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UMITED STATES DEPARTMERT OF AGRICULTURE
WASHINGTON, D. C. :

"INFLUENCE OF - FREEZING OF SEED
POTATOES ON VIABILITY AND YIELD"

By R, . WRiGHT, Physiologisf, and Warter M. Pracocx snd P, M. LoMBagn,
Associete Horliowlturist, Officc of Hovticuitural Crops end Discascs, Bureau
of Plan! Industry
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INTRODUCTION

Potato growers in some parts of the United States are confronted
every year with the problem of deciding whether to discard outright
or attempt fo use potato seed stock that has been more or less in-
jured by freezing in storage or transit. There are two important
factors to take into consideration before deciding this question:
(1) The amount or extent of injury in the stock on hand ; and (2) the
availability of new stocl free from injury and the cost of replacing -
injured seed stock with new stock. This bulletin gives the results
of a series of experiments conducted to determine the effect of
freezing on potato seed stock.

PLAN OF THE EXPERIMENTS

In the work herein reported a study was made of the effect on
yield resulting from the use of frozen seed potatoes showing varying
degrees of injury. The potutoes rsed were frozen under controlled
laboratory conditions. The purpose was to study the comparative
yield of frozen seed stock with the same stock known to be free not
only from freezing injury but to have been entirely free from ex-
posure at any time to conditions that might result in freezing injury.

The varieties of potatoes studied were Irish Cobbler, Green Moun-

in, and Triumph, each o distinct strain of superior quality for

l.-—b\

54 The luvestipations here reported were carrled on cooperatively under the projects fruit
1 vegetulde handling, storage and trensportation mnd potato investigations. Each
‘dﬁ, tor agswmes oqual cesponsibi¥ty for the.results glven, )
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seed purposes. The experiments wero commenced in 1922, During
that year and in 1923 and 1924 the work was carried on with stock
exposed to freezing at the cold-storage laboratory at the Arlington
Experiment Farm, Rosslyn, Va., and shipped to Presgue Isle, %Je.,
to be planted. Owing to certain undesiragle features of the original
plan, it was decided in 1924 to continue the investigation at the
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Ficore 1.—Yields in Dbushels per zecre saod In poapdy per hill and percentage of
gormination of potntoss at Arangtou faem

Arlington farm. Although a planting was made in Maine that
year, worl was also started at the Ar?ington farm and continued
through 1925 and 1926.

The methed employed each season in freezing the potatoes was as
follows: Barrel lots of each variety were removed from the regalar
£0° F. stornge room and spread out on a platform in a layer one tuber
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deep at u temperature of 25° for 18 hours. They were then gathered
and tossed into a basket in such a way as to jar but not bruise them
and again were spread out. Experience has shown that this merhod
of handling usually starts freezing in potatoes that are undercocled
below their freezing point, which 1s about 29°2 without actual freez-
ing having taken
place?® After an ad-
ditional three hours
of exposure at the
temperature of 25°,
the potatoes werse re-
moved to a rooem
held at a temperature
ranging from 60° to
T0°.  After two or
three days, all soft
and wet specimens
were disearded, and
the remaining tubers
were usually put Back
into 40° storage until
desired for usc.

In 1922 the stock
wns subjected to
freezing late in April,
as cdeseribed.  Soft,
wel specimens were
removed, and the re-
mainder were shipped
immediately to Maine
to be planted. In
1923 and 1924 du-
plicate lots of stock
were treated in Dboth
January and April
Lots e\posod in April
were shipped imme-
diately, together with
those exposed in Jan-
uary which had been
held in 40° storage.
Satisfactory compar-
isony between the lots
exposed and held in e 98 _ 1
storage and those ex- le‘flx{fah-l'y_gutgu:isgﬂgs.DENEOttr:-::g;?n;nitnj?gﬂ' ‘I"sm&'{t);n%%e;?c
posed and shipped
immediately for planting could not be made because of inevitable
variations 1n treatment. The potatoes shipped to Maine were not
classified as to the extent of injury, ns was done at the Arvlington

2WRrIGHT, R. €., and TAvLow, G. . ‘I'HE FREEZING TEMTERATURES OF SOME FIRUITS,
VEGETABLES, AND CUT FLOWERS, U, 'a Dept, Agr. Bol. 1133, 8 p. 1923,

AwWriGHT, I, C., and TavLOr, ¢, F.  FREEZING INJURY T DOTATOES WHEN UNDERCOOLED,
U, 5, Dept. Agr. Bul. 016, 15 p,, {llus, 1921,
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ferm. The treated lots were nll classed as frozen, and the resultant
vields were compaved divectly with check lots of untreated material
from the same sounrce.

REESULTS AT PRESQUE ISLE, ME.

The yields in bushels per acre obtained from the seed frozen and
shipped to Presque Isle in the scasons of 1992, 1923, and 1924 are
shown in Table 1.
Owing co the practi-
cal impossibility of .
duplicating precise
conditions, such g
variation in degree
of injury existed be-
fween the lots frozen
in January and those
treated in April that
1t seems more rea-
sonable to account in
this way for the dif-
ferences in yield be-
tween lots frozen at
the two periods,
rather than to at-
tribute these differ-
ences to the rela-
tively long period of
storage affer freez-
ing in the lots treated
in January. A study
of Table 1T shows uan
average yield forthe
three seasons of
prime potatoes from
frozen Green Moun-
tain seed of 266.34
bushels per acre, cal-
culated from actual
yields per row, as
compared with
3u4.43 bushels from
the check or un-
treated potatoes,

thus revealing s loss
isvus d—Slght frceglfn%htnjﬁ:;{l tghawn at the stem end of 88.09 bushels per

acre. The average
yield from frozen Irish Cobbler potatoes was 282.76 bushels per acre
of primes against 309.83 bushets from the untreated Irish Cobblers, a
loss of 27.07 bushels due to freezing injury. Frozen Triumph seed
potatoes yielded 1124 bushels per acre, wheress unfrozen seed
vielded 207.77 bushels, a loss of 95.37 bushels, Although the average
figures show g loss in yield from planting frozen seed, certain
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instances show individual yields from frozen seed to be as high as
from the checks, or higher. _ '

The porcentage of germination from frozen and check potatoes
as given in Table 1 shows u decrease in every instance, due to freez-
g injury. :

Taskk 1.—dere ylelds and percentages of germination abtained from frozen sced
potatoes at Presque Infe, Ae., in 1922, 1083, and 1924

Yields per acra ‘Gearmination
piv] 1023 1024, b
Vuriety and trontment . L
28
£ lq| 28 2
Elgis™lglalsglt
] o - = 2 =2 -
urel;-u Mount:}in: . 1;3;18-':]- Bgsg. Hush, |P.ct. | P.et.] Pl | Pt
‘rozet in Jununory. . 18- 1 PR | SR 9.0 | 65,4
Frozen in Apriloc...___. 458 7 12,0 }'.’!]0.34 {{;{.4 B‘!J.O b, & }31.88
bET | 0.0 | 10.0 [ 304. 4% | 98.7 | 90,0 | 90,0 | $F.9
Irishl‘ lf.tuhb!er:J ol ol 30
Frazen in Janunty .. . 5 . P | - ,0] 82,4
Frozon in April__. 71258 100 }333‘ 78 {w.s 50| 54 4 (J57-68
Lo 11T L0 F 20,0 j 12,5 300,83 1 95.4 | 87.0 | 97.0 | 08,7
"[‘rqumph: tnJ HOT (41,7 61} 41 95.0 | 41,6
rozen in JANuATY-.... : . . [ & | PR | S . . -
Frozan i April... oo i aE] el 1m0 | 95! ons 2t {aa RS BS }“5» 70
L0 |1 268.3 | 63.7 [ 180.0 | 4L.7{ 175,0 | 26,0 i 20077 | 870 | 08 | 076 0. 2
1

RESULTS AT ARLINGTON EXPERYMENT FARM

In the experiments conducted at the Arlington Experiment Farm
two plantings were made each year—one in April and a later one
in July. In each instance the seed was subjected to Yreezing, as
already described, about two wecks before planting time. The
method pursued, however, differed from the one followed in Maine
in that previous to planting the potatoes of each lot were classified
according to the degree of Injury, and these classes for each variety
were planted separately. In order to determing the extent of injury,
a thin transveuse slice snfficiently deep to expose all tissue across the
sten end was cut from each exposed tuber. The potatoes of each
variety were thus arbitrarily classified according to the extent of
freezing injury on the basis of the discoloration apparent in the
freshly cut tissue.

In 1924 and in 1926 these were classified in groups designated as
“had,” “slight,”” and “no injury.” In 1925 an additional group
designated as “medium” was used. Those classed as bad showed
definite necrosis of the wvascular system with large dark blotches
scattered over the cut surface of the tubers, indicating considezable
cellular breakdown; those clossed as slight usually showed a few
small dark-gray spots or a slightly grayish discoloration near the
vascular ring; those classed as medium showed a father intermediate
stage between slight and bad necrosis. In the seasons when the
- medium classification was not used the tubers that would have gone
into this group were divided between the slight and bad groups,
depending upon the degree of discoloration. apparent. The potatoes
classed as showing no injury presented a normal appearance in every
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respect and could not be distingunished from potatoes that had noet
been exposed to freezing temperatures. All of these potatoes
nndoubtedly were undercooled—that is, they were cooled down below
the freezing point, since they were left for 21 hours at the low
temperature, but owing fo some particular characteristics they did
: not freeze even after
heing jarred and
thrown into the
basket,

In the classifying
of the potatoes 2 cer-
tain number of soft-
type individuals were
found, as described
by Wright and Diehl
in another publica-
tion,* which, on cut-
ting, showed no dis-
coloration but proved
to be actually Iilled
by freezing, and
these decayed when
left for six or eight
days at the warm-
reom temperature.
These specimens
were distinguished
from pormal pota-
toes lavgely by the
odor, when cut with-
in one or two days
after exposure and
before actusl decay
commenced. Such
specimens have g
rather sour oder, as
distinguished from
the characteristic
smell of freshly ent
normal peiatoes, and
are slsoinclined to be
Fracne 4.-—Bad frecsing ti}:]léugt:l?gwu at the stem cnd of S]ightiy spfter and

to cut without the
characteristic crackle of normal potatoes. It was necessary to
exert some care in separating these specimens from the no-injury
group,
N Aﬁ) the potatoes, including the check x¢'ws of those unexposed, were
planted as soon as possible after the seed pieces had been eut. The
planting scheme was to arrange hundredth-acre rows in the following
order: Bad injury, slight injury, no injury, and check. Fach group
was replicated three or four times with each variety, depending upon

CWaienr, R, O, awd IneAL, H. C. FREEZING INJORY To POTaToms, U. 8, Dept, Agr.
Teeh. Bnl. 27, 24 p,, Nlus, 1927,
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the quantity of material available. Hand-cut seed pieces of approxi-
mately the same size were planted 14 inches apart.

The average ylelds of beth prime and cull stock, calculated as
bushels per acre for all classes of injury in each variety throughout
the experiments, are given in Table 2; and the percentages of
germination of seed in each lot and the yield in ounces per hill are
given in Table 8. The low yields for beth early and late crops for
1925 will be noted. They were due to unusually adverse growing
conditions throughout the season. As expected, judging from the
appearance of thre potatoes classed as bad, a satisfactory germination

Figyue 5,—Green Aountsin potatu>s from frozen seed plotographed In the feld,
Row 1, check, sred neot exposcd to frel?zinﬁ ;orow 2, seed exposcd fo freezing, but
4

showing no injury; row 3, seed showing a

ht freczing injury; row 4, seed show-
ing bad freczing injury

and yield in this group was not obtained. The extent of injury in
potatoes of this class included much of the tissue immediately sur-
rounding the eyes and in some cases included them. Those classed
as slight gave a varying germination from rather low to almost as
good as the checks, a‘)pm'ently depending upon conditions favorable
for germinntion. When the weather was quite favorable, as in the
case of the late crop in 1926, the percentage of germination in this
class equaled that of the check. In most cases the yield from those
classed as no injury was equal to that of the checks, whereas the
avernge of all crops showed a slight advanlage in yield in favor of
those classed as ho injury, '
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Tante 2—Aere yiclds obtained frem frozven seed potatoes at Arlingion Ex-
periment Farm, (924-1926

Dregrees of Iezing injury

Check
Vuriety Crop Bad l Afedinm 1 Ellght Nnna
t

.I !.Primes Culls P:iruusE Culls{l’rimes}(‘nlis Prim&;.‘f “ully | Primes) Culls

i : ) ——
i { Bush, | Bush.| Bush. Bush.| Bush. lﬁnsh. Bush. | Bush.| Dush. | Busk,
Green Monntain___ - Labe, 102400 _|..... 4.1 ) 1917 | 20,2 1822 | 2@
Trish Cobbler ... wad 138, &3 1.7 B5.7 1 13.3 | 1521 1.0
L Early, 10 3 0 I I8 R, SO 0.9 361
THomph. . e ... (gn X 57 i (S P 0.6 | 4.3
Grean Mountain, Lhte 1933 .. . 4.2 13.6 21 18.0| 7.3 240
Irish Cobbler..... i .de ) 3.5 197 ] ceaa| 832 180
Do.... Barly, 1028 [ 37,7 [ 125 i | s 97| 14
Triwmph. . e o s do.._ P 158 0.5 ). 129 50.6 (159 844 av
Cireen Ao Lante, 1926__1 115.0 | 6.4 ;. LB 153,3 | 104 } 132 5 a5
1rish Colider. do.. 0 2.3 &H- 20.9 |.._. 131 9.8
Triwmph. .. --.‘,do..___--l Bhu| 0¥, 20911070168} 969 10.8

It is probable that the favorable condition for germinating and
the early growing conditions are more important in determining the
vield from seed injured from freezing than from normalseed. Under
unfavorsole grewing conditions it is probable that the young sprouts
depend more upon the seed piece for nourishment; if the tissue of the
pieces is injured they will tend to decay quickly, and the new sprouts
will perish if they have not developed far enough to draw sufficient
nourishment from the soil,

TancE 3—termincetion end yicld per hill of prime pofatocs obtuined from frozen
secd polatocs al Ariington Beperiment Farm, 1924-1926

Degreo of freezing injury
Check
Bad Elight None
Varlety Crop -
£ | t B :
BE]| = 8l = |E8| = |EE| =
Rl Y |2 57| 2 v =
o - i o I W 1S Pt e
Pl 02 | Pl 0: | Pt 02 (Pt 02 |Pot| 02
Trish Cobblee ... Early, 1925 | 217 G1{6LA[ 1518600 5.4 |eoefoa s 8.1, 6§
Trivmph. .. .o Lo o 8L 27 97} LE{IL2 T Ld|. . ooifeeaeen M3 A6
Gresn Mountain. . ___ a2111,4 L0 401328 ; D3 [349)13.0({9.3; %O
Irish Cobbler......... 6.4, 52 D a4t e oo 0.6 54
Green Mountain__. 4,0+ 1.8 L BES 1L%|e38) Lo s an
Irish Cobbler_ 20| B2 _da32] o0|8n11100]84.0] 5
‘Trigmph. . WET L8], 66,81 541853 ) 50801 &S
Green Mou 5.9 125 4 eh8 112 09613071558 1LoO
Irish Cobbler. L& 123 [ 820 [ 1L, | 00,51 11,2
Triumph..___ 5.0 &g 4| B21038| 9.3 044 8.0

A theoretical explanation will have to suffice to account for the
presence of potatoes showing ne injury after the rather severe ex-
posure deseribed and for the slightly larger average yield and greater
vitality of these potatoes. It is possible that these individuals were
somewhat more resistant to freezing than the average, Data® already
published show that potatoes develop symptoms of freezing injury
m as short a period as one-half minute after actual freezing begins.

Eavuwrcerr, L€, and Tnenn, 0. G Op, clt,
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Tt is conclucied, then, that the potatoes showing no injury did not
actually freeze, although most of the surrounding ones showed vari-
ous degrees of injury from very slight to being frozen to death. It
further seems possible that other qualities exist to a greater degree
in these resistant individuals, rendering them slightly moere produc-
tive under certain conditions than the average. The greater vitality,
as indicated by larger and more vigorous plants, was marked t-hmugg—
out the growing seasons from the time the plants appeared above the
soil until maturity.

Table 3 shows & greater yield per hill from no-injury stock over
the checks in all but one case, althovgh the average hill had no more
growing space and the average percentage of germination of this
stock was practically the same as that of the check, if not slightly
areater. Some of this difference may be attributed to the thin frans-
verse slice sufliciently deep to expose all tissue across the stem end
being cut from cach exposed tuber in order to examine the degree of
injury. Although this slice was not cut from the checks or unex-
pased tubers and no eves were cut off in making the examination, it
is pessible that in cutting sced picces of equal size some of those
having ends sliced muy have had an additional eye included on
certain sced pieces, which might anccount for some difference in the
yield. All the results obtained at the Arlington farm are shown in
Figure 1. In Figures 2, 3, and 4 are illustrated the yarious stages
of freezing injury in potatoes described as no injury, slight, and bad.
Tigure 5 is from a photograph taken in the field, showing the differ-
ence in the appearance of plants from frozen seed.

CONCLUSION

Trom the results presented herewith it seems probable that under
cortain conditions seed stock known to have been more or less frozen
can be used if properly handled. Assuming that an effort is to be
made to utilize all usable muterial, it is evident that as soon as a lot
of frozen potatoes is well thawed the first procedure should be to
discard all soft or wet tubers in the entire lot, for these have been
frozen to death and will quickly decay and contaminate the surround-
ing potatoes. If the remnining potatoes are to be stored for any con-
siderable time, a second inspection would be advisable to eliminate
any specimens in which the decay has developed more slowly than
in those first removed. As soon as convenient the potatoes saved
from the previons inspections should be inspected Ly cutting off a
thin transverse stice sufficiently deep to expose all tissue across the
stem end of each tuber, or, if preferable, by cutting each tuber in
half. Those showing extepsive blackening or discoloration of the
freshly cut tissue and those that may appear normal but have a rather
cheesy texture and sour odor when cut should be discarded as being
undesirable, and the remainder may be put back into storage until
needed for planting. In this way the quantity of undesirable seed
steck can bLe determined, in order that 3t may be replaced by new
stock. Tf desirable, however, after eliminating the soft and web
specimens, the sound stock can be left in suitable storage until plant-
ing time. when those individuals showing serious internal discolora-
tion may be discarded when the seed pieces are cut for planting.
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SUMMARY

Potatoes treated as described in theserexperiments and’showing
tonsiderable blackening or GQiscoloration »f the freslﬂ%f cut tissue gave
S0 poor & stand as to render-them econvmically unfit for seed pur-
poses, although the yield per hill was comparatively good.

Tubers showing slight freezing—that is, injury caused by or ac-

companying the crystallization of water in the tubers—proved
suitable for seed.

An increased vitality and yield was indicated in certain potatoes
that showed no indication of freezing injury after being exposed to
temperatures that caused marked injury to other tubers of tlixe same

Iot. Whether this is due to the elimination of tubers of low vitality

by freezing or to some stimulation of the growth processes was not -

determined. This point deserves further investigation,
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