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U5, potato lmsses dhiring stonege have avemged about
£.5% over the post several yvears, acoording bo the
Mational Forate Cowncl 200 4-2005 Potalo Stati ical
Yearbook. [ndividual farm loses can be much more
severe, with complete bses all oo frequent. Whilk a
portion of the average veady kosses ks due to troanspin-
Hon and espiration, e mome serkous losses uwaalby
ans due 1o storaoe d Beoes,

Storage disedses are not curable, but there are ways o
help limit pathogen spread Iom disased o healthy
potatoes and to keep the problem from getting worse
Approprote stomge monagement depends, however,
on proper identification of the disease responsible fora
rod problem. Pathogen ldentification will also hap in
racking futime (keld rmondaoe ment declkions.

The major diseases that plogue potatoes in stomge
Imclude pink rot, Pythinm leak, late blight, dry rod, solt
rood, silver scud, Black dot, and eady blight. Some dis-
SRS O RS TP S e da M and '|JI1'|{§,I1'.'|.‘\ More
rapldly than others, espedally when secondany bocter-
iad soft ot creates “hotspols® that con mpdly lead to
the breakdown of an entire pile of potatoes In storage.

Selecting tubers for diagnosis

The fimst step in diagnosing the type of ot elther com-
img out of the field or developing in storoge 15 to select
partdally mited poloto mbes. © Pariiolly roted” mems
that leall or muome of the tuber 4 lealt by, Corelul selecs
Hon is important becase tubers that are completely
rotted often have sucoumbed to secondary soft mof
imwagon, and secenaning the inidal probiem becomes
mwcly more difficult, if not imposdble. 1 they are avail-
alile, toke sereral dozen miberd inam each of e
affected areas in the storage. Dissed the tubems by out-
ting them in half and peeling off areas of the skin,
bost of the pathogens responsible for tuber decay In
storage oan toke advantage of damaged areas on

tulbrers such s nicks, outs, abmsions, broken knobs, or
shater-hnised areas, Look for evidence of these posih
ble disease entry points and examine sch tuber’s niat-
ural weak points such as the areq of stolon
attachment. the lenticels, and the eves.

Unfortunatey, many tuber diseases vary in thelr
appearance, and often they do not look exacly like the
textheok plaures. Further examination by a dseqse
expen (unlvesiny scent sl or other disense diagnost
dan) may be necessany, The expert will réquire Intaa
tubsers to pefomn a poper dicgnmosi, Collect new sam-
ples for this purpose or leave some of the tubers in vour
samples unout. Also, provide healthy tubems not
exprasing any ol e SYmpimms BoT Comparison.

Identifying the disease

Miatch vour observations o the disease descrptions
and photogmpls that follow

Areqs on tubers affected with most of the desoribed dis-
easesae also easily invaded ey the ulimate nemesls
of the pototo stomge manager bacteda that oouse

beac terial ol pol.

Figure 1. Tuoer symploms o pinknol Infeced tubars finst
Nppear ¢ ronm cokned wihen siosd open. Th salmon-pirk ool
ordicon agpears aher 15 to 20 miruies 8 room fempenaus
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Pink rot

Tubers affected by pink rof, comased by the oomyosbe
Phytophthore erpthrasgptica, often mainian o rommal
shape, but the outer skin tums dark and the intemal
flesh when cut hasa ubbery, “bolled potao” consis-
tency (fg 1) The internal fsae tums pink afier abowt
15 to 20 muinuites of exXposure bo warm alr and approxl
matdy 30t 40 minutes under ool lemperatures

[t is sy o coniuse the pink mwt oolor eaciion wiih the
Hghter pink color theat ocours due o oxidation whem
healthy thsue I exposed to al, Look for a disting lne
between healthy and infected tssue. Your nose can also
help in diognosing this disease. Fink pot in storage is
usually accompanied by a dstinctive ammonia ador

Pythium leak

Pyt hiurn leak, comised by Pythivr spp., 18 olten
described s a “dhell rot, " Buat the tenn "keak” comis
from the extremely wet nature of the rofted tzsues,
Cine method to conflom the presence of leak is to genthy
squeers the rotten twber and watch for a dear lguid to
stream out (. 2. This dissas also ends 1o cose a
greymemiblack mt in the interforaf the wher, Bavs
ing the outer cortec, or “shell,” of the uber intoct

Since the keak pathogen typioally needs a wound to
imfect, inspect the mber for any potential diseqse entry

polnis.
Late blight

Tubers with late blight, comsed by the oomyceie
Phytophihors nfestans, iend o have a reddish or fone-
b, dbry, gramular ot that extencds from the skin of
the tuber inwand an inch or more (fig. 3. Tisuwes with
late Might are firm to the touch, not wet or mushy. The
amaount af ot development will depend upon the
duration of the Infecton, tempssra e, and potalo
varety, Peeling owoy the skin over the affected aneas of
the tubser and kooking for the charactenistic reddish
cokor ks a good way to kdentfy this deease, but confir-
maton by an expen is always recommen ded.

Dry rot
[rry ok, ooused by the lunogqus Fedarer srmBbuscin wm or
F. cosuleurn, typloally progrsdes io iwber decay that is
dry, crumbily, and bown i oolor with tn[ln;truhi tismae
afien baced with secomdary white- or other-colored fun-
gal growth (fig. 4). While infected tubers eventuwally
shirivel and mummify, the inglal steges of dry rot can
look very different.

F. sambucdmen-infected uber tissues initially have a wet,
dark b n=tlack appearance. EBxoept lor 1lve onlos
chonges infected fuber Hsues hoee the same fion, wet
exture o the surraunding healthy tisses, The fungus
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Fgure 2. Crosasecton of 8 uiber afiecied by Pyihium
e |nfechsd areas apeaar groge-binck. Wihen poosars s
appied 1o the uber, 8 choar fid will uuslly drip o eak” from
T uber, ghing the disease s ema

Figura 3. Potato uborg with kxie blight infecion. The ubes
i T coniey ahows. S o of inde Bon Todgh S0 ey
T i oSS O SihEr Shcd GEpIcT Tl grarnler, Brown dny
decay associated with Lase bight

Figure 4. Dryrot cased by Fussnum sambicnum. Ths
Ercran, dny 1od k8 chanscienzed by & nonuniionm progression of

ot Tocigh the potan uber, ususly staging &1an gy sle.



Figure 5. Oy rol cowsed by Fusanum cosrulim. [neon-
ras 1o dey rofcaused by F simbucinurn, This dny nd proes
gresses urifoemiy thaoughou the uber,

Figure &. Advancead siages of bacienal sofl il oocuring
oy 10 Tuber hanest_ Aol begins 81 the point of stobn antach-
ment @rd continues thnoudgh he cenyal pih §sse of T uber,
Thisse two ubars additionally show rot caused by spcondany
uber rof argandams.

Figure 7. Polaio tubers infecied with siver sourl. Bladk dot
SYINDICHTES ook DuDess Cam ook 5 emillar
Prosa sur iy af B Geary
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almost appeas to be tunneling through the tuber, fol-
lowin

g the th time, the disee

appear vellowish-tan. The fungus spreads radially and
unifonmly cumwared through the tuber dsues Fom the
padnt af nldation {lig. 5).

Soft rot

The most serious of all stomage dikeases B soft rot,
caused by the bacterhum Envings cansdovor, Sympioms
include tan- to bmown-colored water-soaked areas of
granubar, mushy tsne often out Bned by brown to
black moargins (fbg. 8). The rotted part of the tuber ks
clearly diifereniioted frarm the healtly partof ihe wber,
alhough with time the healthy =l will succumb o
the bacteria

Soft-rotted tubdrs tend o break down easdly, thus
spreading bactera to sirmunding tubers, eswting in
localized pockets of rot or “hot spots." Spread from
tulker to tuber is Favored by high tempemtiiees (the bac-
teriuim 15 not very actve below 50 F) and ancerobic
[lowr xgrcpim ) Conuditbons, Linder thvse condi long, saft
rot Bacteria can invade previousdy healihy tubers, pri-
marly through the lenticels.

Unider most :.l:nrn:l.-_ql'n::tri11r.1|:|s., there s a -:.’:m-g;f-rﬂu.ﬂ
soft mf bacteria will invade tubers already infected with
amy of the previously desoribed dikeases. Once a soft rot
packet begins the intense espiration ocurming within
the pocket can génermie haat thol aooeleraes e nots
tng prooess. The combinatbon of bigh temperatunes
and wet, deandng tuber tizses laden with soft rot bac-
teria oan result in extrame by rapid disease progression.

Soft mt pockets genemlly spread downwand in the pile,
in mesponse to graviby. A runoway soft rot problem can
leded to the weakdeam of an entire storage ina matter
aof a few days. Other bacterda, such o Clostridium,
Peeridormoras, and Bacilus, can also omise iber soft ot
g these have not been wery well nsearched and are
only poorly undesiond at present,

Siver scurf

Although not a disense that causes the internal tuber
tissues to ot sllver sourf, coused by the fungus

Hedrr thosporien saland, couses geey o silvery blotches
on the surface of the tuber (g, 7). Alfected skin has a
sihrery sheen, QpHars thicker, and can be :pn:q‘rpfan'l:lll.-_q
b0 comsumeTs,

Thie cisaw has twodistinct ]J!um!.. One plme:-:'n.m
while the tubers are still in the fekd and consists of
infected armas on or near the stem end of the tuber
called “primary lesons.” Probably momre imgortont
from a cosmetic stondpoint are e “secondany besions”



thiat result from nfections that devdop while the tubems
am in stemge. Secondary ksions may coour amyw here
an the tuberand caon be s numerous as to cover virh-
ally e entire tuber suface. In stomge, nlected tubes
lose water at a kbgleer rate than headthy tubes due o
the pathogen's dismption of the perdenn,

Black dot

Black dot, caused by the hmgus Colletotrichum corcades,
causss unappealing lesions that bok very simikar to
those of dlver soud, especially in the eary stages of dis-
ease development. As the infection progreses, the
l=ioms umally become more prominent and thider

than thoee amodated with siber scurf, Within the

lesioms, small Wack sderotia may be visble with the Figure 8. Poaio uber infeciad with black dot
aid of a magnifying lens (fig. 8. Fhista oo ey ol D Jainsn
Early blight

Eary blight intuber & damcterized by shallow, groy
b bkeek, dry Lesbons ({ig. 9. Eady blight con be ooused
by the Fungus ARemana saas or the fungu Allemeana
alfernata. (Tuber lesioms coused by A, altemata ame also
called black pit.) Leslon margins may appear water-
soaked and have a yellow color. Tuber eatly Wight is
aften associated with wounding. Ths &sease is seen
micsl afben when tubsrs with immatue skins are hare
wvastod From sandy sofls

Figure 9. Tuber sary Hight symptoms o chamciened
By ahalow, dy, ey 15 Hisdk leaksrd with manging hat mny
BEpear wWaler-goaknd
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Managing storage diseases
Disesse prevention

Storage management con be greatly smplifled by tak-
Ing steps to prevent disedses lrom oocurdng in the Hrst
plece. & fungidde program and cultural practices to
manage disenses like laote blight. pink rot, and early
blight in the field will educe the percentage of diseased
tubers ploced into storage.

Avoldance of physical damage totubens & one of the
best monagement tools avaflable. All the disense
organkans deoussed here are able to gain eniry
through woumnds inflicted on ubers during the rigors of
harvest and handling.

Sorme fungicide and disinfetonts can be applied to
tubeers as they are balng ploced into storage to paotedct
against late blight, pink rot, doy rot, and silver sourf
development. Contact university personnel for the lat-
ed recommendations for registered and effective post-
harvest products,

Management between storage seasons

Some p-ullmgem. siech on the slhver scurf '|:|'.|I!hu5t|t.
may survive from one seaon to the next in the gomge
fadlities themsebes. Storages and handling equipment
should be deaned and sanitized or “disinfected” after
the siomge is empiied and before handling and storing
the new crop. Disinfeaion of storages and handling
ecpupment is a thneestep process,

1. Remove dirt and debris. All e disinbec iants
amproved For use in polato stomges are mpidly td
up and rmdered Ineffective by dirt and omganic
matter. The next two steps of the process will be
much more effective if the debris from lost year's
rop B removed.

2. Wash with soap and water. This step is often
aoompished with a pressure washer and a deter-
gent solutkon. Wam of hot water will be mome effec
tive than cold water, Steam washers are also a good
choloe but will mot actually disin fect storage sur-
faces or equipment becmse the duration of the
eXpoELre o steamn is too short. Water and detemgent
help 1o dssolve and remove dried tuber sap and
beacberial slmes theat are depelted on darage aur-
Faces and equipment, and detergents hove somae dis
infection capabfity. Cleamed surfoce alow the
disinfectant, used in the next step, to work properky.

1. Disinfect. Use an approprate and registened disin-
fectant and make sure that the sufaces to be diin-
fected remain wet with the diinfectiion solubon for
arl past 10 minwtes, Use sulllcent spiaver presaire
and valume to rl'l!irctl'url::,r clean all sufioes.
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Many funga spores have towgh. resilient ool walk,
and bacterka in storages often oocur in the form of
dried slime. Ten minutes provides the necessary time
for the disinfectant to penetmte the fungal cell wall or
digsalve the bacterial alieme and kil the patluogen.

Management during storage

[dentify the major stomge dissass problem prdor to
making any changes o stormge management prece-
dures. Be aware that changes in stomge manage ment
can impact other potato qualiby attributes, such as fry
color and uber sugar concentealions,

There are three boasic tools of storoge manage ment:
temperature, humidity, and aiflow. Baloced use of
thiese tools i the key to manoag ing potao diseoses in
Storag

Cooling period. Il potatoes are hanvested with pulp
temperatures above 80'F, cool them to at least S0°F
within the first 2 to 3 doys after horvest and moxmize
the duratiom of fresh-air intoke. This is espedalby
impeortomit for tubers with kate blight, pink mot, Pyihium
leak, and sodt rof betouse wanmer fempena Lres prm-
mote foster decoy,

Supply a high volume of air 1o ile potatoes to decrease
tubrer ternperatuee and to help dry out rotted or wet
pedaioes, Setpoint lemperahures may need to ba
dereased ina galrsep manner to optimize the dura
tion of fresh air intake per day. 8ot o perating the ven-
tlation system as soomn as the Ast two to three ducts
am orered duning loading. Contine 1o decrense stor-
age temperatumes o the desired cunng tempeeratune,

Some special clrumstances such o8 eolder-than-reoom-
mended pulp tenpemiunes or ¢xcessive diseoaie moy
reguire the advice of an ecpert, For instanoe, rapidly
warming cool potatoes may couse aondensation to
form on the suface of the potate and devate the
petential for disense progesson.

Curing perlod. Proper moanagement of the stomge
facility durdng the wound healing or “ouring period” is

critleal The cuing period s imporiant for proper heal.
ing of cuts and brulss, rechiding pathogen spread, and
keeping shrinkage bses at a minimum. Whund heal-
ing mequires oxygen, high humidity, and favomble

eI pEranires.

The ecommended somge regime for wound healing
and ouring is typlcally 50 w 55°F for 2 1o 3 weeks with
good ventilation and a reative humiding of 95% and
above. Even these relo brdy ool temperatures will pro-
mote mpkd breakdown wlien stomge diseases sudh as
pink rot and Prhien leak are present. Therefor tem-
peratues dunng curing may need to be lowered to
S0°F il disease incdence and svedty are high {more



thian 5% wat mf), However, curing temperatumns below
S0°F may delay wound healing and are generally not
recommend ed.

Use continuous ventilation to doy out wet potatoes. IF
“hot spois” begin o develop during cunng, sugply
high alrilow to the area o help prevent addiional
path ogen spread. Alrflow must be sufficlent to ramove
water given off by the deoving tubers Supplemental
ventladon can be suppled by audliary fans on top of
the pile or in the ducts below troublespots

Haolding period. After the required curing perod,
reduce the somge tempemture firom the oedng o the
holding termperature o quickly s possible but gener-
ally mo faster tlem 0.5°F per done. Dimdting the amoust
of time dieaied tubers are held at warmer tempee-
tures will decrecss the mte of dbeas progression. &
slower rEmping mte may be mom appropriate for
patatoes o be proesed where sugar concentrations
and fry color are a concem.

Although lower hokling tempemtures typically
decrecse the pate of dissas progression, vy storage
declsion involving tempemture adjustments must take
Into consideration the end-use of the protato, P'ru:r:l.!.il.g
pekatoes by plcally weed to be somed at higher tempem-
tures (44° to 55°F) than seed and fresh market potatoes
(37 1o 45°F) amd therefore the luxuary of low storage
temperaiures 15 not avallable. Continuous fan opera-
ton and high ceflow moy sill be necssary to dry oit
wirt or prohlem pototo e, espedaly thoee with soft rof,
pink rot, or Pythium leak. Continuous ventilation will
ako reduce the chance for condensation to ocour in the
storage fadlity. Keep in mind that low holding temper-
anuees, wiile an effective managenent tool for many
situationg are no quuamnies thae disease Fm&"lﬂdh!l
will stop,

Depreneding agron tlee nature and percentage of rof in
the stomge, the pdle may need additional dodng ventk
lation with reduced-humidity air. However, reduced
humidity results inadditional shrin kage and also
delays woumd healing. which can increase the ind-
dence of dry el Decrensing relative humidity in sbor-
age to B5% or leid can ako decredie the sscondary
sprewd of the silver sourf pathogen., Still, evaluote other
management srategies hefore reducing relative
humidity
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Final thoughts

The tliree bads storage manapement ook oo llalle
am tempertume, humidty, and aolow. Propes by ide-
tifying the diseas esponsible for a somge problem
allows the opimal use of these tools to limit pathogen
spread and disease development in storage. Keep in
mind that anvy deviation lrom normal storage precices
can rechace the guaity of your stored potatoes. Linefer
soene conditions, eady marke ting meay be the anly option
aviilable to presenve the valie of paur argp.

The authors—Nora Olsen. potato specialist, Ul
Twin Falls Research & Extension Center: Jeff
Miller, potato pathologlst, Ul Aberdeen Research &
Extension Center; Mhil Molte, seed potato spedalist,
LI ldaho Falk Retearch & Extenson Center
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