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INTRODL CTTOXN

ns e frequently made by produee deaders of danmge ta
Sotndgies ne% 1o the floor or floor racks of 1he railvond ears und trocks
n which they arve shipped. During the winter the injury often is
attributed <o freezing: at other times it may he arteibuted 1o the
action of =, fertilizer. or other chemicals present on floors or walls
of carrierse) 16 has been determined that n most eases sueh damage
is caused by hrniging when the potatoes are pressed or jolted. by
welght of the foad and movement of the car. aqgalns=t the Hoor amd
walls of the carrters in which they are shipped.

AN suelh injured polatoes that have been examined have shown
unniistakable siens of beaising, which varcied from anbrolen but flat-
tened urens plaidy showing (he imprint of the bag to badly hruised
areas,  Injury of = ty e oceurs only in potatoes loaded in sacks or
in bulk.,  In som graw,ng sections, bushel hoxes o erates have re-
cently come into vather senerat nse as shipping containers. However,
no transit injuries such as deseribed herein bave been reported in
shipments made I hese coniainers,

Rubmitted for puhlication Augos=t T4, TH85 Reviston =obinitned duly 10, 1951,

HN0REe 52— 1
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DISCUSSION OF PROBLEM

TrANSIT BRUISING

A common method of loading sached potutoes in cars is to pile
the bags five or six stacks high on their sides. Another method is to
stand the first layer of Lags on end and then place two or three
layers of bags on their sides over the first Tayer. The pressure thus
exerted on the potatoes next to the floor may range from 200 to 360
pounds per square foot.

As shown hereafter the amount of bruising injury caused by this
pressure depends not only on the jolting the tubers receive in transit
but also on theiy condition as influenced by treatment after harvest
and before shipment. Thus the wnic.mt of ruising may vary from
seusolt to season or between growing sections.  Much braising ocemrs
in transit in newly dug. early potatoes. Most of the carly and mid-
season potatoes are more or less immnture when dug: the tissues are
therefore quite turgid and feagile and the skins very tender and
easily broken. These potatoes are usually sacked and loaded into
cars within a few hours after being dug. When they arrive at des-
tination, Tollowing ordinary commercial handling. they are generally
found to be move or less skinned or “fenthered”™ {fig. 1} and those in
contact with the floor or the floor racks in the bottom suacks show
definite bruising injury ns well (fig. 2). DBruising i1 traisit, caused
by contact with the car floors, also occurs in old or well-matured
potatoes (p. 7).

Floor bruising can be identified by a fluttenin;z and softening of
the areas in contact with the floor or floor racks and by the fact
that such areas usually show the mmprint of the Hag and generally
ave moist after being unloaded (fig. 3). Ruptured tissues may ulso

C WA
P

FPmiopzs 1.—Dadly feathersd, newly dug, While HRose botatoes on urrival at
market, Most of the skin bas been rubbed off or jeosened amd the potatoes
ire wilted and “rubbery.”
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INJURY 0OF POTATOER IN THANSIT

Frearns 2 = Newly (bug White Hose poiipors =losving beth festhering angd v
Birmisings Uncarrival at the peirket, The g poisiioes wore slion Dron e hatdont
Faxyer of o saeks Teotn e ~ide next to e Hoore The dbtoeined s <how
wliere Lhe potiatoes restod ot che oo,

}u- fonnd extending well into the tuber sod when these wounds e

wekedl open sulliciently to adniit aiv, diseoloration of the tissnes miey

v.unlt. The rupturing uI (he tissnes ineident (o brut=ing permits e

evaporation al celd =ap, leaving behind an accunwlation of stareh
that iy be seen as il tonglie cenpaet, whiti=h faver helow the
wontnded =or{nee (lige ).

The betised tissnes e snbject to decay, partienlarly hacterial =oft
ror and Tusariuu roto which oy develop to saelian extent as (o nask
the prinnry eause of injuey lig. 5. Buetertal =oft vot goften ¢ulled
slimy soft roty emises a ~oftening of the i fected fs=nes whicly usaally
becomes troi=t annd =limyvs or sticky, and e charmeteri=tieatly Toul
odor. This rol night e e kon Tor freezing or chemical imjury
Ieeanse of the soltening wng :iixmlnr[m:m of the affectod 1isues
Icanise of (e likelikood of its Tollowing Meezing or chemteal injury.
netther of whichy owevers wilb eaose liness or fond odare Further-
more, when suely infeeted tubers are deied ol there s usaally Teft a
whiti=h resiidue which ve=embles o cheweal deposit iy appearanee.
When not complicited by other Tarns ol imjury thi= rot = chareter-
jzed By oo sharp Hoe of denmreation hetween healthy and infeetod
Ussnes, usarinm ror somewha resetihlos Treezing injury in the
thisealortion of nnderdying O==ne which it |nut|lu ee. bl s usualdly

charaeterized by a visible mold growth, which differentintes it from
I'rt-t"/_in;_r njory.
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IFgaine 3-—1latrened, hittised

wivges o petatoes Brom (he undey side of the
ek showhg whers they tosted o the oo of e car, Phoese potitoes had
bhoen Qg for sowne time sl were, theretore, ot reegid or beittle. Although
e Dager drorpeingd i= amdisuadly eIonre, veey HEle fojury vesalibod sinee the wollnded
arest wirs sharllow sl soon hoadal over,




INJURY OF POTATOES IN THANSLT

Flovei h—Leff, sovere fioor heoising inoa potate from o conunereial el
feipht!, (he samie paiato witle o portion of surfiee of the healed-<ooor area e
woved =howing thie leathiery and compaet whili=h Toyer entsed by Phe deposig
of s ereln Bele whten The wanimghoenl Hissue dries oni,

Frove S0 Flasr Drnisive that T~ Boen folloseed D siconelaory eheeny, whilelh i
Jnst hewveniionz pperreio .

BRE ESING 00D DAY €10 BT v ks

The ardinary handling of newly dog carly crap potatoes in sieks
alvways vesalts o more or less skinning o featherime. The maee
anstture the potatoes are the worse (his condition swill he. Ship-
ments have beon ~een in which most of the potatoes o each bag have
been Tonnd almost entively <kinned on aeeivel ac the macket (o 1,
Beentuse of loss of water die to evapomtion frnn the wiprotecied sur-
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faces such pofatees soon become wilted and soft. WWhere they press
agninst each other discolored dents ov depressions usually are pro-
duced in the tubers at or near the floor (fig. 6). When the tubers also
show floor bruising those in the bottom layer of the sacks present

Frivie G—bBrises on sacked potatoes from e hotfum of i commereinl earlit.
The bruises were caused by contucet of the potatoes with each other. This is
pot Hloee bruising.,

such an unatractive appearance that their mavket value is materiaily
reduced. Pads are sumetimes used to prevent floor bruising.  The
padding material may be lovse shredded paper. manufactured pads
congisting of shredded paper between two Jayers of paper glued to-
wether along the edyes, or excelsior in paper sleeves”

THaggEr, W. 1L, BHean, BV, and Moeris, Fa T UI0E PREVEXTION OF MECHANI-
CAL INJURY DURING TRANSIT vE NEw-crine voraroes.  Calif Ages Expt, Sta. [Cn-
tineh, Jub T, 7o, illus, 1S [ Processed. |

Hose 1h H. 1axBLISG axp siiprisg panny rorartoes. Ul 8 Dept, Agr. Cir, ™,
A4 e, ias, TG,

Uxtox VPactele Bamaean, Deragrasxt or TrarFle, AGRICTLTURAL DEVELOR-
MENT. HANDLING porATOms. U3 pp., ibus s, Nebeo [ 1854,
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INJURY OF POTATOES IN TRANSIT

BRUISING OF OLD POTATOES

Under ordinary handling the bruising damage oceurring to old
potatoes coming from sterage is not generally so great as that to
early crop potatoes becanse the skins have become “set” or toughened,
and through loss of water the potatoes are less turgid than at harvest.
However, more or less brnising occurs even to old potatoes, because
they are usuaily shipped during the winter in refrigerator cars that
have slatted floors or floor racks. It is a common practice to cover
the floor racks with building paper to minimize any bruising damage
that might occur from these slats. Pads are sometimes nsed.

It has been demonstrated by Todgar® that the temperatnre of the
potato greatly influences its susceptibility to mechanieal injury. He
found that conmmercia) lots of potatoes that had been warmed in
the bin from about 35° to 50° F. just previous to being graded re-
mained dry and free from cracks and skin abrasions.  When passed
over the same grader, those thut had net heen warmed up showerl
at least 50 percent with fresh cracks or bruises, and were damp
Lecanse of the escape of sap.

FRERZING I1NJURY

The symptoms of freezing injury to potutoes have been exten-
sively studied and described! Potatoes may he frozen so severely
that all their tissnes nre killed: less severe freezing results in the
killing of only a part of the tissues. Frozen potatoes are usually
found scattered among uninjured ones. Those that are frozen to

death will upon thawing begin to ooze water throngh the skin.  These
are commonly known as leakers and arve of conrse unsalable and must
be sorted out very soon to prevent their wetting und staining the
surronnding uninjured tubers. If sorting is delayed these potatoes
will soon decay and collapse since they furnish a very favorable
medium for the organism causing hacterial soft rot. The decaying
fragments from one such potato will sometimes contaminate and
ruin the salability of many of the surrounding ones.

Potatoes not so severely frozen as to hecome lexkers can usually be
discovered and identified only by eutting into tulers 6 to 12 hours
after thawing. At this time the vaseular tissues will usually be dis-
colored to a blue gray or black. This discoloration will occur in
different patterns depending on the length and severity of exposure
to freezing temperatures. A portion of the vascular ring that is lo-
-ated abouf u quarter of an inch in from the surface of the potato
may be discolored. or nuty show a generally darkened netting, daotting,
or blotching of the cut surface (fig. 7). The net and ring types of
freezing injury are not to be confused with ring necrosis and net

"EnaAr, A. D, STUDIES OF FOTATD STOMAGE HOUSES TN MAINE, U. S, Dept.
Agr. Tech, Bul. 615, 47 pp., illus. 138, Ont of print; may be comsulted in
libraries.

*Joxes, I R, Minnex, M, and Bamey. B FROST XFCROSIS DF POTATO THHENRS,
Wisg, Agr. Expt. Stin, Res, Rl 46, 46 pp.. illns. 1010,

WriepT, R. (., and Inem, 1. 0. FREEZING INJURY TO PoTATORS. (. §. Dept,
Age. Tech. Iul. 27, 24 pp, illus, 1927, Qut of print: may be consulted in
libraries,

Ravsey, (L B, Wraxt, T, 8. and Sawrrem, M. AL MARKET MSEABES OF FROITS
AND VEGETANLES—POTATOES, U, B, Dept. Agr. Misc. Pab. 87, 60 pp., illus. 1949,
{Revised.)
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P T—Freczing injury withoui ovidence of floor brulsing in potatoes from
a commoereinl eavlot: L6, SHght injury, marked by trace of ring-type necrosis
£, ¢, and £, Lloteh type together with the ving and net types. B is beginning
to deeny al the conter angd £ has been eniively Frozen to deall, showing ¢
weneral hreaking down with deeay; & and &, combinations of ring and net
1y of injury.

necrosis, both of which oviginate in the field” Ring neerosis is at-
tributed to Fuserivm invasion and is differentinted from the ving type
of freezing injury by having a reddish-brown rather than black dis-
coloration and by being more strictly localized in the vascular ring,
The ring type of freezing injury is often accompanied by net and
bloteh types,  Net necrosis is a manifestation of the virus leaf voil
diseuse,  The discoloration by this disease is also genernlly reddish
brown as opposed to the bloish gray of the net type of freezing injury.
Except for volor, both of these diseases can be easily mistakeu for
freezing injury.  Where freezing has oceurred, various types ancd de-
grees of injury will usually be found in individual potatoes, whereas
in a ot affected with ring necrosis or net necrosis nearly all the
uffected potatoes will show the one eharacteristic type of injury.
Althongh mild to moderate freezing injury is not apparent on the
outside of tubers. the internal discoloration renders the potatoes un-
desitable for nse as table stock. The maost convenieut methoad of
determining the presence of such freezing injury is to slice off a por-

*H¥ee first amd third velerences, ford nole -4




INJURY OF POTATOES IN TRANSIL g

tion of the stem end of a suspected fuber, as this is where symptoms
of such injury are usually first apparent.  The viability of seed stock
that has been frozeu is likely to be impaired. Secondary decay is
not likely to follow mild freezing injury; the deeay muy follow, how-
ever, when the injury is more severe but not enongh to entirely kill
the tissues, The mterior then becomes blotched over extensive areas.

As a rule. most of the potatoes frozen iIn transit are so severely
mjured that they are buadly blotehed or become Jeakers. Fewer
specimens show the milder forms of injiry, such as are marked by
the ring or net type of necrosis. Dloubt often exists as to whether
freexing injury found in a given cavlot occurred during transit or
during previous storage. In such cases it is helpful to know that
freezing injury that occurred in storage before shipment is likely to
be found scattered throughout the load, whereas that due to freezing
in transit will be found mostly localized slong the Hoor and walls
and avound the doorway of the car. Since freezing in transit occurs
largely ulong the floor of the car, this injury is often found in con-
junction with floor Lruising. Careful observations of commercial
shipments, however, have sliown that, in the same cavlots, freesing
injury and Hoor bruising may ocenr independently or together
in the same specimens (fig. 8).

Cigancan Injuny

Chenical debris left on the flvors or walls of railway cars, motor-
trucks, or ships™ holds, or chemieals impregnated in the woodwork
of such carriers, huve frequently been reported us the cause of injury
to potatoes in transit. Rumsey and coworkers® state that potatoes
ave sometimes damaged by contact with various chemical salts, us-
phait. coul tar, and ot products. They alsu state. however, that mere
contact with these substances is not sufficient to produce injury, but
that if the subsiances are pressed or rubbed into the tissue, the chur-
acteristic symptoms will develop. The symptoms sre marked espe-
cially by a soft. flabby, semiwatery condition adjacent to the point
of contact. This condition is caused by exosmosis, or the loss of
water from the cells of the tuber. brought about by the action of the
chemicals.  After several honrs™ exposure, the affected tissue some-
times becomes discolored to a gray or black.

The shipment of fertilizers or other chemicul materinls in refrig-
erator curs is not authorized. (hemieal injury in potatoes from one
of these cars muy be caused by the use of picking bags previously used
for fertilizer or by contact of the potatoes with injurious materinls
while being transported to the car.  Under normatl handling the skins
of tubers will be broken enaugh to allow entry of the injurious mate-
rials, Such injury ean also result when bags of potatoes ure
temporarily stucked on dirty storage floors or platforns. During
energencies potatoes may be carried in ordimary boxcars; often
bulle lots are so transported. Large amounts of potatoes are now
being taken to market in motortrucks. Both motortrneks and box-
cirs are used for the transportation of industrial chemivals and
fertilizers, such as conmon salt, sodium nitrate, ammonion sulfate,

" Bee thivd reforeice. foolnote 4.
OMG" o2
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Fuicns S—Treozing injuey and dloor bradsing in polatoes from a crengniereind
carlng, Pl petatoes were taken from Phe same ear as fhe specinwens shnwn in
e 70 .1, Small Blolehlike frozen area on one side of Vg puber thad appenr-
ently is not related to fhie Brwised sred s A pypiead vaseadae-ring-type froczing

ijnry wiih soft decay shows developing helow Hle brivise thal may be e Lo

frovzing: (7

e B, freczinge nocresis of The vaseniae riwg s 0 andd F, sovere
Preesite injuey fotlowed by decay mlicent o nud involving {hoe braised arens.
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superphosphate. gronnd limestone, hydrated lime, gypsam, and vari-
onx conmercial fertilizer mixtures.  Salt. sodimm nitrate, ammonium
sulfate. and many other substances are readily soluble in water and
are therefore active plasniolyzing agents: that is, under certain con-
ditions they will withdraw water from plant tissue (fig, 9). Super-
phosphate and the usual types of commiercial mixed tertilizers have
only a relatively small percentage of water-soluble imaterial.  Ground
Limestone, hydreated lime, and gypsum are quite conspicuous when
present but becanse of their insolubility are relatively noninjurious.

Through the courtesy of the fruit and vegetable inspection service
of the I'vodnetion and Marvketing \dministration. the writer has liad
opportunity to examine samples of potatoes fram o number of car-
lots ahont which receivers had ceniplained of chemical injury. In
most of the cases investigated the injury was actually enused by floor
bruising, In rare instances where evidence of chemical injury was
present it was assoeinted with floor or wall hruising, indicated by the
usnual flattening of one side of the tubers, with the bag prints plainty
evident.

Sunsvald, as the name implies, is o form of heat injury to newly
dng potatoes, which is caused by exposiure to the rays of the sun dur-
ing hot weather. Because of the similarity of results. sunscald is
sometimes mistaken for chemieal injury.  In both cases the tissues
brealk down, become soft, and decav.  The organism causing this
breakdown and decay is the same ag that causing bacterial soft rot
{p. 53}, In this ease, however, it causes a slimy “puffy” eondition
beneath the epidermis and produces a foul odor which is not found
in eonnection with ehemienl tnjury.

METHODS AND RESULTS OF EXPERIMENTAL TESTS

The similarity of the injury cansed by floor bruiking, shown in
many lots of potatoes on arrival at the market, fo the injury cansed
by chemical and freezing damage. resulted in a study to determine
the distinguishing symptoms of these three types of injury.  The scope
of rhis study embraced (1) the effect of tissue temperature on sus-
ceplibility to hruising; (2) the relation of floor brulsing to freezing
mjury: and (3} the relation of floor brnising to chemical imjury,
Alnelt of this work consisred of a series of Inboratory tests made
with the apparains deseribed hy Rose and Lutz7 in order to simu-
Inte nctual transit comditions.  Briefly, this apparatus consisted of
a small care which was operaied back and forth over steel treks.
Bolt heads projected just above the mils so that when the wheels
passed over them, the cur was jelted and swayed somewhat like a
railroad ear n transit,

TissuE TEMPERATUKE and Brusixg

The st of u series of tests to study the relation of tissue tem-
perature fo broising in transit was made with mature Maine-grown
Green Moantain potatoes purehased on the Washington, I, C.omarket,
Whaen received. the potatoes were divided into three portions, two of

FRosH, DEAN I, amdd Livrg, T, M. BRUISING AXD FRREEZING 0F APPLES [N $TORAGE
ANETHANSIT, UL R, Dopt, Agr. Tech, Bul, 370, 15 pp., illus, 1433,  Out of print;
may be consulted in Hbraries,
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which were stored at constant temperatures of 82° and 50° F., re-
spectively; the third was kept mm a storage cellar where the
temperature varied between 36° and 60° but averaged about 50°,
In these tests two burlap bags, each holding about 1 peck, were
filled with potatoes and placed on the car. “A wooden platform
carrying 450 pounds of weights was placed atop the potatoes, In
each test the apparatus was installed in a storage reom at the tem-
perature indicated in table 1 and was operated for 7 hours on 2 sue-
cessive days and for 4 hours on the third day. The potatoes were
inspected 4 days after the termination of each test, and the number
of tubers showing bruises accompanied by skin breaks was determined.
Most of the injury oceurred next to the floor; but in some cases the
potatoes on the top side of the bugs were bruised by the overhead
weight, whereas a few specimens were bruised and cracked where they
came in contact with each other. Some of those classed as sound
were somewhat flattened where they rested on the fioor and showed
the imprint of the bag at these places, but the skins were unbroken.
The results of these tests ave shown in table 1. The injuries resulting
from floor bruising thus experimentally produnced were always similar
in appearance to those commercinlly produced where it was certain
that other complicating factors were not present. -

Tasre L—T'he influence of tissue temperature on the amount of
bruising sustained by potatoes subjected to expevimental transit
jolting

Results
- Tempera-
Previous trentiment ture of
test rooin Sound Bruised
potatoes potatoes

Percent t Percent
Stored at, 32° F, for approximately
3 monthsy 32 35 65
1 Stored at 50° F. for approximalely ; .
v dmonths_______ .__. P . 50 | it 31
In cellar storage for approxi-
mately 3 months less 3 days in
32° F. previous to fest_____.. . 32 45 54
In cellar storage for approxi-
mately 3 months less 7 days in
0° F, previous to test. ... . 50

1 Based on total mumber of potatoes in cach bhag.

¥Fioune 8.—d4, Broised pofato after stnmling in econtiaet with nitrate of soda.
Aren ndiacent fo the bruised surface i3 soft and wrinkled fo 2 depth of one-
fourth to one-half inch, B, Brnised potato after standing in contact with
5105 cotnmercial fertilizer mixture. No injury presenf, wounded area firm
and meatly heglod over, €, Distolovition protluced in a braised potute by
enntaet With nitmtte of sada, 7} and 8, Biss Trimuph potatoes taken from
nexy fo the floor of o commercial envlod, Balfales predouficrfed in the gebris
on the wur Hoor, and the poiatees show unmistakabie evidenve of chemienl
injury,
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When potatoes from tests 1 and 2 were compared, more than twice
as much bruising was found in the lot from stornge at 82° F. as in
that from 50°. 'The type of injury that occurred in the potatoes from
32° storage was different from that in tubers from 50° in that rather
severe cracking accompanied the usual flat bruising, probably be-
cause the potatoes were more turgid and brittle. Tests 3 and 4 were
made with potatoes from the same lot that had been held in cellar
storage for approximately 3 months, In test 3 a portion I this
cellar-storage fot had been put into the 32° room for 3 days previons o
the test in order to bring the tissue temperature to that of the
room. This test was then run in the sume manner as fest 1 where
the potatoes had been stored continuously at 82° for approximately
3 months. 1t ig interesting to note that the amount of bruising in
test 3 was not so great as that in test 1 but greater than that in test
2 where the run was made at 50° with potatoes from the same tem-
perature. The results from test 4 where the potatoes from the cellar
stornge with its fluctuating temperature were held at 50° for 1 week
immediately previous to the fest ave practically the same as in test 2.

These tests show that the temperature of potatoes at the time of
Lruising largely determines the amount and extent of injury resulting,
althongh the previous stornge temperature may have cousiderable
influence,

Froor Bruisixc aNp Fregzing INJURY

During the winter shipping season. reports of damage claimed to
be freezing injury in potatoes in the bottoms of sacls are sometimes
made because of symptoms which are siiilar to such injury. These
symptoms are: (1) The presence of moist, soft, flattened areas on
tubers resting on the tloor, (2) wet spots on the sacks suggesting the
presence of leakers or frozen potatoes, (3) the discoloration within
the bruised and cracked areas due to oxidation of exposed tissue as
previously described, and (4) the recognized liability of potatoes
next to the Hoor to freezing injury before those higher in the load,

Three experimental tests made with the jolting apparatus and under
freezing conditions were conducted as follows: For all of these tests,
peck-size Jots of potatoes from 50° ¥. storage had previously been
put into burlap sacks and held overnight at a temperature ot 55°
to tacilitate their coming to freezing temperature after the simulated
transit tests were begun. In the first test two lots of Maine-grown
Trish Cobbler potatoes were pul in place on the experimental car in
a storage room hefd at 24°. A weight of about 175 ponnds was equally
distributed on top of the lond. Affer standing for 2 hours at this
temperature the car was run for 414 hours and then left standing for
17 hours hefore the potatoes were removed. These potatoes were
then stored at 70° for 5 days before inspection.  The results of these
tests are shown in table 2.

Tn the second test well-matured Virginia-grown Blss Triumph
potatoes were used. They were handled similarly to those in test 1
except that they were left standing at 24° F. for 3 hours instead of
9. then the car was run for 4 instead of 434 hours. and the subsequent
lolding time at 70° was 2 days insteadl of 5. Since freezing injury
to potatoes can usually be detected in 24 hours. the 2-day instead of
5-day holding period was ample for the purpose. The total time the
potatoes in test 1 were in the freezing room was 23.5 howss, whereas
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Tapte 2-—Freezing and bruising in potatoes subjected to experimental
transit fests at freesing temperature

Sot:md (gat Not  iBrigsed

fsed | bruised] but
Variety Trentment e 1P he i pet

frozen) frozer { frozen

Percent | Percent| Pereent
Irish Cobhler FPotatoes were held quiet at 24° F. far 6 31 1
2 hours, then run 43 hoars, then
griet 17 hours, then stored at #° for
5diays.

Tiiss ‘I'rlmph Potnloes were held quict al H® F. for
3 hours, then run 4 hours, then
guiet for 17 hours, then stored ot
70° for 2 days,

Irish Cobbler, Potatoes wore held guiet ot 24° B, for
20 howurs, then run 4 hours, then
stored at 76° for § days,

in test 2 it was 24 hours. The damage by freezing in these potatoes
and in those of the following two tests was relatively slight, being
indieated by scattered small gray or black spots. 1In tests 1 and 2
relatively few of the potatoes were injured by either bruising or
freezing. In both tests it is doubtful whether any of the freezing
injury occurred until after the “transit” period. While only rela-
tively few potatoes were bruised without showing freezing injury,
practically an equal number were frozen but not bruised, or both
bruised and frozen. Thus it was evident that under these conditions.
at least, freezing injury occurved in various parts of the sacks and
was not significantly associated with bruising. Where freezing in-
jury occurred in bruised potatoes it was not usually localized at or
within the bruised area.

In test 3, potatces from the same lot as those used in test 1 were
loaded on the car as in test 1 but were left quiet for 20 hours at 24° F.
and then run for 4 hours, after which they were stoved at 70° for o
days before being inspected. During the 20-hour guiet period undoubt-
ediy some of the potatoes were actually freezing or in an undercooled
state (tissue temperature below the freezing point, but with no ice
crystals present) and were caused to freeze by jolting during the
subsequent transit period. The total time the tubers in this test were
exposed to the freezing temperature was practically the same as in
tests 1 and 2. In the first two tests it is probable that most of the
potatoes did not become undercooled until the quiet period following
the run, and in some of these, freezing did not actually occur since
they were removed to storage at 70° without further jolting. In test
3, more than twice as many potatoes were frozen withont being bruised
as were both bruised and frozen, whereas on the other hand no tubers
were found that were bruised without being frozen. No sound speci-
mens were found in this test. Here nguin the location of the lesions
indicated that freezing injury was not restricted to areas in or near
the bruises,

Froor Bruistve anp CHEMICAL INJURY

Receivers often blame chemicals left on the floors of railway cars as
the cause of damage to potatoes. The usual reasons for suspecting
chemical injury are (1) the presence or suspected presence of chem-
cals in debris on the car floor, and (2} the presence of soft bruised
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areas on the potatoes next to the floor with or without the first con-
dition applying. -

As has already been stated, potatoes shipped during the summer
months when chemical injury is more likely to be found are nswally
newly dug and therefore turgid and tender and quite susceptible to
floor bruising in transit.

Tests were mude to determine the characteristic symptoms of in-
iuries that might be cansed by chemicals likely to come in contact
with potatoes in transit.

STATIONARY TESTS

In test 1 a number of new-crop Irish (obbler potatoes weve care-
fully selected for freedom from skin breaks or bruises of any kind.
These were placed directly on dry muriate of potash, nitrate of soda,
sulfate of ammonia, superplhosphate, and hydrated lime, each scai-
tered thinly in enameled pans b a recom held at 60° F. The relative
bumidity in this room was about 95 percent, and the potatoes were
held for 4 days. The first three chemicals being readily deliquescent
became dissolved during the first few hours in the moisture tuken
up from the atmosphere so that for the rest of the period the Potntoes
rested in practically ssturated solutions of these chemicals. The
liquid in each ease crept up about the sides of the tubers, wetting
more than half of the surface of each. No softening, discoloration,
or other injury cccurred in any of the potitoes, except the slight
exterior staming incident to their being wet by the deliquesced
chemieals,

In test 2 a number of tubers from the sume lot were bruised by
pressing one side firmly down on a conrse file. This treatment pro-
duced a flattened, bruised nrea with shallow abrasions similar to
those found on tubers next to the floor in carlots of sacked pota-
toes. As In test I, enameled pans were used to hold thinly scat-
tered table salt, muriate of potash, sulfate of ammonia, nitinte of
soda, superphosphate, u 5-10-5 commercial fertilizer mixture® hy-
drated lime, and one pun with no chemical as « check, One thickness
of cheesecioth was spread over the chemicals in each pan and four
potatoes were pluced thereon with the bruised side down. Free sap
from the bruises immediately moistened the cheesecloth slightly, and
after 2 days in the laboratory this moisture and that drawn from the
potatoes had gradually dissolved the soluble chemicals—salt, nitrate
of soda, sulfate of ammonia, and muriate of potash. The exposure
of the wounded tissue to these chemicals caused extensive withdrawal
of water from the tissues, accompanied by softening or wilting (fig. 9,
4). The fact that the general supply of cheniicals for this work, kept
nearby in open containers, remnained dry showed that the relative hu-
midity of the lnboratory atmosphere was not high enough to cause
deliquescence or liquefaction of the chemicals. The potatoes used in
this test were drie% off and left a few more days in the Juboratory.

*This was a commercial fertilizer mixture of 5~10-5 composition in which the
source of nitregen was reported to be one-lmlf orgunic nnd one-half fnorgnnic
aind water soluble; the phosphorus was in the form of phosphates and nrgely
insoluble. The potish was in the form of petassimm chilovide, which is soluble,
Such o commercing fortilizer mantlly containg the soluhle substnees in varying
amtunts; the bulk of the mixture, inclulting the filler, is lnrgely insoluble.
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A fter 2 days two tubers of each group were cut across the injured areas
and the tissue was found to have a gray to black discoloration for a
depth of aboiit one-eighth inch below the bruise (fig. 9, €). Below
this was a soft. spongy region extending perhaps an eigzhth to a half
inch farther, over which the skin was censiderably wrinkled. After
4 days the injured areas had dvied out. leaving u hollow depression
one-sixteenth to one-eighth of an inch in depth, below which the tissue
seemed to be normal. The potatoes in the other fonr pans contain-
mg the more or less insoluble substances remained frm and sound.
The cloth next to the bruised areas of sonte of these potutoes was still
somewhat moist after 2 days but eventually dried. and the bruised
areas of all the potatacs resting on these chemicals remained Hrm and
healed over without further injury {fig. 9. B).

In test 3 newly dog Bliss Triumph potatoes were used. These
were treated like those in test 2 except that two pofatoes in each
pan were not bruised. The results with the hruised potatoes were
similar to those in test 2: the unbruised potatoes were not affected
in any way hy the chenvicals. The results of these tests indicate
that certuin soluble chemicals left on the floor or walis of a railroad
car may, under favorable conditions, causge chemical injury if the
potatoes come in contact with them and also becone bruised suffi-
ciently to allow the eseape of enough sap to wet through the sacks
at the point of contact with such chemicals,

In test 4+ a study was made to determine whether discoloration
always ecceurs in tissues affected by different chemicals.  Specitnens
of potatoes of the two varieties were bruised and exposed to the
soluble chenticals, as deseribed in tests 1,2, and 3. These potatoes wers

cut at suceessive periods after the tissue became soft and it was found
that discoloration always occurred but usually not until 2 to 3 days
after treatment.

SIMULATED TRAXNSIT TESTS

Five tests were then run to simulute commercial transit conditions
where some of these chemieals might be present on the car fHoor.
These are designated as tests 4, 5, 6, T.and 8. In test 4. new-crop Irish
Cobbler potatoes were placed in two pecle-size burlap sacks,  One sack
was plived on nitrate of soda and the other on table salt that had been
sprinkled on the car loor. .\ weight of 475 pounds was held in place
over both sacls,  This test was run 8 hos on each of 3 successive
days in a temperature ranging belween 70° and 75° F. Inspection
at the end of the experimental run showed that where the potatoces
were bruised, the burlap and the chemien] in contact with it at thesc
points were both wet aund that w certain amonnt of moistusre had crept
out along the sides of the bruised specimens.  On these potatoes the
bruised wreas and the adjacent tissues were soft and flabby or rubbery
and the skin covering these areas wus weinkled.  No difference was
noted in the effect of the two materials. The injured tubers were
spread out on a table for 5 cdays and at the end of this time the soft
areas had dreiedd down somewhat, lexving depressions below which the
tissue was brownish in color to a depth of an eighth to a quarter of an
inch. Below this the tissue was firm and sound, except in a few in-
stances where decay had set in.  In fest 5 newly dug Irish Cobbler
potatoes were used, and the procedure wus a repetition of test 4, The
results were practically identical,
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Test 6 was made with potatoes from the same lot as test 4. The
procedure was the same except that no chemicals were used and the
floor and sacks were thoroughly washed to eliminate any soluble
chemicals. Af the end of this test, inspection showed that the potatoes
that touched the floor were bruised enough to show the imprint of the
sucks, and the burlap was damp at these places. However, the tissue
adjacent to the broised areas was not sott. Tissue affected by soluble
chemicals was soft adjucent to the bruised areas. After drying, the
salability of these potatoes would scareely have been discounted.

At this point it seemed desivable to determine whether any differ-
ence i the amonnt or charaeter of Mjury resulted when different
chemicals were used under the same conditions.  Therefore, in test 7
the floor of the test car wus marked off inte four parallel strips, three
of which were sprinkled thinly with table salt, nitrate of snda. and
5-10-5 fertilizer. respectively: the fourth aren was left clean for
use as a check.  The floor was then covered with a single thickness of
burlap npon which was placed n double Liyer of new-crop Green
Moumntain potatoes of fairly uniform size. A wooden platform carry-
ing a weight of about 475 ponnds wuas placed on top of the potatoes.
The test car was run at room temperature {about 70° ) for Shours a
day for 3 davs and then Tett quiet for 3 dayvs. When unloaded. the
pofatoes were ille}E’(’de andl then left spread out for 6 days in a room
kept at T0° T, with a high refative humidity (95 percent). At the end
of this time sueh decay was found in the broised nreas next fo the
floor.  The resuits of the two luspections ave given in table 3.

TasLy B.—RBrdsing fujury and decay present in potatoes after an oir-
perimental test with different chemicals placed on the floor of the
tesf car

|
Condition when Condition after 6 davs’
unlonded 3 days stornge af 70° ¥ with 95-
after test rup poereent relative hansidity

Materia) nsed
Diceav in bruises

-
!

| Bound iBmisocIi Sound - - G
Siight | xien-

Pereent © Pereend Pereend . Pereenl | Pereent

Tabhe salt_ . | . 5 35 35 30 35

Nitrate of soda 52 18 24 31 45

Fertilizer (5-10-8)... ... ... .. _ 62 38 a7 i9 24

None. . . ol i e 48 : 52 59 | 41 0
l | : N :

At the first inspection most of the brnised areas as well as the bur-
lap tonehing them were maoist.  Where table salt and nitrate of soda
were used the tuber tissue ndjuacent to the britises was soff and wrin-
kled to a depth of about one-fourth inch.  In the potatoes placed in
contact with the commercin]l fertilizer. as well as in the checks, the
injury was shght and there was no soft tissue. However, the per-
centage of potatoes showing actuzl bruises was greatest where no chem—
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ical was used, due perhaps to unequal distribution of the weight
resting upon them. The high humidity in which the potatoes were
held after jolting did not permit the wounded arens to dry out but
seemed to encourage the development of decay. Where effects of
soluble chemicals weve present there were fewer sound potatoes at the
second inspection than at the first, probably due to the entrance of
infection into undetected wounds. The number of potatoes classified
as sound in the check lot wus greater at the second inspection, owing
to favorable conditions encouraging the healing over of wounds. The
decay in the checl potatoes was very slight, whereas considerable was
found in those lots having contact with table salt and nitrate of sods,
the latter causing the most damage.

A final test (No. 8), consisting of two runs, was mude with the
experimental appuratus to determine the effect of the presence or
absence of chemicals on the percentage of tubers that would be bruised
by contact with the floar of the test cay, In the first run Green
Mountzin potatoes from the sume lot used in a previous test after
storage at 32° F., for about 3 months were put into peck bags. One
such bag was placed over thinly scattered table sult on the floor
of the test car: the other wus placed on a clean floor. The usual
475-pound weight was placed on top of the bags. The test runs were
mude in @ room held at 52° and the test car wus operated for 7 hours
on 2 speeessive dayvs and for 4 hours on the third day. The potatoes
were then unloaded, stored at 70° for 24 hours, and then inspected.
The next test run was made at 50° with Green Mountain potatoes from
50° storage, the test being run for the same length of time as the pre-
ceding. The results of hoth inspections are shown in table 4 from
which it is seen that although there were more bruised potatoes at
32° than at 50° the percentage of such tubers in the lots resting apon
the salt and in those on the clean floor was practically the same in both
runs. At 32° there were 2 percent more injured potatoes on the clean
floor and at 30° there were 8 percent less,

The conclusion diawn from these results is that under the con-
ditions given the presence or absence of salt on the car floor cansed
little or no difference in the number of bruised potatoes.

TanLy &—The offect of the presence or abseuee of salt on the rar floory
on the number of bruised potatoes

!

g
I. Storage i
i
i

('ondition

i)
Treatment | tewmiperature

Sound! | Bruised

. © Pereent | Percent
Table salt on car ffoor : 32 i
Floor clean . PR 32 a6
Table salt on car floor. . ___.. .. ... _} 30 72
Floor clean - 80 | 66

! Based on the total namber of tubers in cach bag,
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SUMMARY AND CONCLUSIONS

Claims are frequently made of injury In potatoes next to the floors
or floor racks in carlots of sacked potatoes and less frequently in those
next to the walls. The injured tubers ave flattened, hruised, and often
cracked or split.  The bag material becomes indented into the surface
tissue. Sometimes it leaves only ifs imprint, but if the potatoes are
turgid or brittle the burlap may cut through the skn. caunsing the area
to become wet. This injury has sometimes been attributed to freezing
and often to damage from cliemicals on the surfuce of or impreglmteﬁ
in floors or walls, Experimental evidence and general observations
reported in this bulletin show that the injury discussed, whether com-
plicated by either of these factors, is in most cuses the result of me-
chanieal bruising against the floor or walls caused by the weight of the
joad and the movement of the car. Newly dug potatoes are more
subject to such njury than old ones, beenuse they are move turgid, and
potatoes from storage at relatively low temperatures (32° to J0° F))
are more susceptible than those from higher storage temperatures,
hecause they are move hrittle.

In simulated transit tests to determine the effect of storage treat-
ment and {uber temperature on cusceptibility to floor brusing, 65
percent of the potatoes in lots thar had been in stovage at 32° I, for
3 months were imjured, while only 31 percenl of those from a 50°
temiperature were injured.  In potatces that had been stored in a
cellar averaging about 50°, and then held at 32° for the 3 days pre-
ceding the test; 34 percent were injured as compared with 31 percent
in those held continnously at 54°.  These tests demonstrated the rela-
tion between the temperature of potatoes and theiv susceptibility to
injury when suhje{-l'e({ to bruising. Transit bruising produced under
experimental conditions was identieal with that found ander com-
mereind conditions.

Clnims for freezing injury ave sometimes filed for potatoes injured
hy bruising.  The basis for this Is usually the soft, damp condition
of tubers adjacent to the floor. which is said to be a symptom of
freezing injury, Tubers that ure cracked or split and have become
durkened or discolored because of oxidafion of the exposed iuner
tissues are also frequently regarded as exhibiting freezing injury.
The presence of wet spots on the side of the bags next to the floor
where potuatoes have been bruised suggests the presence of “leakers®
or badly frozen tubers.

Under the experimental conditions described, where freezing was
praduced along with Hoor bruising. the characteristic symptoms of
freesing ustally were not confined to the bruised areas but oceurred
thraughout these tubers, They occinred zlse in tubers that were not
hruised.

Transit injury to potatoes hauled in boxears that are commonly
used also for careying various chemicals frequently give rise to
complaints of suspected chemicnl injurv.  The presence of wet bruised
areas and the discoloration due to oxidation of the exposed tissues
along cracks are the usual grounds for these complaints.

Under haboratory conditions. petatoes were pressed on surfaces
thinly sprinkled with chemieals that might be found on the floors of
cars that were not swept or washed, Where the skins of the potatoes
were not broken no apparent injury resulted even after certain of these
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materials had taken up enough moisture from the atmosphere to
become dissolved into concentrated solutions that wetted a Iarge
part of the tuber surfaces. Where the potato skin was broken from
previous bruising, however, certain soluble chemicals plasmolyzed, or
withdrew water from, the tissues, so that the areas adjacent to the
bruises became soft and wrinkled. In the absence of these chemicals
this soft, flabby condition of the tissues adjacent to the bruise was not
found. In these tests the presence or absence of chemicals on the car
floor caused no significant difference in the actual number of hruised
potatoes.

The symptoms of the injuries described in this builetin may be
briefly stated as follows:

Floor bruising.—Potatoes are flattened at the point of contuct with
the floor and usually show the imprint of the bag.  The tissue may be
bruised and soft to a depth of one-sixteentls to one-eightly of an inch.
It may be cracked somewhat deeper than this with the exposed tissues
somewhut diseolored, owing to oxidation. Below the bruised aren
the flesh is firm, if secondary decay has not developed. Tissue not
exposed to the air s not likely to become diseolored.

Freezing injury—Moderate freezing injury is marked by a blue-
gray to black vascular discoloration and can he detected only by cut-
ting the sospected tuber. More severe injury is characterized by
a general gray to black blotching or discolortion of much of the
internal tissue. Additional freezing will result in entire collapse of
the potato tuber followed by the exudation of sap.

In these studies of potatoes subjected to transit conditions, the
symptoms of floor bruising and freezing injury were always found
to be characteristic and distinet from ench other and unrelated as to
confributing causal factors.

Chemical injury—Injury caused by contact with soluble chemicals
is usually marked by the same symptoms described above for floor
bruising.  In addition, the tissue dircetly below the bruised aren may
be soft und flabby or rubbery to a depth of an eighth to a half inch
and the skin wrinkled. A few hours after exposure this tissne ustally
becomes gray or black.  Chemieal injury occurs only in conjunction
with brasing injury,
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