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Technical Bulletin No. 424 @{@ﬁ May 1934

UNITED STATES DEPARTMENT OF AGRICULTURE
WASHINGTON, D.C.

INFLUENCE OF STORAGE TEMPERATURES
ON THE REST PERIOD AND DOR-
MANCY OF POTATOES

By R. C. WrianT, physiologist, and Warrer M. Pracock, formerly associate
horticulturist, Division of Fruit and Vegetoble Crops and Diseases, Bureau of
Plant Industry .
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INTRODUCTION

Under ordinary storage conditions potatoes will nc % sprout for some
time after being dug. 'This period of apparent inactivity is commeonly
known as the rest period. Appleman’ says, in writing about certain
Isboratory experiments, this “period varies in different varieties hut is
quite consfant in any given variety. When a few tubers of a lot begin
$o sprout, it is & matter of & fow days until all will sprout.”

It1s of importance both to the grower and the storage man interested
in the keeping of potetoes in a dormant condition either for eating
stock or for seed, to know how long he mey expect to hold potatoes
of & given variety in the desired dorment condition. From s market-
ing point of view sprouted potatoses are undesirsble. They are not
desired for food, and the commercial seed dealer does not wish to
handle them because the sprouts break off in hendling and growers
doubt the value of such seed after the first sprouts have broken off.
Appleman,? however, fournd thet breaking off one or two crops of sprouts
has no injurious effects se long as other conditions are kept favorabla.
When seed stock has reached the sprouting stage the tubers some-
times tend to becoms soft and shriveled and so less desirable.

There is some eonfusion as to the meaning of the ferms “dormant
period” and “rest period.” In this discussion, the term “rest

eriod”’ in potato tubers refers to that period immediately following
arvest during which they will not sproui even when kept under

t APFLEMAN, C. Q. S7UDTY OF REST FERIOD [N FOTATC TUBERS. Md. Agr. Expt. Sia, Buil 183, pp.

181-229, filns. 104, . )
P APPLEMAN, 3. O POTATO SPROTUIS AS AN INOKX OF SKED VALUE., Md. Agr. Expt. Sta. Bull 265,

pp. 7258, 1llus. 1034,
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favorable growing conditions. Under the same conditions at the end
of this rest period growth activity evidenced by the production of
sprouts becomes apparent. On the other hand, if potatoes are held at
a temperature tooll)ow for sprout growth they will remain in a dormant,
condition until they breal down physiologically, If these potatoes
are subjected to cenditions favorable for growth at any fime after the
rest period is over and befors this physiclogical break-down takes
placo, they will sprout. The rest period of potatoes is_therefore
determined largely by inherent factors, whereas dormancy is depend-
ent upon both inherent and external factors.

Much is to be found in the literature concerning the many causal
factors related to the rest or dormant periods in_potatoes or other
plants; henee this phase of the subject wall not be discussed at langth.
Miiller-Thurgau ® was ono of the early investigators interested in the
underlying causes of the rest period of potatoes. He concluded that
conditions causing the formation of diastase marked the end of the
rest period. He found ne diastase in resting potatoes but always
found it in sprouting potaiees.

Considerable investigation of artificial methods for shortening the
natural rest period for commercial purposes has also been conducted
recently, and the results have been published.!

EXPERIMENTAL STUDIES

The purpose of the present investigation was to defermine the
extent t0 which the range of the controlled storage or holding tem-
peratures most frequently met with in the orﬁ'mary commereial
hendling of potatoss influenced the duration of the rest and dormant
periods.  The plan did not include the use of chomicals or of wounding
practices or any other treatment to brook the rest peried. .

In order to eliminate os far as possible complicating extraneous
factors the potatoes used in the tests were grown and stored on the
Arlington Experiment Farm at Rosslyn, Va. The varieties studied in-
ciuded the Irish Cobbler, Triumph, Early Rose, Spaulding Rose,
Green Mountain, and Russet Rural, and all were from selected seed
stock. The work wes started in 1925 and continued through 1927,
Each year two erops from oach variety, consisting of an early and a
late planting, were utilized. The early crop was planted in April
and the late one in July of each year, Two harvestings were made
from each planting, The first consisted of immature stock dug at
the first signs of normal yellowing and dying of the tips and edges
of the leaves, which is usually considered an indication of approsch-
ing maturity, and the second consisted of mature stock dug after
the vines were entirely dead and the skins of the tubers well “set”
so that they would not readily rub off wher handled. The immature
tubers were harvestad on an average of about 2 wesks in advance of
the mature potatoes. The maturo tubers of the early crop were
usually harvested in July or August, depending on the growing ses-

son and the variety, whereas the late mature crop usually was dug

1 MOLeeR-TAURGAT, H. UEZDER ZUCRERANHADFONQ IN PFLANZENTHEILEN IN FOLGE RIFDERER TEM-
PERATUR. Fandw, Jaheh, 11 (751828, 1882

i DRENNY, F, E. HASTENING TILE RPROUTING OF DORWANT POTATO TUDERS.  Arer. Jour. Bot, 13: 118125,
1028,

SECOND RETORT DN TEE USE OF CHEMICALS FOR HASTERING TR SPROUTIHG OF TORKANT POTATO
TepEus, Amor Jour, Bol. 13: 388308 1034,

STuART, W.,and Musrean, S, H. DaRzaFING TEX AEST TERIOD OF THE POTLTO. Proo. 18th Annnsl
Muogtlng Potato Asaca. of Amer., p. 20-30. 1621,
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in early November. Thus there were four lots each year consisting
of an immeture and a mature crop from both eerty and late plantings
of each of the six varieties.

The potatoes were graded by hand 3 to 4 days after digging, and a
selection of nearly uniform medium-sized tugers was made, these
being divided into sublots of about & bushel each for storage. The
storage temperatures were held constantly at 36°, 40°, 50°, 60°, and
70° I., with relative humidities of 85 to 90 percent. 'The lots were
put in storage within 3 to 4 days after heing dug. Every week or
two, samples of 10 tubers from each lot of potatues held at each tem-
Eemture were sclected at vandom and transferred in 4-quart veneer

askets to 8 room (hereafter referred to as the sprouting room) held
ab a constant temperature of 70° with & relative humidity of about
90 percent.  Preliminary tests comparing potatoes held as deseribed in
the sprouting room, with those covered with moss and wet sand,
showed no difference in time for the appearance of sprouts. At weekly
intervals after these samples had been placed in the sprouting room
& count was made of the tubers showing definite sprouts. The
rest period was regarded as completed for any tuber when a single
sprout was visible. The selecting of samples from each lot and plac-
ing them in the sprouting room was continued until all 16 tubers ger-
minated within 2 weeks. When this was accomplished it was arbi-
trarily assumed that the rest period of the particular lot of potstoes
being sampled was at an end. ’

NEST PERIODS AT DIFFERENT STORAGE TEMIERATURES

The sampling, as already described, started about 2 weeks after the
beginning of the storage periods, but in most instances no sprouting

was evident after this stornge geriod plus the additional 2 weeks’

period in the sprouting room. Since the aim was to determine after
what period of storage at o given temperature all the specimens in s
sample would germinate within 2 weeks when kept in *he sprouting
room, regular periodic sampling was not initinted until it seemed that
the end of the rest period was approaching.

Table 1 shows the percentage of germination in the successive
samplings of all lots held at the different storage temperatures after
2 weeks in the sprouting room.
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TasLa 1—Percentage of lubers from iarlg/ and late-planted and malure and immature dug crops, showing eprouts after 8 weeks sn the sprouting
room (70

F.) following increasing periods in storage at different lemperatures
IRISH COBBLER

Sprouting after 2 weeks at 70> F. plus number of weeks in storage

Degree of maturity
when dug
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1 Tubers were injured by this storage temperature in some samples as the storage time was increased.
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TasLE 1.—Percentage of tubers from early and late-planted and mature and immature dug crops, showing sprouts after £ weeks tn the sprouting
room (70° F.) following increasing periods in storage ot different temperalur ontinued

EARLY ROSE

Sprouting after 2 weeks at 70° F. plus number of weeks in storage

Degree of maturity
when dug

10 11 12 13 14 15 16

Pd. | Pd. | Pet. | Pet.
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TasLe 1.—Percentage of tubers from early and late-planted and mature and immature dug crops, showing sé;routs after 2 weeks in the sprouling
raom (70° F.) following $ncreasing periods in storage at different temperalures— ontinued

GREEN MOUNTAIN

Sprouting after 2 weeks at 70° F. plus number of weeks in storage
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RUSSET RURAL
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The date are condensed and summarized in table 2 so as to show
the aversge time that elapsed before 100 percent germination in 2
weeks in the sprouting room was produced in successive samplings
of mature and immature potatoes which had been held prevlousTy
ot temperatures ranging from 36° to 60° ¥. The rest periods of
potatoes held continuously at 70° are shown for comparison. In the
case of the Irish Cobbler and Triumph varieties the data ars incom-

lete because of injury ® resulting {rom immediate storing of newly
Earvested otatocs at a temperabure of 36°. Many tubers became
80 badly injured at this tamperature that they were disearded. Those
transferred from the 36° room were selected for freedom from apparent
cold injury; those from the rooms held at other temperatures were
taken ot random.

During the first 2 years of this work lots of potatoes were gimilarly
stored at 32°, but low-temperature injury showing itself in the killing
of the eyes and other symptoms rendered the results useless so far
as this study is concerned.

TanLe 2.—Average length of resi periods of poluloes held al various slorage lempera-
tures, as tndicated by the lime required for 100 c;oercem aprouting lo occur afier they
had been held 2 weeks in the sprouting room (70° F.); alao the rest period of polatoes
held conlinuously at 70°

IHest perind afier stornge at
tamperature of—
Maturity of crap
when dug
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I The dats presented in this column wero obtained from potatoss Leld contlnuensly et 7" F,, with 2
works dedueted from Lhe (e of sproutiog o arder to presant tha resulls oo 8 par with thoss of potatoes
held at the other temperatures.

¥ 1926-crop tubers Injuzed by this storago temperature.

A point of interest brought out in table 2 is the tendency in most
instances for potatoes of the early crop, which matures and is har-

§ This does oot refer to freesing Injury, as freszing of potato tissue will not take placo at 32° B, or above
For n 1nore complete discussion of low-temperature {njury soa PEacocE, W. M, and Wrionr, B. C., Low
TEMPERATURE INJURY TO FOTATOEN WIIEN 8TORED SHORTLY AFTER BARVEST,  Potato Assor, of America,
1Lk e, meeting, Dee, 2820, 1028, Proveedings pp, 80-101. 'Wnianr, R. O., PEicocE, W. M., THE 8T0R-
AGE 0¥ POTATOEY MMMEDIATELY APTER ITARYEST. Fututo Assoc, of Amerigs, l4th ann meetlng, Deo
28-30, 1027, FProceedings pp. 126-130,
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vested during the heat of midsummer, to have & shorter rest period
than those from the samo lot of seed but planted later and mabured
and harvosted in the fall.  An exception to this generalization is seen
in the instances of Irish Cobbler and Triumph vericties from storage
tomperatures of 60° and 70° I, where the opposite is shown. Another
point of importance is the fect that the rest perioed of mature pota~
toes was approximately 1 to 8 weeks shorter than that of immature
potatoes,

On gccount of the dissimilar results obtisined from the different
varioties and from the early and late crops it is obvious that these
must bo considered separately in studying the relative influenco of
the various storage temperstures upon the rest period. It can be
snid safely, however, that there is a general tendency in all erops
toward 2 shorioning of the ress perioﬁ a3 tho storage temperature
incroases.

The rest poriod of the early mature crops of all variatios proved to
bo influenced less by the different storage temporatures b‘hnn ware
the late mature ¢rops, while the ourly mature crops of the Early
Rose and Russet Rural varieties wore apparently loss affectod than
were the other varieties. The average rest period of the mature
rotutoss of the late-planted crops of the Irish Cobbier, Triumph,
urly Roso, and Speulding Rose varicties was 5.5 weeks or 42 por-
cent shorter when stored at 60° F. than when stored at 36° I'.; with
the Green Mountain and Russet Rural varietios the difference was
rather insipnificant,

At 40° ¥, tho usual commercial storage temperature, the shortest
rest period of the late mature potstoes, which represents the cro
usunlly stored, occurred with the Spaulding Rose varicty, whicﬁ
averaged 9.3 weeks for the 3 years. Next in order were the Early
Rose, 10.7 weeks; Green Mountain, 13.5 weeks; Russot Rural, 14
weoks; and Irish Cobbler and Triumph varieties, 15 weeks each.
In the same test the varistios of the early mature crops arranged in
the order of their rest periods were Spaulding Rose, 6.7 weoks; Early
Rose, 7 weeks; Russet Rural, 9.7 weeks; Triumph, 11 wecks; Green
Mountain, 11.3 weeks; and Irish Cobbler, 11.7 wecks. The rest
periods of the irmmature carly and late crops of all varieties held at
this temperaturs averaged slightly over 4 wooks Jonger than those
of the mature potatoes. These data support the results reported by
Rosn,* who stored both mature and immature lots of the White Rose,
Ideho Rural, and Irish Cobbler varieties for an average of 31 days
at 73.4° and 33.8° F,, after which they were cut into seed picces and
planted in soll. Sprouts from the mature seed potatoes appeared
above the ground before those from the immature onoes.

DORMANCY AT DIFFERENT STORAGE TEMPERATURES

While the daia were being taken on the sprouting of potatous
transferred to the sprouting room, records were also made of the
spreuting as it occurred under continuous storage at the various
temporatures, The lowest tempereture at which such sprouting was
noted was 40° F.  Records wore kept of potatoes stored at 40°, 50°
60°, and 76°, and the time when all of the tubers of each lot had

¢ Htosa, I, T, RELATION OF TUBER MATUIUTY AND OF STORAGE PACTONS TO ¥OTATC DOLMANCY. K-
gardic 3; -1, {Hoy, 1923,
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gprouted at these temperatures is given in teble 3. No consistent
goneral difference was observed between the early and lntes mature
crops, but in the immature crops those planted late apparently re-
quired n somewhat longer poriod to sprout than did 151059 planted
early. Also, most of the immature tubers when stored required a
senewhant longer period to sprout than did the mature ones.

TaBLE 3.—The average dormanl period (fime when 100 percent show sprouts) of
polaloes kepl continuously al various slorage lenmperalures

Number of woeeky heolid at—
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As might be expected, the varieties studied showed varying germi-
nation respenses when held at different storape temperatures, For
example, at 40° F, storage the mature tubers of different varieties
began germinating in an average of 16.5 weeks in the cass of the
Early Rose variety, whereas the Spaulding Rose variety required
19 to germinate; Russet Rural, 20; Triumph, 23; Irish Cobbler, 24.5;
end Green Mountsain, 26 weeks. In general, the dormant period
shortened as the storage temperature increased. Averaging all
varieties, the dormant period at 70° continuous storage was practi-
colly half of that at 40°. The immature potatoes in general remained
dormant longer than the mature ones. After sprouting had started
st each temperature the higher the storage temperature the more
rapid the rete of growth. At 40°, after sprouting was evident, the
growth of the sprouts was very slow. Lven after 2 months the
mereaso in length of sprouts was almost insignificant.
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REST PERIODS IN LOTS TRANSPERRED TO THE SPROUTING ROOM AFTER DIFFERENT
STORAGE PERIODS AT VARIOUS TEMPERATURES AND LEFT UNTIL SPROUTING
FINALLY GCCURRRED

In addition to the data already discussed there accumulated certain
data from which it was possible to select instances showing the length
of rest periods for potatoes moved to the sproutiug room and held
beyond the usual 2 weeks’ period until sprouting finally occurred,
after having been held in storage st 36°, 4y°, 50° and 60° F. for
increasing periods of time. This Information is of seientific interest as
well ag of practical value when it is desirable to know how scon
potatoes germinate following removal from stornge for different
periods at various temperatures, These data sre sssembled in table
4 to show the time required for all of the potatoes in a sample to
germinate in the sprouting room after increasingly lengthy periods
In storage at different temperatures, It is nmot possible to present
this table in the form of » summary because of the irregular transfer
pericds of the different lots. In genersl, the various lots were
transferred to the sprouting room after 2 to 5 weeks in storage and
at fairly short interyals thereafter.




TABLE 4—~T'mra requzred for 100 percent germination of lubers in sprouting room. afler various preliminary periods in storage al different .

temperalures

IRISH COBBLER

When planted

Degree of matu-
rity when dug

Storage

tempera-
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Average perivd in sprouting room after being storéd for the nuniber of weeks indicated
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1 Tubers injured by the storage témpemture.




TapLy 4.—Time required for 100 percent germination of tubers in sprouling room afier various preliminary periods in atorage at different
lemperatures—Continued

EARLY ROSE

[u—y
(=]

Average period in sprouting room after being stored for the number of weeks indicated

. | Degree of matu-
When planted rity when dug t: - ;
10 |1t 12 13 14 15 . 16 17 18 19

TWeeks| Weeks | Weeks | Weeks | Weeks | Weeks | Weel:s| Weeks | Weeks | Weeks | Weeks Weeks | Weeks | Weeks | Weeks | Weeks} Weeks
Early 1926 3 3 2

Late 1926 i} . - 5 3
Early 1927 _.___ 3 2

Late 1027 3
Late 1926, ]
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Early 1025
Late 1925
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Late 1027,
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Late 1025.
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Early 1927,
Late 1927,
Early 1925
Late 1925
Late 1926,
Late 1927.
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Tanus 4.—Time required for 100 percent germination of tubers-in sprouting room afier various preliminary periods in storage al different
temperatures——Continued

GREEN MOUNTAIN

Average period in sprouting room after being stored for the number of weeks indicated

. Degree of matu-
When planted rity when dug

-8 n 12 13 14 ) 15 18 17 18
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It will be noted that the time required for total germination in the
sprouting room decreased ns the storage period increased. ‘This
decrease, however, was not in the same proportion as the increase in
the storage period. There was, therefore, an actual increase in the
total period considering the time in storage plus that in the sprouting
room. This increase, which was more marked at the lower tempera-
tures, ¢ontinued up %o the end of the rest period, or to the time when
100 percent germination had acourred.

SUMMARY

The rest, period in potatoes is the period immediately following their
harvest during which they will not sprout even if kept under fuvorable
growing conditions.

The dormant period includes the rest period and may extend over
such time as potatoes may be kept at temperatures unfavorable for
growth without undergoing physiological break-down.

A study was made of the influence of storage temperatures ranging
from 36° to 70° F. on the rest pericd and the dormant peried of six
varieties of potatoes grown and stored at the Arlington Experiment
Farn, Rosslyn, Va,

In"this investigation the duration of the rest period at different
storage temperatures was determined by storing potatoes at 36°,
40°, 50° and 60° F. and recording the time they could be stored at
each storage temperature before sample lots of 10 tubers each would
germinate 100 percent after 2 weeks in a germinating room held at
70° with a high relative humidity.

The duration of the dormant period of potatoes stored at 40°, 50°,
60°, and 70° F. was determined by recording the time when all the
tubers of a given lot germinated.

When stored at 40° F. early-planted potatoes, maturing during the
heat of the summer, had a 1 to 6 weeks' shorter rest period than those
maturing in early November,

A tendency toward a shortening of the rest period as the storage
temperature increased was evident. '

The average rest period of the late-maturing potatoes of the Irish
Cobbler, Triumph, Early Rose, and the Spaulding Rose vavieties was
5.5 woeks shorter when they were stored at 60° F. than when they were
stored at 36°. With the Green Mountain and Russet Rural varieties
the storage tewnperature had little influence upon the length of the
reat period.

At 40° F. storage the rest periods of the late-maturing crops of the
different varieties were determined as follows: Spaulding Rose, 9.3
weels; Early Rose, 10.7 weeks; Green Mountain, 13.5 weoks; Russet
Rural, 14 weeks; Irish Cobbler, 15 weeks; and Triumph, 15 weeks,

The rest period of immature potatoes of all varieties averaged
between I and 8 weeks longer than that of mature potatoes, whereas
the latter were dug, on sn average, 2 weeks later than the former.,
This difference, however, appeared to be greater during the early
part of the storage period than later. Furthermore, these differences
varied from crop to crop, probably because of growing conditions.

The dormant periods at 40° F. storage of the different varieties of
mature potatoes, or the time required for all the tubers of a given lot to
sprout, was determined us follows: Early Rose, 16.5 weeks; Spaulding
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Rose, 19 weeks; Russet Rural, 20 weeks; Triumph, 23 weeks; Irish
Cobbler, 24.5 weeks; and Green Mountain, 26 weeks.

Sampfa lots of potatoes were transferred after incressed periods of
st/irage at different temperatures to-the sprouting room (76° F.) and
wers kapt there uui:i-sll the tubers had sprouted.” While the holding
period before growth oceurred in‘the sprouting room decreased s the
storage iime increased, the total atorage and holding timme usually
increased until the end of the rest period. The time required in the
sprouting room for 100 per¢ent of the potatoes to germinate remained
practically constant, in most cases, during the early part of the storage
period, though meanwhile the total length of that period at the varicus
temperatures was increasing. Towarg the end of the storage period
the (gm'e' required for germination in the sprouting room
rapidly.
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