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INTRODUCTION

One of the questions most frequently asked regarding the storage
of potatoes is what temperature it is most desirable to maintain in iﬁe
storage house. Until recently little scientific study of this question
had been made. It is true that many growers and potato deslers
had very definite ideas relative to the best temperature, but they were
not based on careful experimontal data. In order to ascertain some
of the facis concerning the comparative keeping qualities of potatoes
when subjected to various temperatures, the Bureau of Plent In-
dustry, United States Dapartment of Agriculture, undertook a study
of the subject during the winters of 1918 to 1924, inclusive. The
original purpose of this-study was to determine the proportion of
shrinkage during a full storage period end throughout two full storage
periods, or approximately 18 months. It was also intended to throw
some light on the inhibition of germination.

Three rooms were used in the eold-storage house at the Arlington
Experiment Farm, Rosslyn, Va. One was held as near 32° F, as
possible, arother at 36°, and a third at 40°. 1t was found that
dormaency of the tubers could be maintained indefinitely at tempera-

o bures of 36° or below, but that at 40° some germination was almogt

cvecertain to occur if the storage period was prolenged much beyond

22 April 15.

. ] t The writers wigh to ackuowledge their indebtednass to the Marble Laboratory (Ino.), Canton, Pa.,,
L& Sor furnishing storage facilities, as well as the sarvices of Maleolm E. Bmith in taking tamperatura and
L)

1

dity records snd makiog mast of the welghings of the stored material,
= $1155—29—1
y 7 °
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LOSSES IN WEIGHT OF POTATOES IN STORAGE

The shrinkage involved In storing potatoes from fall until the follow-
ing spring is of considerable economic importance to both the grower
and the dealer. This loss in weight usually ranges from 4 to 20 per
cent but under exceptionally poor conditions mey reach 25 to 30
per cent. As such excessive loss is generally due to several factors,

such as field frost, late blight, or other tuber rots, in many of the data.

relative to storage-house shrinksge no attempt has been made to
distinguish moisture and carbon dioxide losses from those caused by
decay or by mechanical injuries resulting from the harvesting and

storing of the crop. .
PREVIOUS INVESTIGATIONS

French and German investigators have published very interesting
data on the subject of storage losses. As early as 1865 Nobbe (7} ?
reported the results of experimental studies concerning the loss of
water and carbon-dioxide ges from potato tubers in storage between
December 12 and June 7. Unfortunately, these studies were based
on but twe »dlected tubers under esch set of conditions tested. His
experiment embodied eight separate combinations of three factors,
namely, temperature, moisture, and light, i which comparisons were
made regarding the loss in weight of different lots of tubers stored
(1) in & cuol, dry, lighted space; (2} in & cool, moist, light room; (3)
in a cool, dry, dark room; and {4) in a cool, moist, dark place. Simi-
lar comparisons were made in & warm room. The decrease in weight
was as follows:

{rams
(1) Cool (30° to 61° F), drey, light. .. .o 34. 05
{2) Warm (77° 20 95° F.), dry, light .o 57.95
(3) Cool (50° to 61° F.), maist, Hghte o oo e oo mae 20. 15
{4) Warm {77° to 95° F.), moist, light _____ . ________ 57. 65
(5) Cool (50° to 81° F.), dry, dark. o oo 34. 45
(6) Warm (77° to 95° F). dryv, dark o ___ 63. 25
{7} Cool {50° to 61° F.), moist, dark.__ ___ . ... 13. 38
{8} Warm (77° to 95° F.), moist, dark . ___ 62. 10

As might be expected, the smallest loss occurred in potatoes stored
in # cool, moist, dark place, and the heaviest loss oczurred in those
held in & warm, dry, dark room. Unfortunately, Nobbe neglected
to mention the original weight of the tubers stered under each set of
conditions: it is necessary, therefore, to assume that the weight of
those stored under each set of storage conditions was identical.

A careful analysis of the temperature, moisture, and light factors
involved in Nobbe's experiment would sesm to indicate that the first
wes the most important of the three. For example, if the four sets
of data from the cool and the warm chambers at each temperature
are added together, the loss in weight from the cool chambers totals
12 grams as against 240.25 grams from the warm chembers. A
similar comperisonn of the humidity sl.iows a loss of 153.25 grams
from the moist chamber as compared with 189 grems from the dry
one. As the effect of light is found to be practically nil, the two sig-
nificent factors therefore are temperature and moisture, and in view
of the fact that Nobbe does not indicate the degree of humidity
maintained or the vapor deficit, it would be unwise to assume that
temperature was more important than moisture. According fo
Nobbe's figures, the ratio of gas to water is 1 to 35.

1 [ialie numbers in parentheses refer o + Literature eited,” p. 15,

S,
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In the Agricultural Calender for 1891, by Mentzel and Lengerke
(6, p. 161), data relative to the decrease in weight of 100 kilograms of
potato tubers in storage are given, but no statement is made regard-
ing the source. The observations reported extend from the first of
November to the end of June, the percentage of loss in weight being
given by months as foliovs:

Per cent

November . e 0. 56
December__ . ________ e —— 2 56
JAn Y e e __._ 1. 00
Yebruary . o e 1. &
Mareh. _ e .08
APril e 1,40
My e ——————— 2. 00
Jume o cccmmeemee o 7. 60

Total 1085 . o oo e e e ———— 16. 98

In 1891 Wollny {10, p. 291} published the results of studies made
on 100 selected tubers of 12 varieties of potatoes placed in containers
and stored in a dry, deep cellar in which the proper light and & nearly
constant temperature (43° to 45° F.) were maintained. Weighings
were made on the Ist and 15th of each month. The average loss
for the whole period was 6.17 per cent. The losses from the indi-
vidual varieties varied from 4.55 to S.48 per cent. g

Denaiffe’s (3) investigations included eight varieties on which he
studied the decrease in weight from December 1, 1904, to June 1,
1905. One hundred kilograms of each variety was used. The
average loss from these varieties during the 6-month period was 7
per cent, the losses varying from 5 per cent in Up-to-Date to 9.5
per eent in Royal Kidney. Taft and Hedrick (§) report e loss of
5 per cent in weight in a barrel of potatoes stored in a basement
celiar from September 30 to March 28, and of 6.5 per cent from
March 28 to May 1, or a total loss of 11.5 per cent.

Studies by Fraser {{) on the decrease in weight of Sir Walter
Raleigh and Carman No. 3 tubers stored in crates in a cool cellar
from November 6, 1903, to April 27, 1904, showed a loss of 12 per
cent in the former and of 10 percent in the labier.

Studies by Butler (Z) on the relation of temperature to loss in
weight of Green Mountsin potatoes placed in storage November 12
show the percentages of loss stated in Table 1 and corroborate Nobbe's
{7) results regarding the relation of temperature to loss of weight.

Tasre 1.—Loss of weigni by Green Mounlain poloices in storage, as recorded by
Butler

Loss at stated intervails

Storsge temperatuce 0
30 days | 62 days | B0 Gays | 120 days | 150 days

*F. Per cent | Per cend | Percent | Percent | Per cent
i 0.58 1,43 1,43 2.2 2 58
L O 1.26 253 3.37 4,2 7. 18
B e e 1.52 237 4. 01 £.65 1L, 58

Butler also mede a comparative study of the respiration end
transpiration losses from two lots of Green Mountsin potatoes re-
moved January 26 from ordinary storage and subjected to & tem-
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perature of 50° ¥., one lot being exposed to free circulation of air
and the other being stored in dead air. At the end of 90 days it was
found that the lot exposed to free air had decressed 8.96 per cent in
welght, whereas the other lot showed a decrease of owly 1.35 per
cent, At the end of 119 days the percentages cf loss were 17.24
and 2.79, respectively. I was also found that those exposed to
free air germinated in 43 days, whereas those in dead air remained
dorment.

The effect of tuber-wound injuries in ~elation to moisture loss in
storage reported by Butler {2) indicates & greater shrinkage from
infured than from uninjured stock., It was further found that a
longer period was required to repair the injury when the potatoes
were stored at from 46.4° to 50° %‘ than when they were stored at
65° for s short period and then placed in the lower tempefature.

In studies on the loss of moisture, conducted at the Marble Labora-
tory (8, p. 83), Canton, Ps., observations were made on impasture
Russet Rurals from December 1, 1924, to May 1, 1925, a term of
151 days. These studies involved the relation of ventilation or air
eirculation to moisture and carbon dioxide losses. Equal numbers of
tabers of the same weight were placed in each of 12 desiccators. The
rate of sir change varied from one change in 24 hours to four changes
an hour, effected by an air-suction line connected with the desiccators.
The air passing through ne desiccators was first drawn through cal-
cium-chloride tubes to remove the moisture; the air drawn from the
desiccators was also passed through calcium-chloride tubes, and the
moisture so removed was determined by reweighing the tubers. The
weight losses from the tubers are given for two perieds of time,
December 1, 1924, to February 18, 1925, aad the total period Decem-
ber 1, 1924, to May 1, 1925, because the disturbing factor of germina-
tion, with its accompanying chemical and physiological activities,
begen about February 18.

These dats, as presented in Table 2, indicate that loss in weight up
to the time of germination was proportional to the number of air
changes. It iz apparent, therefore, that excessive ventilation is
undesirable from the standpoint of maintenance of weight.

TasLe 2—Transpiraltion and respiralion losses from 4 Lilograms of polatees under
varying degrees of aeration af the Marble Laboralory from December 1, 1924, fo
May I, 1925

Loss in waight from— -

Freguency of sir chopge
Diac. 80, 1924, to Deg, 1, 1824, to
Feb, 18, 1925

May 1, 1025

Grams | FPercent | Grame | Percenl
Oncein 28 BOUIS, . o o iiecmimmmmmemesemem—e———————— L G7 0.580 65, 76 L&
Opeein (2 bhoars_ .. 50.97 1.27 122, 7 o7
Once in § hours. .. 8847 2721 | g2 4.92
Quca st hour, J 12.08 312 368, 36 1 9. 16
Twicaan Bour .« oo e —————— 157. 55 %1 486,90 . 1217
Three thnes an hour 107. 84 4,05 562 23 14.05
Four times an howr_ ... . 228,73 5.74

531 46 15. 79

In potato-respiration studies by Kimbrough (5) it was observed that
the rate of respiration was high immediately after digging, but that
when equilibrium was reached it remained constant throughout e,
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storage period of 100 days. The removel of potatoes from a low to &
high temperature resulted in an immediate scceleration of respira-
tion much beyond that in tubers continuously stored at the higher
temperature.

LDEPARTMENT OF AGRICULTURE STUDIES

In 1920 preliminary storage studies were underteken by the Office
of Horticulture, Bureau of Plant Tndustry, for the purpose of deter-
mining the relative losses from potatoes stored in a modern cold-
storage plant at 82°, 36°, and 40° F., respectively, and the effect of
these temperatures on the vigor of the seed stook. The Irish Cobbler
and Gold Coin varieties were selected for study, and the ftubers
were stored in barrels. Some of the barrels put into storage in the
fall of 1920 were held through two storsge periods. The data sub-
mitted in Table 3 represent the losses due to transpiration and respira-
tion, together with those occasioned by germination and decey.

TanLe 3.—Fosses in weight and percentage of decay of Gold Coin and Irish Cobbler
tubers held' in storage al Arlington Bxperiment Farm from November 26, 1920,
to April 20, 1922

Weight of tubers
oco—
3torage Lossin | TUPES | pypers
Varioty t“’?ug.‘:m' weight in‘msggd_demyed
Nov, 26, | Apr. 10, £
1920 1922

A oA Pounds | Poundy | Per cent | Per ie;ag Fer cent

Gold Coln. e eae 32 IT7.5 151. 76 4.6 . 8.5
36 18L.0 155 15.2 51,5 48,5
40 1585 130.0 2.4 L8 3.2
Irish Cobbler. (ocecencencn.n.. az 1810 150, & 3.0 278 24
40 180, 25 157,28 12.8 9.8 4.1

It will be observed that the period of storsge extended from
November 26, 1920, to April 20, 1922, or 510 days. A barrel of Gold
Coin was held in each of the three storage rooms throughout the whole
period, while the Irish Cobbler was carried only in the 32° and 40°
F. rooms. The weight losses from the Goid Coin stock were slightly
greater in the 36° . room than in 32°, and both were considerably in
excess of that at 40°. The most Interesting feature of the dats was
the condition of the stock when removed from storage as judged by
the percentage by weight of sound snd decayed tubers. For example,
(Gold Coin stock held at 32° showed only 11.5 per cent {fig. 1} sound
tubers, whereas that held at 36° showed 51.5 per cent (fig. 2) and
that at 40°, 96 per cent (fig. 3). Very similar résults were obtained
with Irish Cobbler, in which the percentage of sound tubers at 32°
was 27.6 and at 40°,95.9 per cent. (Figs. 4 and 5.)

The decay of the tubers is not assumed to be primerily ettributeble
to fungous or bacterial infection but rather to & general breeking down
of cell tissue &s & result of the death of their protoplasmic contents.
It is probably true that when such breaking down occurred one or
more of the becterial soft-rot organisms invaded the tissue and com-
pleted the decomposition of the tuber. -

In 1921, 3 barrels of the Irish Cobbler variety and 2 of the Green
Mountain were stored at each of the three temperatures. The mate-
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rial was stored Qctober 24, and weighings were taken January 3, Feb-
ruary 20, and April 3, 1922. Owing to other demands for the seed
stock, the last weighing, April 3, included only 1 barrel of each, except
in the case of Irish Cobbler at 36° F., 2 barrels of which were still
intact.

FigrrEe 5.—Trish Cobbler potatoes stored at40° F., November 26, 192).  Phaotographed April 20, 1922,
Net weight whenstored, 180.25 pounds; net weight when removed, 157.25 pounds; weight loss, 12.8
per eent. A, Sound mubers, 130.75 pounds; B, decayed tubers, 6.5 pounds

Table 4 gives the percentage of weight lost from the individual
barrels and the sverage loss of the 3 barrels of Irish Cobbler and 2
of Green Mountain up to February 20. These data show that losses
in weight were consistently lower in both varieiies at 36° than at 32°
or 40° F. No satisfactory explanation can be offered for these
differences.

TanLE 4—Losses in weight of Trish Cobbler nnd Green Mouniain lubers at Arlington
Ezperiment Farm, OQctober 24, 1921, lo April 3, 1822

i T
Net g o v
St . ght . | Weight = +Walght f
fapiata oi wpne wejght Lossinlg Lossin: Loss in
Variety and stornge temperntice when J{}g._”:!, weight hiz;-,zw' welght i "\]]?_,::,‘23' welght
storetl R - ' =
e+ o e s el L L :
Irish Cohbler: Poitnds Pounds}Pcr et Poands | Per ceni. Ponnda|Per cent
3 P, .. .. ... First bumel- 417 175 168 | 1734 - S .
Secptl barr 175.3 - 17L.5 228 170.3 L,008 0 1600 KA
Third barrel- 157 1. 175.0 b 217 LR I
Avernge1oss ...t oo e 195 Jeweeee e 280 oo, 3. 70
360 F.. .. ... Firstbareel ... W7 |1 57 1TA L3 1748 124
Zecond harrel . .. o LR 1N0 1.4a 168.3 185 160.3 1.5%03
Third barrel. ... ._.._. L3 V- ALLC I Y ..+ T O,
Avernge loss. ... | S .. P L8| LS
H0° F o First burrel_ ..ot PLE] ITL 2,01} 171 TSR POV,
Reeond harrel. . B HR T ] 156§ 169.3 A5 £ I —————
Third barrel ..ot i . T8 208 ; I56.¢ 2,81 175.3 3.42
I : y ! X
Avernge loss........ L U COLBT 232 . 342
Green Mountrin: i i | i T
i S First barrel. . ooooooraeo o i 172 t 166.51 3.20; 14538
Second barrei______LI0T 1Tt o8 a6
AVORIEE 0SS e e oo amenieas 332l BB . 483
6" F.......... Firstbarrel. ... 168.5 ¢ 166.5° 11891 166.3° LA eeeeononiooo
second harrel._ 1745 . 173 BB 1727, Leg 17LE 1.83
Average loss. oo oo . 1 S POLAT i 1.83

1
40° Fo_........ Firstbharrel ____... ... 176 ' 17L3 211
Sepond barrel. o eeean - ¥ |

Average 108f...._..
1
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A comparison of weight losses of potatoes stored at 32° and 40° F.
showed less difference in the case of the Irish Cobbler than in that of
the Green Mountain, in each instance the loss being greater at 32°
than et 40°. The percentage of weight loss from Qctober 24, 1921,
to April 3, 1922, in the 32° 36°, and 40° storage rooms was 3.70,
1.55, and 3.42, respectively, for the Irish Cobbler, and 4.83, 1.83, and
3.79 for the Green Mountain.

In 1924 a comparative test was made of the relative seasonal weight
loss of potatoes stored in different types of storage houses and in
special fiber boxes instead of barrels. One lot each of Irish Cobbler,
Triumph, Green Mountain, and Russet Rural was stored in the
Aroostook Farm potato-storage house at Presque Isle, Me. ; the second
lot was stored at the Marble Laboratory, Centon, Pa., and in the 40°
F. room in the cold-storage plant st the Arlington Experiment Farm, .
Rosslyn, Va. The baxk-cellar storage house of the Marble Labora-
tory was kept at as near 40° as possible, whereas the temperature of
the "Aroostook Farm potato-storage house varied between 34° and
45° F. Comparisons of data are therefore only possible between the
varieties used. The results, as submitted in Table 5, clearly show a
smaller percentage of weight loss in all four varieties in the Aroostook
Farm storage house. ' '

TABLE 5.—Losses of weight in potaioes slored af Presque Isle, Me., Canton, Pa., and
Rosslyn, Ve, 182495 :

s Averags
Weight | Weight :
Variety and loeality where stoved Oct, 4, | Apr. 3, “;g;gsht_ I'JB": {:'r
: . L 1024 1025 vmity .
Irish Cobbler: Pounds | Pounds | Per cenl | Per cont
Presque Isle, Me ool 214.5 205.8 4,08
Canton, P . e e e ] 210.0 168, 2 5,482 5.56
Rosslyn, Va — - 200.0 1.4 6.59
Trinmph;
Presque Isle, Me -t — e m e 199.5 iM.8 236 I
Canton, Pa_ o e 202,56 186, 2- 8.05 6.33
Rosslyn, Va___... - 190.5 152, 4 8,57
Green Mountain:
DPresque Isle, Meo....___.__.__... 214,0 2028 52
Canton, Pa.. - cm—— mmm—mm e 244 1971 7. 00 6.095
Rosslyn, Voo - 4.0 i97.5 7.7
Rusget Rural:
Presque Tsle, Me____ ... ... - 208.0 197.6 4.37
Canton, Pa_____._. - ——— L) 183.6 10.£8 8.59
osslyn, Vo - R - 207.0 184.9 10.68
Average, [our varieties: |
Presque Isle, Mo.o. .o ! 4.00 .
Canten, Paooo o oooo__. [ 07 oo o
Rosslyn, Va_....... e —————— Y rm————— - 8. 40 ) -

The average loss in the three storage places of the Trish Cobbler’
was the lowest, with Triumph, Green Mountain, and Russet Rural
following in the order mamed. The largest individual deviations
occurred in the case of the Triumph and Russet Rural stored at
Presque Isle, Me., in which the former showed & weight loss of 2.36 per
‘cent as compaved with 8.05 ¢ Canton, Pa., and 8.57 at Rosslyn, Va.,
whereas in the Russet Rural the percentage losses were 4.37, 10.66,
and 10.68, respectively. The discrepancy in these two instances in
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the Maine dats would seem to be In excess of normsl, but no satis—
factory explanation can be offered.

" In summing up the average weight losses of all four varieties under
each set of storage conditions, the results show that the percentage of
loss in the Arcostook Farm potato storage was only half that at the
Marble Laboratory and at the Arlington Experiment Farm, the
fizures being 4.0%, 8.07, and 8.4% per cent, respectively. Although
the primary object of this test was to obisin data on the percentage
of weight loss, 1t was thought desirable to obisin yield records from
the seed so stored. ‘The significance of the dats, which are presented
in Table 6, lies in the fact that the stock stored at the Marble Labora-
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Fictre 8.—Comparative yield of seed potatoes under various conditions of storage

tory gave consistently higher yields than that stored in the other two-

storage houses. This is perhaps best emphasized by Figure 6, which
graphically expresses the differences in yields.

In the 1925-26 studies of weight loss an sitempt was made to get.

the approximate percentage of loss from the time of harvesting the

tubers. The four varieties as used in the 192425 studies were selected.
as soon after digging as possible, care being taken to obtain sound and.
uninjured tubers. These were packed in the fiber bushel boxes and.

immediately weighed,

These studies were conducted at the Marble Laboratory under

three types of storage conditions. The first, referred to in Table 7
as A, was an above ground storege house especially construeted for

411656—29—2
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TasLe 8,—Comparative average yield of Irish Cobbler, Triumph, Green Mountain,
and Russet Rural seed polatoes grown af Aroosiook Farm, Presque Isle, Me,, and

* stored in fiber bores at the Arlinglon Ezperiment Farm, Rosslyn, Va.; Marble
Laboralory, Canton, Pea.; and Aroostook Farm, seasons of 1994 and 1925

Average vlald por row 1| Aversge yield per sere - .
Vatialy and locality in which seed potatoss | Row !t -t
weore stoved plantod
Primes{ Coils | Total {Primest Cnils | Total
Irlsh Cobbler: . Number| Pounds | Pounds | Pounds | Buahels | Bushels| Bushels
Arlington Exporiment Farm . _.__.__.] 10 I46.0 BT T M3 .z 4.5
Mazrble Laborabory oo oo cc e cmme ey} T 117 19.9| 182.6: 287.8 33.1 21.0
Aroostook Farm W) IsLy %7 1674 2M.8 245 29,9
" Trivmph: A
Ar inﬁton‘ Experiment Farm 15 1461 1 I58.0; o48.8 18.0 284.8
Marbie Lahoratory. . T T4 0.4 ] 167,81 2823 1.3 270.6
Aroostook Ferm,, ... .. I TT1TTTTTTT 1 10 1384 57) Me1| 280.7| 95| 2402
Groen Monntaln:
Arlington Experiment Farm_ ,_.o........ 1G] 180.6 12,4 7L 2677 20.7 288.4
Marble Laboratery. . ... oo eeeeae 13| 167.8 99| 1T.7| 0.t 18.5 256, 2
Aropstook Farm 10 133 1.5 I47.8 ) 260.5 0.2 2197
Bussat Rural: !
Arlington Experiment Farm. ... 8] 7% 6.6 1837 2452 2T 2729
Marble Liboratary g 167.9 1291 180.8% 279.8 L5 301.3
Arcostogle Farm. .o 6] 1643 83| 1928| 2.8 13.8 274
Avwirage of four varfetles:
Arlington Experlment Farm 13, 5 1461 18611 2508 24. 4 975.2
Matble Laborator 166.5 21 OII0.TI 274 22,1 220.5
Arcostook Farm i i52.9 Bl 153,01 2.9 1577 2718

i Each row =0 aore.

TABLE T—Losses of weighl of polatoes held under different storage conditions af the
Marble Laboratory, Canlon, Pa,, 1925-2§ : .

[A=Aboveground storage, B =insulated room, C=bank-cellar storage}
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STORAGE TEMPERATURES OF SEED PoTaToEs ~ =~ Il

apple storage; the sscond type, designated as B, was a cork-insulated
room on the second floor above the bank-cellar room, called C. Four
1-bushel boxes of each variety were stored in each type of room,
making a total of 16 boxes in each room. Weights were faken October
24 and December 21, 1925, and January 28, March 4, and May 3,
1928. The percentage of weight-loss oceurring between Qotober 1
to 4, when the potstoes were harvested and put up, and October 24 is
supposed to represent the initial transpiration and respiration losses
ocourring during transit. As will be noted, these losses are relatively
small, varying from 0.63 to 1.09 per cent. The data indicate that
some varieties lose more weight in storage than others. It also sug-
gests that the shrinkeage due to respiration and transpiration is directly
correlated with the ripeness of the tubers when harvested. Russet
Rural tubers, being the lsast mature, show the groatest loss in weight.

Another interesting point brought out in the datsa is that the tubers
stored in the aboveground storage house (A) showed consistently
lower weight loss. It is also apparent that up to March 4, aft least,
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F:auRE 7.—Relatlve humidity nnd temperaturs variations in thres types of potato sterage ef the
Marblie Laboratory, Canton, Pa., 192528

ASERAGE G ]
VAL ETIES

there was only & slight difference in the percentage of loss from tubers
stored in B and C storsge rooms. 'The reason for the greater weight
shrinkage especially in the insulated room is at once apparent from a
study of Figure 7, which shows that the percentage of air saturation
{humidity) in A was much higher than in B and C, and also that
the temperature with but two exeeptions was consistently lower in A
than in B and C from about November 28 to May 5. If is therefore
apparent that conditions in storage A were more favorable to the
slowing up of respiration snd transpiration losses than in rooms
B and C.

The B storage room had a lower humidity and a higher temperature,
whereas in the A house the temperature was lower and the humidity
relatively higher. Ordinarily it might be assumed. that the shrink-
age of potatoes stored in the benk-cellar storage room (C) would be
less than that of potatoes in the aboveground storage house (A).
The explanation for this occurrence is that when severe cold weather
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set in it was necessary to close all ventilators in A to prevent frost
injury, with the result that the air became more or less completely
saturated with moisture given off by the potatoes and apples stored
therein. The temperature also dropped lower during this period.

Further explanation of the difference in the behavior of potatoes
stored under A and C conditions may be found in the fact thet in the
storage cellar the wall opposite the bank adjoined a heated room, and
it was necessary to introduce s larger volume of outside cold sir into
the storage room than would otherwise have been the case, and
consequently transpiration losses inereased.

INFLUENCE OF STORAGE TEMPERATURES ON VITALITY
OF POTATOES

In order to determine the effect of different storage temperatures
on the vitality of seed potetoes, field studies were conducted at the
Virginia Truck Experiment Station, Norfolk, Va.; Arlington Experi-
ment Farm, Rosslyn, Va.; and Arcostook Farm, Presque Isle, Me.
The results obtained at each of the three points, slthough not always
in accord, are nevertheless of interest.

VIRGINIA TRUCK EXPERIMENT STATION

The experimental studies at the Virginia Truck FExperiment
Station,* Norfolk, Va., were conducted during 1920, 1921, and 1922
with the Irish Cobbler variety. The planting dates for the three
years were March 18, March 2, and March 17; the harvesting dates
were July 88, July 21-22, and July 10-11, respectively. The yield
data as presented in Table 8 Indicate an increase of primes from the
seed stored at 36° F. in 1920 and 1921 over the number of primes
from seed stored at 32°. The yield of primes from the seed stored
at 40° was less in 1920 andi 1922 than from the seed stored at 32°.

TasLe 8—Comparaiive influence of different storage lemperatures on the yield of
Irish Cobbler potatoes grown al the Virginia Truck Ezperiment Station, Norfolk,
Ya., 1820-1928

1 .
. Av w it Average yiel [a
Storage * Rows 1 ! erage Tield per ro ge yield per acre
Year temper- - planted | : !
ature . Primes | Culls | Totel | Primes | Culls | Total
' !
© P. . Number| Pouirds | Pounds | Pounds | Bushels | Bushels | Bushels
B L 32, 10, 1056 33.5 1381 176, ¢ 55,8 BLEB
36 12 1024 30.8 140, ¢4 1827 51.3 240
40 : 15 MG 35.3 13%.3 1045 5.8 225.5
b L 32 §. 136 36.8 165. 4 214.3 61.3 5.6
361 §: MLT 3,8 13,5 236.2 5.0 280. 2
40! S 1421 28.3 17l 41 236.8 48.8 285, &
1 emmm—e——— 32, 8 825 20,1 i2L8 154. 2 48.5 W27
36 84 6.8 29.8 3. 4 195. 9 49,7 1557
461 5. 828 .7 167.3 135.0 41.2 179.2
Three-Year ATerage...._ 32 o ea 1 1889 33.1 142.0 181. 5 §5.2 26,7
BB meean i 1030 30.8 135.8 175.0 513 220. 3
L Powss! mB| IB1| 1805 49.6 201

1 Each row=0.01 pore.

In 1922 the yield in primes from the 36° seed was unaccountably low.
Unfortunately, no unusual condition was observed in 1922 which
might account for this low vield. As & result of this condition the

! The writers wish to acknowledge thelr indebtedness to the Virginia Truck Experiment Station for
providing [acilities for the use of land and equipment necessary to the growing and harvesting of the erop.
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3.year average yield from the 36° seed plot is lower than if should
have been. The varistions in vield from the three lots of seed are
not sufficiently marked to justify amy claim of superiority of one
over. the others. Such incresses as are noted could very appro-.
- priately be ettributed to inequalities in soil moisture or soi fert ity
or & combination of both.

ARLINGTON EXPERIMENT FARM

The studies condueted with Irish Cobbler potatoes at the A.rlmgton
Etpenment Farm extended from 1919 to 1924, inclusive, but owing
to meomplete date, the resulis for 1920 are not included. These
studies embraced spring and fsll crops.

The data given in Table 8 indicate, as might be expected in this
saction of the country, wide variations in yield from year to year
snd no consistent supenonty of any of the three lofs of sead.

Tasre 9.—Comparative influence of different storage lemperatuves on the yield of
Irish Cobbler polatees grown af the Arlington Fuperimeni Farm duﬂng 1518 and
1991-1924

Bior- Average yisld per row: | Averags ylold per acre
. aga -
Crop and year tom- |Bows?
Pl Primes| Culls | Total | Primes; Culls ;| Total
Spri.ng crop: ° B, |Number|Pounds j Pounds [Pounds | Bushels |Bushels | Bushels
93 .. - 32 jlepd 7 | 138.1 6.3 ) l6¢.4 | 22i.8 60.5 282.3
3 |2end 8 | 1318 a4 lad2| 249.7 Mo 273.7
40 Bandb i 130.4 348§ 164.9 | 2I7.3 67.5 2748
1921 .. 32 8 45.9 47.2 03,1 76,5 ;8.7 165.2
. af 8 36.8 52.3 88,1 41,3 87.2 148.6
44 8 388 43.9 82.5 .3 1.2 137.5
- 1922 N ——— 32 §| 10%.0 3T.4| li4.4| 27283 83 240.6
a6 81 1322 .7 164.9,; 220.3 57.8 28,1
40 8 o7 275 1252 1828 44,8 208.6
1923 . by Ky 20 0.1 4.9 950 Il6.3 4L5 1563.3
38 2 54 ZT0| 1924 1258 4.8 1746
40 20 85.3 248 1102 1421 414 183.5
Fali crop:
B2 e e 32 4 Th5 38.5| 168.6| 1268 55.8 18L.6
a8 4 $6.8 30.8 97.4 1 1110 L3 162. 8
40 4 £5.4 26.7 92,1 100.0 44. 8 163.5
1924 . * - 32 4 1.1 .47 80.5| 1185 15.7 134.2
58 11 80,3 4.0] 043! 1338} 233 157,1
40 4 80.4 111 9L5 | D 18.5 162, 5
Average 1610, 1021-1924 ________ 32 |ee e 838 L5491 13153 ) I120.7 o] 1922
38 87.2| 3L8| 115.1| 314531{ 531 108. 5
40 8LE 2M.1| 111.6| 1382 46.8 185.90

I Each row=0.01 ncre.

' The average yield of the six crops stored et 32°; 36°, and 40° F.
shows & gain of 13.5 bushels in total acre yield and 7.1 bushels of
primes in  favor of the 36° F. seed over thaf from the seed stored at
40° F. "A comparison of the yields from the 32° and 36° F. stored
sesd shows’a total increase in acre vield in favor of the 36° seed of
6.3 bushels and in primes of 5.6 bushels. These differences are
hardly sufficient, to be regarded as significant.

A similer sthidy was cenduected at the Arlington Experiment Farm
during 1919, 1921, 1923, and 1924 with the Green Mountain variety.
The results from this study as presented in Table 9 show the same
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yearly fluctuations in yields, but they are more consistent in.thé com-
parative yields from seed stock stored at the three temperatures.
With the exception of 1921, the tubers stored at 36° and 40° F. gave
the largest yields. A study of the average yield. for the 4-year
period shows a fairly good increase from the 36° and 40° seed tubers
over those stored at 32°, the totel average yield being 164 bushels an,
acre from tubers stored at 32° and 181.4 bushels and 188.2 bushels,
respuctively, from the tubers stored at 36° and 40°. The acre yield
of primes was about in the same ratio, 129.2, 143.8, and 146.9 bushels,
respectively. Whether these differences i yield of the Green Mouns"
tain variety are owing to increased sensitiveness to low storage tem-
perature when prolonged to midsummer, it is impossible to say.

Tante 10—Comparative influcrnce of different storage lemperatures on the yield -of
Green Mountain potatoes grown as o fall crop at the Arlington Experiment Farm,
during 1919, 192¢, 1923, and 1984 .

Avers jeld per row!! Average yield arrg
_ Storage| g 1 ge yield pe go yield per
Spason temper-| 1 ted
ature |20 . )
Primes| Cnlls | Tatal |Primes! Culls | Total
°F. | Number| Pounds | Pounds | Pounds] Bushels! Bushels| Bushely
0% e e amm ——m——————— 32 3| 1221 2.8 15,8 203.5 7 253.2
46 3| 133.6 36.1| 160.7} 222.7{ 601 282, 7
40 d) 1363 a1 167.4 7 2171 6l.8 278.9
IO e ———— 32 L] 831 2.8 80,07 105.2 44, 8 150.0
36 ] 58, & .5 82.0 7.5 0.2 130.7
40 5 58.7 28.7 85.4 . B 4.5 142.3
M35 a2 4 341 11.1 50.2 65. 2 18.5 LT
36 4 41. ¢ 14.7 55,7 68.3 2.5 92.8
40 4 5.9 2.8 75.7 8.2 3H8.¢ 126. 2
1024 i 32 15| 858 158 | 10LG{ 3.0 26.3| 160.3
30 15| 1121 16.0 | 128.1] 136.8 26.7 213. 5
40 15| 1167 15.0 | 125.7{ 1845 25.0 208, §
Average 1918, 1621, 1823, and 1924 | 32 27 7.5 2.8 | ©8.4{ 120.2( 348 164.0
36 ar B5.3 206 | 108.9) 143.8 3.6 181. 4
40 2| 8.2 25¢| 1367 a9 423| 180.2

1 Each row =0.01 nere.

In connection with the 1921 spring-crop studies on the influence
of temperature on seed as expressed in the resujtant crop, a portion,
of the seed from each of the three storage temperatures was removed
12 days before being planted and placed in an adjoining room in
which the temperature was approximately 70° F. This was done
for the purpose of determining whether such exposure of the seed
would eliminate delayed germination of the seed stock when planted
direct from storage. It had been previously observed that stuck
planted direct from 32° storage was slower in emerging than that from
36° storage and diverged still more widely {rom that from ihe 40° roomn,
In the comparison of yields between seed taken direct from storage
and that exposed to a higher temperature for 12 days it was not
expected that aside from delayed emergence of the plants there would
be any material difference in yields; but in compiling the data it
. became evident that in the case of the seed from two out of the three
storages, namely, that from the 32° storage and that from the 40°
storage, the inerense in yield was large enough to be significant. For
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some as yet inexplainable reason the lot from the 38° room which had
been exposed to the higher temperature showed a slight decrease in
yield as compared with the lot planted direct from storage. The
complete data are presented in Table 11, '

Taste 11 —Comporative yields from Irish Cobbler seed polatves subjected to 12
doys’ exposure gl 70° F,, anl those planied direct from eold slorage ai the Arlinglon
Erperiment Farm in 1821

' {"ilsin(H;) or
Ax % t oA H O5F A=) a8
| Planted dicect Avivage yield per row ersge Field per aure compared to
Storage temperature! {rom SIOrage oF direct planting

after 12 days

Primes] Culls | Total | Primes; Culls | Total { Primesj Totsl

1 1 Pounds| Pownds} Pounds| Bushels| Busheln) Busheia| Percent; Per cen

(il - « Drirsct I 354 43.8 8i.2 594 6.3 135.3
1 Alter 12 di!.}‘s.-.T .5 $E 61 1051 412 810§ 175,23 +59.6 | -+29.4
F i Drect ... 33 53.6 8.3 622 58,31 1505 [oceooo.. mm———nn
i After 12 days_ . 383 5.8 5.9 o 5 88,0 148.5 -8 27
E L E T, ? Drect ... _.___. I 3.4a 40.7 T3.8 T 7-8 125. 5 —
i After 2 duys__.t 428 47.1 8.7 1.0 Y8.4; D5 14311 4181

;

Avernge of 3| Direct. ... 35.8 46.5 823 5.6 7S T - N I .
teraperatures, § After 12 days___ 45.1 40.1 4.2 5.2 BL & 157.0 | -+26.0 4.5

! Each row=0.01 ucra.
AROOSTOOK FARM

Although a study of the comparative effect of different storage
temperatures on the vitality of seed potatoes was conducted at
Aroostook Farm, Presque Isle, Me., during 1919, 1920, 1921, and 1922,
the data for the first two seasons are too incomplete to be of value.
Accordingly the date in Tables 11 and 12 are based on results obtained
in 1921 ang 1622 from the Irish Cobbler and Green Mountain varie-
f1es.

Tasre 12 —Comparative influence of different storage temperatures on the yield of
Irish Cobbler and Green Mountain potatoes grown al Arcosiook Farm, Presque
Isle, Mec., during 1921 and 1928

Irish Cobbler Green Mountonin
Ster- ] —-
uge Average vield per | Avernge yield per | Average vield per | Average yield per
Eeasen L:ﬁ" Tow ! acre row acto
ture : T
Primest Cullsf Total 'Primes| Culls| Total ! Primes Cuiisi Total [Primes; Tulls] Total
o P | Lbs.  Lbs.} Lba. [ Bush, | Bush | Bush.| Lbs. | Lhe. | Lbs. { Buak, | Huahg Bush,
193 .. 32{107.8 15211230} 270.5 |25 4| 2050 | I87.2) B 4 1956{ 3119} 13.8| 3258
36{ 1208, M.51 1853 { 20L 3 1242 | 2255 )86 .0 18L5;306.0¢13.2] 302
401 1154 IN2 2262 10L7 | IR 7| 2104 ) BLB| &S| 18763001 9.6} 3127
11 S, oL I F I 356 ] 190.0; 2570 ] 59.7 | 81671 1772 28,3 | 2055 2953 | 472 | LS
36§ i158.5 , 23,8 1883 ] 2658 [ 48.0 | 313,85 | 183.3 { 28.7 | 2120 ) 306, 5 | 47.8 | 3533
40| 144.3 . 315 1758 [ 240.5 | 525! 203.0 | 183.3 | 255 83055 |425| 3480
Average. 42 (131025513565 | 2183 425 260.8 1 22| 8.3 12005 ) 3037 (0.5 32
96 | 1402125, G{ 01,8 2336361 | 269.7 1 IRL 5| 18,3 | 2008130561305} 3303
40| 1267 1203 {15101 6.2 | 355 | ALY § B2 G| 150 98,2 (30421260} 3302

Each row=0.01 ncie.
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A review of all the data given fails to indicate any appreciable
difference in vield except in t%a case of the Green Mountain potatoes
grown st the Arlington Experiment Farm in 1924, in which case the
vitality of the seedg stored at 32° F. appeared to have been slightly
injured. _ '
SUMMARY

The experimenial results herein noted, obtdined by previous
investigators, indicate the extent of losses in potatoes stored under
different storage conditions and for various periods of time. The data
cited show that there is a distinet correlation between weight loss and
temperature and humidity.

The data obtained from the long-ferm storage experiment, 1920~
1922, indicate the injurious effect on tubers of being subjected to low
temperature throughout two normal storage periods. Tt further
shows that when potatoes are stored at a temperature of 40~ F. there
is very little decay.

igures 1 to 5 indicate a different response to temperaturs between
the Gold Coin and Irich Cobbler varieties. This difference is par-
ticularly apparent in Figures 3 and 5, representing the stage of germi-
nation of the two vareties in the 40° F. temperature room. The
Gold Coin potato shows slight germination in some of the tubers,
whereas all of the Irish Cobbler tubers show an advanced stage of
sprout development. In fact, germination has progressed to the
{Joint of wilting or softening of the flesh owing to excessive moisturs
088,

Different germination responses would doubtless have been obtained
in a 40° F. temperature if observations had been made on s large
quantity of potatoes stored in bulk, because a much greater amount
of heat is evolved in a large than in a small quantity of potatoes.

The comparatively small weight loss from shrinkage in the 1925-26
studies may be explained as due in part at least to the use of more
carefully selected seed stock. Weight losses are directly proportional
to the quality of the tubers stored, their freedom from cuts and bruises
as well as disease and, as previously stated, to temperature and
humidity.

The temperature range for complete dormancy of bulk-stored pota-
toes is between 36° and 40° F. For the normal potato-storage period
it 1s believed that a room temperature of 37° F. is sufficiently low to
prevent germination and at the same time insure as low a transpira-
tion and respiration loss as is desirable,

Comparative studies of the relative influence of different storage
tomperatures as conducted at the Virginia Truck Experiment Station,
Arlington Experiment Farm, and Aroostook Farm did not reveal any
marked differences in yields from the Irish Cobbler variety. -

Lower yields were obtained at the Adingfon farm from Green
Mountain seed stored at 32° than at 36° or 40° F., while at Aroostook
Farm there wes no appreciable differencs.

A fairly good increase in yield was obtained at the Arlington farm
in 1921 from seed removed from storage and held for 12 days in a
room temperature of approximately 70° F. as compared with the yield
from similar stock planted direct from storage.
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