row of each plot. All
tubers were harvested, counted, and weighed from the center row of each plot. In 2007, plots were
planted on 27 Apal at Warden mnd 12 Apnl at Othdlo. Vines were killed 131 days atter planting (DAP),
and tubers were harvested on 19 September at both | ocations. At both locationsin 2008, plots were
planted on 2 Apnl, vines were killed ot 162 DAP, and tubers were harvest od snd assessed for galls on 24
September,

Trials in 2010 through 2012. Cultivars Umahill a Russet and M esa Russet were planted in 2010;
whereas and cultivars Shepody, Umatill a Russet, and M esa Russet were planted in each of 2011 and
2012 in plots near Warden and Cthell o. Cultivar plots were single rows, each 1.83 m long, and were
planted with 5x seed-pieces spaced 30 cm apart within the rows. Rows were spaced 0.86 m apart.
Cultivars were arranged in a RCE design with ten replicates Cultivars within a bl ock were arranged and
randomized laterally, and replicates were arranged end-to-end with 0.9 m spaang between adyacent
replicates. The tnal was bordered with a row of Alturas in each of the three vears.

Number of galls’ pl ant was assessed on three conti guous pl ants’ plot. Tubers were harvested,
counted, and we ghed from the other three contiguous pl ants of the sx-plant plots. The plots at W arden
and Othello were planted, rated for galls, and harvested on the same day for a given year. Plols were
planted on 9 Apnl 2010, 8 April 2011, and 19 Apnl 2012 Three conti guou s plants’ plot were harvested
destructively, and root systems were rated for galls on 24 August 2010 {137 DAP), 16 August 201 1{129
DAP), and 15 August 2012 (118 DAP). The remaining three plants per plot were harvested for
determination of vidd components on 17 September 2010 (161 DAPF), 16 September 201 1{ 160 DAF),
and 14 September 2012 (149 DAP L

Data anal yds Yield measurements and gol] assessan ents from individual plants were consdened
subsamples, the mean of which was caloul ated for each experimental unit (plot ). Data for gall index, and
the three viel d components for each location and yvear were dependent vanables analyaed separatel v by
one-way analysis of van ance { ANCV A ) using aRCE desgn. The independent variables were blodk
(random ) and cultivar ( fixed). Least-square means tesds for compan sons among cultivars for each
location and year were considered 1 gnificant at » = 0.05 when the ANOV A F-test was significant (P <
0,05 ). Data for viel d matios (dependent v anabl es) for each cultivar (fixed, independent vanable) and for
each year were anal yzed by one-way ANCOVA., Signi ficance am ong cultivars was determined from | east-
square means tests at = 0.05. Regression analysis was used to investigate the effect of root galls on
potato vield components with total v d (vidd’ plant ), number of tubers’ plant, and tuber waght
analyzed separately as dependent vaniabl es, and gall index as the independent van able. Residual anal ysis
was used to test normality and varian ce assumpdi ons of the regress on model s Statistical anal yses were
conducted using SAS Version 9.1 (SAS Institute Inc., Cary, NC).
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Hiesulis

Trials In 2007 and 2008. Powdery scab root galls were not ohserved on plants grown in the non-
infested soal at Othdlo, WA in both vears of the tnal . Root galls were not recorded on potato pl ants
grown a Warden, WA in 2007, but they were ohserved a that location in 2008, All pl ants of Um atill a
Russet and Shepody had root galls, whereas only 1% of Summit Russet pl ants had root galls {Table 1}
Plants of Summit Russet had & gni ficantl v fewer (7 < 0.05) galls than Umat]la Russet or Shepody;
whereas pl ants of Shepody had signi fi canthy more (P < 0.05) galls than either Summit Russet or
Umatilla Russet in 2008, Mean gall index tor Shepody, Umahill a Russet, and Summit R usset were .67,
1.22, and .11, respect vely (Table 1).

Mean yidd' plant was signi ficantly greater (7 < 0.05) for Shepody and Umatill a Russet than for
Summit Russet at both locati onsin both years (T able 1). Mean vield' plant in 2008 ranged from 2078 to
2263 g for Shepody and Umatilla Russet and from 1078 to 1300 g for Summit Russet. M ean number of
tubers' plant was significantly | ess (P <0.05) for Summit Russet (4.1) than the other two cultivars af
Warden in 2008 (6.3 for Shepody and 10.2 for Umatilla Russet ). Mean tuber we ght was s gmificantly
greater (2 <0.05) for Shepody than for Umatilla Russet and Summit R usset, and did not sigmi ficantly
differ (7 > 0.05) between Umatilla Russet and Summit Russet at both locationsin 2008 (Table 1).

Yidd ratios for mean yidd per plant, mean num ber of wbers and mean tuber wa ght were > 0,99
for Shepody and > 1.00 for Umatill a Russet in 2008 (Table 1). Yidd ratios for Summit Russet were <
1.00 for mean vid d per plant (0,83 ) and number of tubers (0.65) and > 1.00 for tuber we ght (1.30)in
2008,

Trials in 2010 through 2012. Powdery scab root galls were not ohserved on plants grown in the
non-infested sail at Othello, WA in all three years of the inal. Root gall s were observed on potato plants
in the infested soil at Warden in 2010, 2011, and 2012 {Table 2). All plants of Um atill a Russet and
Shepody had root gall 5 whereas, only 41 to 53%s of the M esa Russet plants had root gals over the three
vears (T able 2). Sevenity of gall s and ina dence of root systems with galls were both = gnificantly | ess (P
< 0.05) for Mesa Russet than for Umatilla Russet in 2010, and were signi ficantly less (P <0.05) for
Mesa Russet than for Um ailla Russet and Sh in 2011 and 2012 Mean gall index ’a:anhq:mdﬁ?ﬂ“
were 3.53in 2011, and4.13 in 2012 Mean gall index the three years for Umatilla Russet ranged
1.83 in 2010 to 287 in 2012, and for Mesa Russet it ranged from 0.46 in 2010 to 0.65 in 2012

Mean yidd per plant, mean number of tubers per plant, and m ean tuber weight were s gnificanty
greater (2 <0.05) for Umatilla Russet than for Mesa Russet in infested and non-infested soil in 2010
iTable 2). Mean vidd per plant did not s gnificantly di fier (7 >0.05) am ong the three cultivars in
infested and non-infested soal in 2001 andin infested sol of Warden in 201 2, but was significantly
greater (7 <0.05 ) for Umatlla Russet (2874 g) than for Shepody (1899 g) and Mesa Russet (1718 g) in
nof-infesed soil at Ctheloin 2012 Mean number of tubers were & gnifi cantly greater (7 <0.05) for
Umatill a Russet (10,0 snd 9.2 in infested and non-in fested, respedivel v) and M esa Russet (9.8 and 9.3
in infested and non-in fested, respectivel v) than for Shepody (6.1 and 7.0 in infested and non-in fested,
respectivel v) in infested and non-infested soal in 201 1, and was signi ficantly greater (7 < 0.05) for
Umatilla Russet ( 16.4 and 22.6 in infested and non-infest ed, respectivel v) than Mesa Russet and
Shepody (ranged o f means from 9.8 to 10.3) in infested and non-infested soil in 2012, Mean wber
weight did not di ffer significantly (P = 0.05 ) between Mesa Russet and Um atilla Russet in infested and
non-infested soil in 2011, and between Mesa Russet and Shepody in infested and non-infested soil in
2012 (Table 2).

During 2010 to 2012, the vie d ratio for total yied for Umatilla Russet was < | only in one of
the three vears (0.82in 2012), but was = | in two of two years {1.00 and 1.28 in 2010 and 2011,
respectivel y) (Table 2). Total vidd ratio was > | for Shepody in two of two vears(1.26 and .14 2011
and 2012, respectively), and was > | for Mesa Russetin two of the three vears (1.25 and 1.45 in 2011
and 2012, respectively ). Total vield ratio for Mesa Russel was 0.91 in 2010. The vield ratio for number
of ubers was < | in two of three years for Umatilla Russet (0.82 and 0.73 in 2010 and 2012,
respectivel v, in two of two years for Shepody (0.87 snd 0.89in 2011 and 2012, respectivel v}, but only
in one of three years for Mesa Russet (0.92 in 2010). The rotio for mean tuber wa ght was notably > | in
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three of three vears for Umatlla Russet (1.23, 1.24, and 113 in 2000, 201 1, and 2012, respectivelv); in
two of two yvears for Shepody (.44 and 1. 30in 20011 and 2012, respectively ), and in two of three vears
for MesaRusset (1.19and 1.43 in 2011 and 2012, respectivy). The ratio for mean tuber waght was
0.97 for Mesa Russet in 2010.

Mean yvidd per plant, mean numbser of tubers, and mean tuber wei ght for Umatlla Russet and
Shepody ather did not signifi cantly change (P > 0,05 or significantly increased (P < 0.05) as gall index
mcreased in 2010 (Fig, 1), 2011 (Fig 2}, and 2012 {Fig. 3). Mean vied per plant for Shepody decreased
as gall index increased in 2011, but only at the 11" (P =0.11) signi ficance | evel, not the 5% (7= 0L05)
levels of testing (Fig. 2). Mean tuber weight 5 gni ficantl y increased as gall index increased for Um atilla
Russet (7= 0.016)in 2010 and 2012 (P = 0.015). M ean number of tubers for M esa Russet signifi cantly
decreased (P = 0.02) as gall index increased in 2012 (Fig. 3), but not for any other vield component for
M esa Russet the other two vears(Figs | and 2).

Discusslon

Potat o tuber vidds for the three vidd components of vidd' plant, number of tubers’ plant, and
weght of wbers’ plant were nol negatively affected by pow dery scab on roots of Um atilla Russet and
Shepody, a8 indi cated by the vdd rabio measure for three of the four vears, and by regression malyses
calcul ated for three of three vears. Regression lines with a non-si gni ficant slope or slopes that
signifi cantly increased with gall index also indicated that the number of root galls’ plant did not reduce
vield significantly. The vid d rati os between infested and non-infested fields for mean vield per pl ant and
mean numbers of tubers for Umatilla Russet in 200 2 were the exception, and, as this cultivar displaved,
had low vidd ratios. However, the regression slopes for those two van abl es for Umatilla Russet in 2012
didnot decrease, indicating that viel d was not affected by the number of pow dery scab galls. The low
vield ratios for Um atilla Russet that vear were likely due to the cultivar produdng a relatively high vidd
im the non-infested fiel d, as sgnificant differences were not recorded for tofal vied between the infested
and non-infested soils Shepody was more susceptibl e to root galling than Um atilla Russet but total vield
was not affected = gni ficantl v in ather cul ivar,

The s gnificant increase in mean ber wei ght with increasng root gall index for Umahlla Russet
im 2010 and 2012 in this study was likely due to a dearease in number of tubers’ plant, which incoreased
mean tuber weight. This was supported by a vield ratio < 1.0 for the number of wbers’ plant in 2010 and
2012, but not in 2011 (Table 2). Consequently, uber number/ plant may be reduced with increasing
number of powdery scab root galls’ plant and, therefore, increase the mean uber wa ght.

The vie d rat os and regressaons mal yses in this study were both sahisfactory methods of
assessng the effect of powdery scab root galls on vid d. The slopes ofthe vidd component plots against
number of gall s or gall index hikd v gave amore prease indicah on of the effed of galling on vield than
vield ratios. This is because the effect of discase seventy on vid d was cons dered using ady acent plants
within the same plots and not com pared between pl ots in different fields. However, vid d rati os as
determined in this sudy have validity in giving an estimate of the effect of di sease on yie d.

An action threshol d greater than the number of galls encountered in this fudy on roots of
Umatill a Russet and Shepody i sneeded before an economi ¢ loss can be expected at more severe levels
of powdery scab, and to assess the economic viability of control tactics for powdery scab (Rowe and
Powelson 2008 ). The mean gall index for Shepody was 4.13 in 201 2, which represents 141 gall s’ plant.
A greater number of gals' plant may reduce potato vields. Consequentl v, the outcom e of this stu
suggests that specific controd tacti cs drected solely at preventing powdery scab galls on rovts are not
economicaly justified for powdery scab root galls in the Columbia Basin. However, 5. subierramea and
Coll etotrichum coccodes, the cause of potato black dot, may interact to produce more severe disease and
plant dam age (D.A. Johnson, unpublished data). Resistant germ plasm to both 5. subterranea root
galling (Nitzm et al. 2008, 2010) and stem and root invasion by . coccodes (Nitzan e al. 2009) are
available, snd the development of cultivars res stant (o both pathogens is desirabl e Lo re duce the harm ful
effects of interactions between the two pathogens on potato. Resasance to root galling could be
important to prevent a buildup of soilborme inoaulum for future growin g seasons, even though thereis
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no evidemoe of a diredt effect of the disease on vidd of | evd s of soil borne inoculum that have been
detected in the Columbia Basn to date. On account of a potential synergistic interaction with ©.
cocoodes, resistance to black dot deve opment in roots should be sought.

The decrease in vidd with increasing gall index observed on Mesa Russet in 2012 does not
indicate that vield was affected by root gall s on this resistant cultivar, The gall index for Mesa Russet
ranged from Oto | and represented a maximum of 15 galls’ plant, Cne gall/ plant resulted in a gall index
of |. The narrow range for the dependent vanable gall index was not sufficient to detedt an effedt on
vield by regression an alvsas for Mesa Russet. A gall index was used in this sudy because counting
imdividual galls on root systems was ime consuming. Estimating the number of root gall s and using the
gal index was sufficdently accurate for the obj ectives of the study. The value of gall index, as expected,
was directly correlated to the number of root galls observed’ plant.

A reduction in potato yvidd due to powdery scab root galling was expected but not encountered in
this study. The different reactons to root gall measured on potato in Colombia (Gilchns et al 201 1) and
Ausralia (Shah e al. 2012) vs. this study may be assoa aled with the culti vars, seventy of root galls,
environment, avalable soil moisture, and method of estim ating the effect ofthe pathogen on vield.
Seventy of root galls on Shepody in this sudy was severe with = 30% of the root area displaying galls.
FPotato roots with galls were demonstrated to have areduced capaaty to take up water in a study by
Fall oon et al. (2004 ), in which test pl mts were grown in soil infested with spores obtained by scraping
pow dery scab lesions from tubers produced in the fidd. An impediment of water uptake due to root galls
might be overcome in the fidd with ample soil moisture provided by imgation or ranfall. Pivot
im gaion systems in the Columbia Basin of Washington State supply 30 to 76 am'ha for a growing
season, which isa plenti ful supply of water,

A companson of yield from culivarsres stant and suscephible to root galling in naturaly infested
and non-infested fi dd soil wasused to measure the effect of powdery scab root galls on potato yiddin
this siudy. Yields of potato cultivars Shepody and Umatilla Russet, two commonly grown cultivars in
the Columbi a Basin, were not impared by the level s of root galling caused by 5 subterranea in this
region. Evauat ons were done in fi eds under condib ons used for commercial potato produch on in the
Columbia Basn of Washington State, not in a greenhouse or shadehouse. Consequently, control tactics
directed solely at reduang powdery scab galls on roots are not economically justified o the leved s of
sotlborne inoculum of $ subierranea encountered in the Columbi a Basin fi elds used for this study.
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Vaolume XV, Na. 3 Potato Progress

Table 1. Seventy and inadence of root gall s, weld components, and vid d rab os for Summit Russe,
Umatill a Russet, and Shepody planted in soils naturall v infested with pow dery scab (Spengospora
subierranca) and in non-infested soils in separate locati ons in the Columbia Basin, WA in 2007 and
2008

Year Disveaselocation Gall %) call Yield/ Humberof Meantuber
Cultivar® [l * Index Imcidence plant(g tubes/phnt  weight (@)

07 Nor-infestedWamden

She pody (4) ¥ 4] 1801 a 536 340a
Urratilla BEset (4) ¥ 4] 1784 a 0E8a 166 e
Surmmit BLEset |%) [} 0 630 b 3¢ 193 b
Non-infested/Othe llo
She pady (5) i} 0 88 a Gdb d3la
Umatilla Russet §6) (i} 0 1995 a 109a 183 b
Surmmit Aueset |5 o (1} 161 b GBE B 161 b
M8 | nfested Wamen
Shwpody ) 267a W00a XNHE a 63b 333 a
Umatilla Russet (5)  1.22h 100 a 1163 a 10.2a b
Surmmit Busset (4] O01lc 11 b 1078 b d.1lc Hlb
Mor-infestedOthe o
She pody B) i} i X7 a 6.2 b i34 a
Umratilla Bueset §&) [} [} XNE0a DE & 218 b
Surmmit Busset |B) i} i 1300 b GAb b
Yiek Ratiof
Shepody ) - - 1.01ab 1.02a 099 b
Urratilla REset (S) - - 1094 1082 101 b
Surmimit BLEset (4) - - 083 b 0O65E 130a

*walues for eac hset of culthars within a site snd yesr with the same BLter are nots ign fica ntly different 31P = 0.0% wing
aralgss of varance .

® [n) reurrdee ¢ of replicated piots expe rirmental units) where each plot was a mean of 18 subsampled plants.

"Yield mtiowas calculated for each yield compone nt from esc heultvear plot from infested sl divided by the mean of all
plots of thet cultivar from non-infested soil where means were compared among cultivars wing anahs s of arance,
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Vaolume XV, Na. 3 Potato Progress

Table 2. Seventy and inadence of root gall s, veld components, and vid d rati os for Mesa Russet,
Umatill a Russet, and Shepody planted in soils naturall v infested wath dyve powdery scab ( Spongospon
subierranca) and in non-infested soils in separate locati ons in the Columbia Basin, WA from 2010 to
2012

Trial Disease/location Gall % call Yl i ber Mean tuber
Year Cultlwar ** Index Irciderce  plhnt(@ tubers/plamt  weight @@
H10-  Infested/Waren
Umatilla BEset 183a 10a 10 a 1194a 235 a
Meta Bsset 046 b 41 b Nad b 71l b 311 b
Han-infested Othella
Umatila Ausset 0 0 03 a 14.7a Wia
Mesa Russet L] 0 J00 b T7hb 31tk
Yed Ratio ©
Umatilla Bueset - - 100a Oaka 1Xa
Meia RLEset - - 081a 09k 087 b

W11 Infested Warden

Shepody 3.53a W0a 1245 a B.1lb ¥la
Umatille RuEset 223 b 1W0a 331 a 0.0 133b
Mesa Russet 053¢ 53 b 533 a G8a X5bh

han-inlested /Othella
5 b 0 0 1779 a 70k 1545
Umatila Russet 0 0 1742 a 92a ok
Wesa Ausset i 0 A0l a 93a 116 ab

Yield Rats ©

5 he pd - - 1X%a 087a 1442
Umatila BLEset - - 1.78 8 107a 134
MELs HLESET . . 1,155 108 119 4

W1z Infested/Warlen

Shepody 4138 1Wha 26l a 98 b 20a
Uratlls Russet 287h 100 Hbk a 1648 144 b
Meda Rieset OBSc &8 b MOE & 0.2 b LT
Haneinfested [Othella
5 b ol 0 0 1899 b 110 b 172a
Umatila Russet i 0 74 a ll6a 117h
Mesa RLEset i 0 1718 b W03 b 166 &
Yed Rato *
& hepod y . . 1.14b 0,89 ab 1.30ah
Ui tillls Bosaet . . 082¢ 07 b 113 b
hirsa Russat - - 14d5a 099 a 143 a

*walues for eac hset of cultha rs with In a site and year with the same letter are nots|gnfoantly different atP = 0.05 wing
analyss of varance.

"Caleulated froma mesn of hiee wbes maled plants eacbiorgall ndex and e ld per cuBivarwith @n e pleatian.

" She pod y wis fol growen (n 2000,

“Yigld mtic was calculated for each veld compome nt fromesch cultvar plot from infested sl dividad by the iean of all
plots of tht cultvar Fom nonsinfested soll wheme means wems oormga red among cultha s wing arahs b ofwrianoe,
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Valume XV, Na, 3
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Fig: 1. Yidd components for the potato cultivars Umatilla Russet, and Mesa Russet in relation to root

gal index for gall s caused by Spongosporg subierranea at Warden, WA in 2010,
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Valume XV, Na, 3 Potato Prooress
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Fig. 2. Yidd components for the potato cultivars Shepody, Umatilla Russet, and M esa Russet in redation
to root gall index for galls caused by Spongospora subterranca at Warden, WA in 2011.
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Fig. 3. Yidd components for the potato cultivars Shepody, Umatilla Russet, and Mesa Russet in rdation
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