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Checklist for Reducing Bruise

.E-e_fn.-e Planting

Salect Nelds that are besi
suited for growing polaloes
and are [ree (rom excessve
rocks,

Avoid tillage practices that
creale clods that will nod
break down during the

ZIOW NG Seas0n.

During the Growing Season

Use a balanced fertliny
o keep vines green
uniil shortly before vine-kill.

Pre-harvest Preparation

Train all harvest personnel
abowil Bhruise prevention,
Training videos are available
al universily exkension
olMices.

Insiall padded chains on
harvesting and handling
equipment, and replace when
WO

Adjust harvester chain
conveyor spead in relation o
ground speed (o maintain a

Tull. uniform Mow of pola-
oes on each conveyor.
Contact an extension aflice
for miormation on making
these adpustments,

Install padding on the har-
vester al points where pota-
oes may be brujsed.

Adjust digger blade height
on harvesters and
windrowers so podatoes do
nol bump into the: front of
the primary chain.

Vine-Kill

L]

Eill the vines foureen o
Iwenty-one days before
harves 1o allow the skins o

properly mature. For

blackspot bruise prevention.

kill vines before 40 percent
of the vimes have died.

Apply a pre-harvest
irrigation at least one week

before digging 1o sofien
clods and rehydrate tubers.

Harvesﬂng

Harvest potatoes only when
wber pulp Eemperaures are
45°F 1o 65°F

Eeep drops 10 a minimum,
Avowrl using cham shakers 1o
separate soil and clods on
harvesting equipmeni.

Keep harvesier boom close
o Lthe pile on the truck.

Do ol wealk o6 paod aloe 5
while puming on the tarp.

At the Storage

Pile polsioes i o sinir-siep
manner 1o prevent roll down
on the pile face.

Keep drops 10 a minimum.
Maintain high humidity in
storage unless drying is
required o control rod

problems such as late blight
OF Waler oL
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Preventing Potato Bruise Damage
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Michael Thornton & William Bohl

Potato bruising is a serious
problem in the potato indusiry.
The effects of bruising are feh
by every handler and consumer
of potatoes and are & mapsr
economic dram on the industry.
Potato bruising is estimaled o
cosl the U5, potato industry o
least 5298 million anmually,
Most of the cost of bruising is
evenlually passed back w the
grower in the form of lower
prices, reduced demand, and
incressed storage losses,

Bruising costs the polato ndus-
Iry because il

*  InCresses storage losses due
o shrinkage and disease

»  meneises labor costs Tor
rimming and nspecting

= increases the cost of the raw
product through greater trim
losses

+ Jowers the quality of the
final prosduct

merenses the meidence of
disease and decresses shell
lif

* reduces the appeal of fresh
potatoes 10 wholesale and

retal customers

With bruise -free incentive
clauses in processor Coniracs
and an mcreasing emphasis on
limiting external grade defects

in all markets, growers need o
develop season-long manage-
ment plans 1o prévent brosing.
They should be especially
aware of four [actors ths have a
ma por influence on the amount
and severity of bruise: (1) soil
conditions, (2} wber condition,
{3) equipment mainienance,
adjustment . operstion and
modifications and (4) magni-
ude of wher impact.

Types of Bruise

There are four major types of
polato bruse damage: skinning.
blackspol brusse, shatier bruise,
and pressure bruise (Fg. 1).
The first three result from the
potato hitling objects, such as
equiprment., chwds, rocks or other
wbers during harvesting and
handling operations.

Skinning or “feathering” often
resulis from handling immasiure
potato wbers, resultimg in the
skin being scuffed and rubbed
o, Tubers with skinned areas
that have wrned dark as a result
of exposure 1o wind. sunshine,
or dry air (“scald™) may be
unaccepiable for the fresh
muarket,

Blackspot bruise occurs when
the impact of & potato wber
against an object damages cells
in the tissue just beneath the
skin without actually breaking

the skin. Within 24 10 48 hours
the damaged tissue tums dark
gray 1o black in color, but can
be seen only after peeling the
polato,

Shatter bruise resulis when
impacts cause cracks or splits in
the potato wber skin. The
cracks may extend ino the
underlying tissue. Diseases such
a6 Fusarium dry rot, early
blight, and bacterial soft nol
easily invade whers that have
shaiter bruise,

Pressure bruoise develops in
storage. causing a (latiened or
depressed area on a potalo
wber. It usually results from
tuber dehydration (water loss)
caused by bow s0il moisture
before harvest and/for by inad-
equate humidification of venti-
lation air in storage. Polaoes
with pressure bruises may not
be acceplable for the fmesh
muarkel

Recenily, another iyvpe of bruise
called “white knot™ has been
reporied in chipping potaoss.
The damage appears similar o
blackspot, except the dark
coloration is lacking. White-
knot bruise tends o form a hard
spot when the potatoes ane
processed, The exact cause of
white-knot bruise has nol been
determined.
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Figure 1. Types of bruise that ocour on potatoes

Bruise Prevention

before Harvest
Pre-plant
Utilize crop rolations that
iNcresse soil organic malier
levels o reduce 2oil crust
formation. improve waler-
holding capacity and keep soil
thhi the best for bruise feduc-
ton. Organic matier will also
help improve soil ke xiure,
réduce clod Formal son. and
prevent waler puddling,

Spring plowing. disking. or
cultivating of wet soil resulis in
the formation of clods. particu-
larly in heavy 1exiure soils.
These clods persist through
horvest and nenesse Uhe levels
of blackspot, shatter bruise, and
skinning, IF possible, deep rip or
chisl plow the previous fall o
break up hard pans. Soil freez-
ing and thawing will help soften
clods brought 1o the surface

during deep ullage.

Remove stones from the Nekd
before planting o help keep
rocks from being buried in the
polato row M planing. Stone
removal afler planting helps.
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Figure 2.

Tuber Hydration Level larisn)

Effect of tuber hydration lewel on potential

backspot and shatter bruke sesceptibility of
Russet Burbank potatoss (45° to 507F). Sewroe:
Thornton, R E., O, A, Smilttle, and C. L,
Petterson. 1973, Raducing Potato Damage Durning
Hawest, EB &46. Washington Sate University

but gening the job done before
is more eflective.

At Planting

Timely planting will allow the
crop Lo reach desired maturity
before harvest, thus reducing
susceptibility 1o bruising. Avoid
excessive nitrogen fertilization.
which delays vine maturity and
can mncrease luber susceptibilivy
1o bruising o harvest. Provide
adequate fertilization, particu-
larly of potassium and calcium.
Deficiency of these nutrienis
can affect the ability of the
wher i heal wounds and Gght
disease. and may increase
suscepli blity 1o blackspot
bruse,

Manage cutiing and planting
operations o achieve a uniform
plant stand. Erratic stands mean
more variable tuber size and
malurily, resulling in greater
bruise susceptibility. Uniform
stomis result in more uniform
tuber (low m the harvester,
which resulis in less bruising,

Set and operate marking out and
planiter operations 1o achieve the

proper spacing between rows,

especially between & TOWS.
Use a modified tillage bar
behind the planter W break up
planter wheel racks and reduce
early-senson clods,

Effect of bruising on seed

Sead tuber and seed piece
handling practices can affect
performance m several ways,
Rough handling increases the
potential for decay and physi-
oblogical aging. Physiological
aging resulis in increased siem
numbers, and lower yields,
However, the actual impact of
bruise damage on =l produc-
uvity depends on many faciors,
including seed quality. variety,
and environmental condit ons.
Therefore, it s dillicult 1o
predict how brussing will affect
seed performance,

Because of cold handling
lemperalures and the number of
operalions associaled with seed
ransport, care ful handling by
both seed and commenc ial
growers is essential for reducing
the level of seed damage.
Surveys conducted n ldaho
during 1993 and 1994 found
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that approximately 50 perncent
of the bruise damage on seed
lubers occurred during harvesi:
30 percent occurred during
soring. transport, and receipt by
the commercial grower: and the
other 20 percent oocurred
during the culting operation.

Vine management

The goal of vine management is
1 condition wbers in prepara-
tod for harvest. To minimize
bruising. allow adequate time
for wber skins 1o wughen. Rale
of skin development is not
always related 1o rate of ving
desiccation, Skin development
will progress slowly under cool
or damp soil conditions, even
after rapid vine desccation.

In fields where vine rolling is
practiced, wher domage may
occur from conilact with stomes
im thie hill, The benefits of vine
rolling must be considered on a
field-by-Neld basis. Do not moll
vines if there are many sharp
stodies i Lhe Neld. Vine beaters
must be carelully adjpusied 1o
avoid damagmg wbers in hills,

Bruise Prevention
at Harvest

An imtegrated approach is
required 0 maximize the
percentage of bruise-lree pola-
s This involves harvesting
under as nearly ideal iempera-
ure and soil moisiure condi-
lions as possible, along with
maiching the volume of mae-
rial Mowing through the har-
vesler W ils capacity. Speed of
oonve yors on Lhe harvester may
need adjusting 10 keep a full
violume of matenial Mowing
through the harvesier,

Soil moisture

I soil is dry, irrigaie lighily
before harvest 1o soflen clids so
they break apant rather than
scrape againsl bers in the
harvester. Dry, sandy soil will
separate (oo rapidly from whers
on the primary conveyor,
reducing the total load (soil and
ubers) on the conve yor,
Underloading the harvesier
CONYEYOrs increases luber
damage. A light irrigaton 1o
moisten the soil can partially
overcome problems with exoess

Figure 3, Effect of tuber tem peratum and hydration level
on shatter bewise and back spot boise
susceptibility of Russet Burbank potatoss.
Sowrce: Thornton, K. E.. O, A Smiitle. and L. L
Petterson. 1973, Redwcimg Poloto Domage During
Hawest, EB 646. Wahington State University

soil separation, IF arigation is
oL an oplion of 15 nol used,
inc rease the forward spesd of
the harvesier i increise the
koad of tubers and sodl od the

primary and secondary convey-
Ors,

Conversely, when soil is 1o wel
a harvesi, the total load of soil
on the conveyors increases,
Excessive soil can be e liminated
by using shakers w increase bed
agritation, bul this increases
wher damage. A betier oplion is
o decrease the lorward speed of
i harvester o reduce the soil
lnad on the primary and szcond-
ary conveyors, Soil should be
carfied 1o the end of the second-
ary chains.

Tuber condition

Three wber physical conditions
affect the susceplibility Lo
bruisimg at harvest: (1) maturty,
{2} hydration (iuber waier
conient) and (3) tem peraiure,

Maturity-Immature tubers are
very susceplible o skinning and
shatter bruise when harvesiad.
Mlmtuire tubers can be acheved

3
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Flgure 4. Effect of time of day on potential bruke damage
in fall-harvested Russet Burbank potatoes,
Source: Thomton, B E, D. A Smittle, aad L. L
Petterson. 1973, Reducing Potmio Daowmage During

chain,
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Harvest, EB 648, Washinglon State s hversity

by delayving harvest up o thres
weeks after vime kill. The actual
trme required for tuber matura-
tom and skin st 15 influenced
by environment. cultivar, plant
vigor, fermility, and the presence
and severity of foliar diseases,

Hydration-Soil moisiure a
vine kill and harvest affects
wber hivdration kevel, Limp
(dehydrated) tubers are mone
suscepli ble 1o blackspot. Crisp
(hydrated) whers are usually
mione susceplible o shatier
bruise (Fig, 2). Potatoes har-
vested st low temperatures
bruise less when the wber
hvdratson kevel 15 betwesn limp
(dehydrated) and crisp (hy-
drated) (Fig. 3. point a). When
wher iemperalure changes, the
wher hydration level resulling
in the lowest bruise changes
dramatically (Fig. 3, com pare
points a, b, and ¢}, Eapid
changes in wber hydration can
occur when there is an absence
of rainfall. or irrigation is
discontinued while planis are
growing prior Lo harvest

Follwing vine Kill, iubers can
become dehydraied and very
&

susceplible 1o blackspot bruise
when soil moisure content falls
below 30 percent. Applyving a
condilioning irrigation prior o
harves can rehydrate whers.
Research n Idaho has shown
that on a silt bvam soil. irriga-
ton should be applied ot keast
one week before harvest o
commpletely rehydrate whers and
meimimige blackspol susceplibil -
iy, In regions where rainfall
salurales the soil during harvest,
lbers can hydrate and become
very susceplible 1o shatter
bruise. If necessary, delay
harvest until the soil dries
sufficiently,

Temper ature—General Iy, as
luber em peralure increases, kess
bruise occurs. This is most
dramatic in highly hydrated or
dehydrated tubers (Fig. 3. points
d and e}, Tempersiures between
S0FF and 60°F are considered 1o
be bes for harvesting and
handling wbers Temperalunes
above 65°F are considered
undesirable because of the
increased risk of tuber decay in
ims,:.

Figure 5. A digger blade angled into the front of the
primary comeeyor (left) jams tubers into the

A blade tamgent to the primary [right)
kess bawising.

Tuber lemperature and suscepli-
bility 1o bruising are influenced
by the tme of day (ubers are
harvested. In the fall, low early
moming soil iemperatures result
in the highea amount of broise.
In mid-afiemoon. higher soil
and polato tuber emperatures
reduce tuber dumage (Fig, 4).

Soal tempe ralures in imdividual
felds may vary from regional
soil temperatures due W soil
waler and organic matler con-
tent, soil texiure, slope, aspect,
and localised env imonmental
faciors, Soil or uber empera-
res in a speci fic Neld ane
imponiant considerations in
deciding the best lime 1o harvest
ML,

Harvester operation
Hurvester evalualtions have
shown that the most imporiant
facior influencing bruking is
the ratio of ground speed o
conveyor speed (Table 1), Thess
studies have shown that bruis-
ing is minmized when convey-
ors are kepl full of polaloes or
Tull of potatoes and other
musderial, Ofien the harvesier




Table 1. Conveyor speed bo ground speed ratios for harvesters and windrowers. Modified from G M, Hyde, B, E.
Thormton, J. A Francis, and R E. Hermanson, 1900, Potato Harester Chain Speed Adjustment. EB155E,

Washington State University.

Yield fcwd/acre)*

Lamveyor 200 o] 400 500 H00 100
Primary, sandy sall 10w 0.2 1.0 1.2 101 1.2 1.0 1.2 10w 1.2 1.0 1.2
Primany heaw sail 1.210 1.5 1.2t 1.5 1.210 1.5 1.2t01.5 1L2t0 1.5 1.2 1.5
Secondarny” 5 &5 5 A5 B4 A5
Rear crossover and

Side aevator .30 Al 50 S5 B0 )
Boam .20 i) 40 S 55 Ei

* Speed should be no tlower than 100 feet per minute to svoid back-feeding.
¥ Yield of tubers entering the hanmiter, When windrowing, add the additicnal vield to the volume entering the harvester
(Ex. A two-row harvesier combined with a two-ow windrower in a field yielding 300 cwt/acre is picking wp the equivalent

af 600 owt facre).

ground speed is 1oo slow for the
conveyor speads, Increasang
groand speed by shifting the
Iractor iransmission 10 a higher
gear can speed up harvest,
increase and smooth out the
Mow of whers through the
harvester, and reduce twber
damage, Individual conveyors
are ofien at the wrong speed
relative o the speed of the
precedimg or following con-
veyor, Adjust the ratio of the
individual conveyors w each
other and o the forward speed
by changing the conveyor
sprockets

Harvester operalors shoukd be
taught 1o reduce bruising by
managing the harvesier prop-
erly. Careless operation of a
harvester, such as leaving the
boom too high above the pile of
podatoes in the ruck, can cause
significant ber damage.
Moneiary moentive progrims
hased on uber damage level
have been successiully usad o
midivale operalors W reduce
bruising.

Windrower operation
Advaniages of windrowing
potatoes include more efTicient
use of harvester capacity and an
increase in harvesting efficiency
{acres per hour) sl a lower cost
when com pared 1o operation of

an additional harvester, The use
of windrowers o increase the
Mhow of material ingo the har-
vester can also reduce bruise
damage by increasing the
volume of whers on the primary
and subsequent conveyors,
However, this benefil is some-
times mol realized because
windrowers are ofien operaled
ina manner tha mcreases
bruising. Using the same ¢hain
speed 1o ground speed ratios
deve loped for harvesters (Table
1} can reduce bruise damage
caused by windrowers,

Harvester modifications

Harvestier equipment modifica-
tons can further reduce potalo
bruise.

Blade-Position the blade and
primary bed nose cone rollers
s0 that potatoes low onto the
upper surface of the conveyor
rather than bumping into the
front (Fig. 5). Hinged metal
plates or fingers anached 1o the
back of the harvesier blade 1o
bridge the gap between the
blade and the primary conve yor
have been used 1o accomplish
this, IT bulkdozing and spill -oul
oocurs due o the steep angle of
the blade. elevate the front of
the blade and lower the front of
the harvester w achieve the
desired digging depth. In some

cases ihe proper alignment of
ihe fromt of the primary and the
rear of the blade can be
achieved by lowering the nose
oone rollers of the primary
CONVE yOr.

Blade design needs o be
maiched 1o the soil type, soil
condition, presence of plant
rocds (especially al falfa and
weeds ). and depth of the whers.
In general. the blade should not
be more than 18 mches in
length, with 24 degrees as the
maximum angle of il from
horizontal. Improper blade
design, a dull klade, or one tha
is nol scouring fmeely can resull
in Failure of material 10 move
smoothly through the throat of
the harvester, which increases
the amount of wher spill-out
around the sides of the primary
OO VOO,

Conve vor chain-Belied, hook.
and Linderman chains all have
advaniages and disadvantages.
Chain durability can be signifi-
canmly affected by soil and
operating conditions, Beled
chains generally cause the least
amount of bruise damage.
especial ly on secondary, side
elevator and hoom conveyors,
where poatoes ofien suffer
injury due o link pinching.
rollback, and bouncing. A

5



disadvantage of belted chains is
that they do nod eliminasie as
much soil as a hook chain of the
same pitch, A wider pitch behed
chamn may be required 1o
achieve the desired amount of
sl separation.

Use alink pattern of three or
four down links and one straight
link on all inclined conveyors
such as the primary, secondary,
side elevator, and boom o help
keep polatoes away from the
sides of conveyors. The pocket-
like configuration of the ¢hain
improves tuber Mow by reduc-
g the endency of polaoes 1o
rall back, This is especially
imporiant when harvesting
round varieties, Using down
links instead of Mighis also
minmmizes the drop from the
back end of one conveyor onto
the next conveyor. A mixture of
link patterns mcreases soil-
separalion capacity, reducing
the need 1o use bed shakers,
However, certain mived-link
patterns, particulardy one-up and
one-down, can greatly increase
wher damage due 1o link pinch-
ing.

Chain links are available with
muny iyvpes of coatings, Maost
coalmgs work on & simi lar
principle, with soft matenials or
air pockets absorbing some off
the impact from polaloes as
they fall onio the chain. Chain
coatings can reduce the capacity
i eliminate soal by decreasing
the space between links, a [acior
that should be considered when
determining cham pitch. Dura-
bility is also a&n mporian
consideration when determining
which chain coating is best
suited for a particular operation.

Rolle rs—All rollers on an
individual conveyor should be
the same diameter, excepl
where variation in roller size is
used o lower drop heighi
between conve vors. Roller size
and mounting location shoulkd
be such that humps in the
oonveyor bed are mimimized 1o
prevent wber rollback. Using
amall conve yor bed rollers and
head shafi sprockets will mini-
i 22 the heighi and slope of the
conveyor, resulling n reduced
drop height and tuber roll back.
Replace wom rollers as needed.

Primary-On harvesters with
split primary conveyor beds,
cover the center suppon har
with padding 1o reduce impact
and move polalses away from
the chain link ends. This modi-
fcation is especially valuable
when a windrower 15 useéd in
oconjunction with the harvesier
because & larger portion of the
tubers fow onto the center of

the primary CONvVeyor,

Just enough so0il shoulkd carry
over onto the secondary con-
veyor 1o cushion the impact of
tubers as they drop from the end
of the primary, Whenever
possible, the primary conveyor
should be ope rated without
shakers engaged. IF shakers
must be engaged. use hydraulic
shakers that can be regulated by
the operstor from the ractor.
Reduce the distance that bers
drop Irom the primary Conve yor
onio the secondary conveyor by
lvwering the discharge end of
the primary CONvVEyor.

Secondary-A sloped de lector
msialled on each side of the
harvester where tubers ane
dischamged from the primary
conve yor onko the secondary
conveyor will divert lubers
away from the sides of the
deviner and secondary conve y-
ers. Cover the center suppor
Tar o splat bed secondary
conveyors with cushioning,
Replace this cushioning fre-
quently because il lends w wear
oul rapadly. Modifving the
position of the deviner ¢hain
(see Deviner section ) causes Lhe
links 1o perform the robe of
Mights. Doing this, along with
removing fighis [nom the
secondary chain, will further
reduce the drop height from the
primary conve yor onio the
secondary conveyor,

The upper énd of the secondary
conveyor can be modified 1o
minimize the drop o the rear
croasover conve vor (Fig. 6).
Using smaller rollers at the
dischamge end of the secondary
conveyor, coupled with lower-
ing the secondary bed or raising
the rear CrOSSOVEr COnveyor.
reduces the drop height onto the
PENT SIS SOVET,

Deviner-Bruising frequently
occurs on harvesiers and
windrowers when wbers strike
the links of the deviner chain,
causing the tubers 1 bounce or
wmble several times be fore
Talling onio the secondary
conveyor, Cover the deviner
chain links with cushioning
maderial. To minimize bounc-
ing. tumbling. and rollback on
the secondary conveyor, remove
or reposition the first ong or [wo
sets of deviner rollers so that the
front part of the deviner chain
rides on Lop of the secondary
chain, In this position the
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Figure §. Modification of the secondary conveyor resulting from moving the

headshaft sprocket.

deviner links act like Mighis part
way up the secondary conveyor
{Fig. 7). Now the lights in the
secondary chain can be re-
moved. enabling the drop height
from the secondary o the rear
crossover 1o be reduced, A
prerequisite 10 this modifscation
i that the deviner and second-
ary chains musi be moving at
the same speed, which may
require changing sprockets of
the secondary or deviner.

Another option is 1o elimmnale
the devimer chain and msiall a
blower between the secondary
and the rear Crossover o re-
move vines, Flowing air from
the hlower can improve the
distribution of tubers on the rear
CTORSOVEL

Rear crossover-Because the
relatively long drop from the
secondary o the rear crossover
iz combimed with a change in
luber Mow direcion. substant ial
lwber damage can occur at this
transfer poinl. To reduce bruis-

ing, the rear crossover chaim
should be coverad with a mate-
rial that provides maximum
cushioning.

Another place of mjury on
many okler harvesiers is the
inside comer where the ofT-load
end of the rear crossover meeis
the side elevator conveyor., IF
the load and distribation of
tubers are not correct. whers

often get caught and severely
damaged in this comer. The
problem can be resolved by
installing a padded shield 1o
cover ihe hole or by extending
the rear crossover so the head
shaft is aligned with the inside
edge of the side elevator con-
veyor ¢hain.

Side elevator-The kength and
shope of the side elevator con-
veyor ofien results in wher
rollback and njury. Flighes
placed at eight link mervals in
the chain can help reduce
rollback more effectively than
Mights placed farther apanr,
Flights that are stiffer or heavier
al the place where the y extend
over the belied or hooked
portiod of the chaim help raduce
rollback of tubers along the side
of the conveyor. IT the ends of
the Might are tom loose or ane
not still enough W carry wbers
withoul rollback, the gap be-
tween the edge of the chain and
the side of the conveyor bed
shoukl be coverad or closed by
altaching 1 mch x 4 mch woad
sirips o each side of the con-
veyor. The lower end of these
strips needs 1o be bevelad so
that wbers do not get caught

Damﬂ'
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Deviner chain positicning for reduced tubser damage.



agamnst its edge. The wood strip
should also be covered with
cushioning material,

An allernative is to remove the
Mights and install a hugger bel.
I the volume of materal on the
side ¢levator conve yor is unusu-
ally heavy, a hugger belt with
JM-inch risers can minimize
tuber movement, Eliminating
the flights on the side elevaior
allows raising the lower end
under the dischamge end of the
rear crossover, Removing the
Mights on the side ebevator
conve yor also allows lowering
the drop from the 1op of the side
elevator onio the clod elimina-
o or soring table.

Clod eliminator—All ¢lod

el iminator Lables are a potential
source of injury, paricularly o
long tuber varieties such as
Russet Burbank, Avoud using a
clod eliminator table unless the
dirt tare penalty exceads the
bruise-free incentive or il there
is excessive din in the wuck.

Regardless of the roller type.
wbers can be bruised when they
bounce, moll, or iumble while on
the clhxd eliminator table, or
when they off-load onio the
nexl conveyor, The amount of
bruising depends much more on
rolation speed than on rol ler
design. The comect roller speed
5 one thal moves whers al least
the same flow rate as the side
elevator conveyor without uber
bouncing. Angling the clod
eliminator table slightly down
wwards the sorting table also
aids im the Mow of tubers across
the wable.

Sorting table-Tuber injury
frequently occurs on the sorting
table when (he profeciive

covering along the sides be-
ommes worn. On some harvesi-
ers, Manged rollers locaied near
the boom end on each side of
the sortmg table beoome ex-
posed when the malenal cover-
ing them wears oul. Tubers that
calch behind these rollers may
star wmbling or be cut by the
NMange. Replace the covering
over thiese rollers when they
show signs of wear,

Some harvesters have metal
deflectors anachsd 1o the sides
of the sorting table 1o funnel the
Mow of whers away from the
lable edge. Tubers may get
caught undemeath these deflec-
tors and get pinched, scraped, or
cul. The shape and position of
these deflleciors may nesd Lo be
meodi Ded 1o eliminate this
damage.

Boom-Installing a hugger belt
(see sugpestions for a hugger
belt under Side elevator) will
reduce wber rollback on the
boom conveyor. IT a hugger helt
15 mol used. rollhack can be
reduced by installing Mights
with sufl ends every 12 10 16

The harvesier operalor musi
keep the drop from the end of
the boom w the wher pile in the
ruck as low as possible without
the end of the boom wuching
the pile. This is a very difficult
task, especially considering the
other demands for the harvester
operator’s attention, Installing a
reliable and accurate electronic
boom control device W control
automatically the height of the
boom conveyor allows the
harvester operator 0 focus on
other operating parameters that
reduce bruise damage.

Bruise Prevention
in Potato Piling
Operations

Successlul bruise prévention
programs should not focus only
on the harvesting operation, A
significant amouni of bruising
injury can occur during iruck
unloading and pilimg.

Tarping the truck

Avord walking on polaloes in
the truck while spreading the
larp because this causes sub-
staniial tuber damage. IT walk-
ing on tubers is unavoidahle,
wearing sofi-soled shoes o
reduce damage, Mechanical
devices for larping loads elimi-
nate the need 1o walk on the
polatoes.

Unloading the truck

Manage the truck-unloading
CONVE YOr (0 Mainiam a constant
and uniform Mow of polatoes
onioe the receiving equipment, Tt
may be necessary o change the
motor pulley size o achieve the
desired unloading speed.

Stinger position

Keep the receiving énd of the
stinger as close as possible o
the truck unlomsding beb, Older
stingers may need remode ling,
such a& reposilioning Lhe chain
shield or cuning down the edge
of the receiving bowl. in order
1o reduce sulliciently the drop
height from the unloading belt
i the stinger and from the
stinger o the ncline elevator of
the piler.

Soil elimination

Carrying excess soil and clods
il the truck mereases fuel
oosls, and adds o labor and
éqjuipment costs of the
iransloading or storage siké,



Ideally. most of the loose soil
and small ¢lods should be
eliminated on the harvesier,
with the mapority separated
froam the wibers on the primary
chain, Lamge clods are difficult
I separate from wbers withoun
causing bruise damage. and
oflen end up in the load unless
manually removed. However,
labaor shorages, ncreasing |abor
costs, and safety and eficency
issues are forcing many polalo
harvesting operations o seanch
for allernatives 1o manual
soriing al the harvester. Me-
chanical methods such o roller
tahles, revolving drum separa-
tirs, mnd Musdiead sond bads wre
being used whene rucks are
unloaded o eliminate sodl,
clods, and rocks. These meihods
are effective for removing Lare
mglerial from polaloes, but they
also may contribule 10 bruising
il not properly operated.

Piler

Adjust the piler chain or beli
spead so the piler operates o
full capacity with an even Mow
of potatoes, which will reduce
the effective drop height at
transfer points. Keep the piler
boom as close as poss ble 1o the

potato pile, A common msiake
i5 1o move the boom away [rom
the pile 1o allow time 0 aco0m-
Plish other tasks or 0 avoid
having w give the piler cons s
attention. Such inatention

NG reases polato damage from
longer drops: resulis in a greater
tendency for portions of the pile
i slide down: and makes o
more dilficult 1o keep the boom
continuously close to the top of
ihe pile. Progresive or slepwise
piling reduces the amount amnd
distance of rollback and also
keeps the wp of the pile more
uniform (Fig. 8).

Reducing Effects
of Bruising

Shatter bruise increases the
potential for wher decay and
waler loss because the broken
skin no longer provides a
prifeclive barrier. Proper
siorage management is critical
for rapid wound healing, which
reduces the harm from shatier
bruise and skinning. Wound
healing is improved by oxygen
availabality, 95 percent or miore
relative humidity. and empera-
lure between 55° w 60°F, While
wiound healing s more rapid ot

higher iemperatures, the rale
and amount of decay also
increases significantly, Free
moisiure on wber surfaces
restnicls availability of oxygen
and slows, or halis, the wound
healing process. Wound healing
should be completed in 1 w0 2
wieeks under proper conditions,
after which a sproul mhibator
may be applied,

Bruise Prevention

in the Warehouse
Grading and packing operations
often mcrease bruise in [resh
market potatoes, A high level of
bruise may lead o rejection of
shipments at their destinations
and 1o lost sakes because of
dissatisfied customers. Free
waler inside the bag and inside
potato cuts and bruises can
inc rease decay, When potatoes
are packed m bags while wel, or
when moisture condenses on the
inside of bags, bruised potaines
ofien develop bacterial sofit rol,

One way shippers can play a
direct role in reducing losses

due 1o bruise s by adjusting
equipment and handling opera-
tions Lo minimize wber injury

Figure &, Progresiive potato piling procedure,



during packing. Most modifica-
tions recommended for packing
operations involve simple
techniques already used o
reduce bruising during harvesi.
Underloaded equipment. exces-
sive drop height. lack of cush-
ioning. low wher pulp lempera-
ture, and rough handling during
pallet stacking and transpon
lowdimg are all faciors that
contribuie o bruise during
packimg

Run equipment at capacity
Bruise during the packing
operalion is oflen associated
with the underloading of con-
veyor belis, elevalor chans, and
sizing rollers, A full capaciny
load of potaoes MovVIng across
a drop between pieces of equip-
ment does nol experience (he
full force of that drop because
some podatoes cushion the fall
for odthers. Conve yors shoulkd be
filled 1o capacity by slowing
belt speads or by ncreasing
volume, and by matching the
speeds and capacities of each
CONIVE YO 10 ENsiire & Comnstant
strearm of potatoes throughout
the packing line. Even-flow
bins provide a good way of
keeping the volume of polaloes

Mowing into the packing line o
a constani level. The spead of
the rest of the packing equip-
ment can be sel al a rate tha
ensures operation al full capac-
iy when there is a constant Mow
ol potatioes,

Reduce drops

The grestér the drop, the larger
the brusing force, and the mone
likely that a bruise will occur,
Considerable bruising can ocour
where drops are greater than 6
inches, especially when the
drop area is on belting sup-
poned undemeath by a hard
melal roller or plate. Moving
the metal roller or support plade
just a few mches o allow
potatoes o fall onlo an unsup-
poned portion of the belt will
reduce bruising. An aliemaive
is 1o install a padded ramp
between conve yors allowing
potatoes 1o slide down 1o the
next conveyor rather than fall
the éntire distance. A hanging
drape made of thin belting srips
can be used o slow the speed of
the polatoes a8 they down slide
the ramp {(Fig. 9.

Steeply inclined convevors with
Mights generally cause damage

because of the exira clearance
required between [ighted
conveyors, and the tendency of
the Mighis (o throw potsoes
ofio the next bell, Using shorer
Mights or hugger belis reduces
this problem.

Excessve drop heights are often
found where polatoes are loaded
into even-Mlow bins. Reduce
bruising in even-flow bins by
keeping them full at all times,
and using an automatic height
sensor on the loading conveyor.

Brusing may also occur at the
end of the packing line when
workers siack bags or boxes
onioe pallets, Packaging maierial
provides very litthe protection
for whers that are dropped more
than several mches onto hard
woid or concrete surfaces,

Use cushioning

All areas where potatoes strike
a hard surface in the packing
line should be coverad with
cushioning material fastenad
with round-headed. non-pro-
ruding fasteners. The cushion-
ing material should be thick
enough o absorh the weight of
ihe potato twber and o preveni

thin belting slrips

Figure 9. A cushlomed ramp reduces the drop between comeyers
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it from striking the hard surface
undermeath, Closed cell fonmumn
maierials are recommended
because ithey readily absorb
enemgy and resist mii sl une
uptake. Use cushioning material
with a durable surface. Fre-
quently check for wear and
replace the material as needed.

Warm pototoes

before moving

Cold polaioes ang more suscep-
lible o bruise njury, Because
uber pulp lemperatures will
iypically warm only a few
degrees during packing, pota-
o2& coming oul of cold sworage
should be warmed o at least
45°F before being handled.

Bruise Detection
Methods

To identily harvesting or han-
dling equipment that is causing
wher injury or 1o isolale prob-
lem locations on indivdual
peeces of equipment, i is
eazential o measure s moni-
1o tuber bruise damage, There
is no standard guideline for the
number or size of samples that
ghiouilbd be vaken. bat the done
oflen measuremenls ane mads
and the larger the sample size,

the maore accurate Lhe resulis

Heat method

Smoee the development of the
dark pigment in blackspot
bruise is a chemical process,
increased temperatures will
speed up the rate of develop-
ment, For example, blackspot
normally 1akes 48 hours 1o
develop o room emperaiure,
but takes only 6 1o 12 hours at
an air iemperature of ¥0°F. By
the ume blackspot develops n
the A8-howr 1est, conditions
could have changed. Therelore,
lesting ai higher tempe rsures is
preferred. An aliernaie method
is 10 soak podatoes in 140°F
waler for 10 minutes, Tubers
can then be peeled and evalu-
aled for blackspot afler six
hisurs,

Instrumented sphere

Tuber injury 15 wsually caused
by potatoes siriking a hard
surface. Impacis ocourring as
polatoes are harvesied and
handled can be measured with a
device called the nstrumeniad
sphere (15). The I5. developed
by USDA researchers al Michi-
gan Siate Universily, ooniains
electronic equipment that
measures and reconds accelera-
tion data during impacts, The
stored data is then downlosded

into soft ware on a personal
compuier that provides chaning
and data comparisons with
damage thresholkls that have
been developed in the labora-
tory. Damage thresholds are
very dependent on variety. luber
lemperature, drop height, and
impact surface.

Educate
Preventing potato bruising is the
responsibility of everyone in the
potato indusiry, Potatoes may
be bruised any time they are
handled. and even growing
conditions may affect susceti-
bility 1o bruise damage. All
people mvolved with growing,
harvesting. packaging. or
shipping potatoes should be
educated about their role in
minimizing bruising, Producers,
packers, and shippers should
irain emplovees aboul what they
A iy b T S Pl alo
bruise damage.

This publication on preventing
potato bruise damage, along
with cdher educational materials
such as bulletins and videos
available from your university.
can be used o train employees
about handling potatoes 10
minimize damage.
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Sources of Additional Information

University of Idaho Publications
BUL 804, “Fresh-Pack Potatoes, Handling.
Packaging, and Transportation in Refrige rated
Railcars™
Potato Vine Killing, CIS 759. 50¢

Poterre Harvesring and Handiling Ope rafions for
Cualiry, Efficiency and Safery, CIS B35, 50¢

Videotape, “Polato Bruise Prevention:
#1 The Harvester™

Videotape " Potalo Bruise Prevention:
#2 Harvester Chain Adjustment™

Videotape " Potato Bruise Prevention:
#3 Handling”

Videotape, “Polsto Bruise Prevention
#4 In Fresh Pack YWare howses™
{Order videos for 329.95 cach
or 599 95 for the set of four, availabie in
bath English and Spanizh versions |

UT publications can be obtain from Agricultural
Publications, University of Idaho, Moscow, 1D
83844-2240; TEL 208 B85-T982: FAX 208 885-
048, email ckingim uidaho.edu; website hitp:
info.ag uidalo,edu. Videos are available from Ag
and Extension Education, Video/Thisance Ed
Ui, University of Idaho, Moscow, 1D 83844-
2329: Tel (208) BE5-TOES: Fax (208) BE5-5029,

bt i fetemnce of cooperatve esbension wori i g

Washington State University Publications
EB 646, " Reducing Podato Damage During
Harvest™

EB 1080. “Reducing Potato Harvesting
Bruise"

EB 1558, “Potlato Harvester Chain Speed
Adjustment™

WSL publications are available from Bulletin
Office, Washington State Universaty, Pullman,
WA 99164-5912; (509) 335-2857

University of Maine Publications
Bulletin 2160, “Prevent Polato Bruising
During Harvest™

Bulletin 2149, “Potsto Bin Piler Selection to
0 sion™

Bulletin 2414, "How o Calibrate Air Harvesi-
ers for Maine Conditions”

UM publications are available from State Publi-
cations Office, 111 Libby Hall, University of
Maine. Ovono, ME 04469, (204) 581-3189.

Potato Bruising - How and Why Emphasizing
Black Spot Bruise.”

Running Water Publizshing. 523 Oakdale Dy,
Haslett, M1. 48840

and [mome ecomomics, Aot of By 8 amd Jeme 30, 1914,

i aesspeantios with the U S Departmest of Agricultess, Loty I L, Drector of [oceea B Ervieanion Syuten,

Usne= ity of [daho. Moow, Jdaho 81844 The Unvesity of laho povides egal

i e tion and employment o Bw bis of mor. oolor.

mdigion, axtional origin, age, gender Jhaill My o sates 254 Vel n-em velan, 45 reguired by siite and fedeal Lass.

1,500 1208 (revised); 200 1995 (mprint); 3,200 1991 (reprint)
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