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A STUDY OF RESPIRATION IN POTATOES WITH SPECIAL REFERENCE
?0 STORAGE AND TRANSPORRATION,

Introduction.

Considerable progress has been made concerning
potato storage, but ideas still differ about the best
storage conditions to prevent the losses due to shrink-
age and to preserve the culinary value of the tubers.
That specialize@ storage is necessary is now generslly
recognized, but specific recommendations that are best
for all periods in the storsge life of the tubers can-
not be made. Before this can be done we must know

more about the physiological 1if§)of the tuber while

RS R
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in storage.

When considering storage it should be remembered
that the potato tuber is a 1iving breathing organism
aﬁd should be treated as such. Oxygen is taken up,
golids are conéuma&, and carbon dioxide, water and
heat are given off. Lhe solids used are, of course, a
total 10S8 in food value. Carbon dioxide is given off
by diffusing from the tissues. Metabolic water form-
ed in respiration becomes a part of the water content
of the tuber and may pass off as transpired water. If
the respiration rate is high enough, heat will accumu-
late and is likely to become injurious unless dissie

pated by proper ventilation. Bailey and Gurjasr (4)



-2 =

and Bailey (5) found that high respiration was respon-
s8ible for heating of grain which was stored in large

quantities, and containing relatively high water con=-

tent. Respiration rate varies with temperature. With-

in certain limits this process follows the Van't Hoff-

Arrhenius generalization of a doubling or trebling with

with each rise of 109%. Gore (9) found this to be true
in the case of many different kinds of fruits.
Ziegenbein (18) found in the case of potatoes that the
respiration rate fell %o a very low mark when the ﬁemp-
erature was changed from 45 to 10°¢. Until recently
it was thought that the respiration rate at 0°C would
be small indeed. However, recent data presented by
Hopkins (11) and Bennett and Bartholomew (&) show that
when the temperasture is deéreased below about 5°C the
Van't Hoff generalization does not hold, the respira-
tion rate being higharlat 0°C than at>5°c‘in some
instances.

Muller-Thurgau (14) and later Appleman (1 & 3)
found that when potatoes which had been stored for a
time at 2 temperature nearxr 0% were moved to higher
tenperatures there was a period of excessively high
respiration. If kept at the higher temperature the
rate gradually decreased until it came to equilibrium

at the normal rate for this temperature. Hasselbring

and Hawkins (10) found that in sweet potatoes which had
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been atored at low temperailure and changed to & highexr
temperature there was an excessively high rate of res~
piration.

The period of abnormally high respiratien in po-
tatoes after exposurs to a lowﬁtemperature is probably
a very important factor in their keeping qualities, es-
pecially during late comﬁon.storage and marketing.

Gore (9) found that the more perishable fruits had the
higher rates of respiration. High respiration of po-
tatoes in large bulk will cause them to heat unless
especial care is given to ventilation. This would not
only further accelerate the rate of respiration but would
also favor the growth of decay organisms,.

Bartholomew ( 6&7 ) was abla to produce blackheart
in potato tubers by exposing them to a temperature of
38 to 45°% with free access of air, for 15 to 20 hours.
He ascribed the preduction of tﬁe injury to a deficiency
of oxygen in the injured regions of the tuber, brought
about as a result of the increassed rate of respiration
in the tissues. The available supply of oxygen diffus~
ing inward from the surface of the tuber was used up
before it reached the interior tissues which Bied as a
result of asphyxiation. Stewart and Mix (17) found that
blackheart may be produced at temperatures as low as
40°9 by restrieting the supply of oxygen sufficiently.
They also showed that the injury was caused@ by deficient
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' oxygen supply and not by the accumulation of carbon
dioxide produced in respiration. They emphasize the
importance of preper ventilation in storage of tubers,
the higher the temperature the greater the need of
proper ventilation, Bennett and Bartholomew (8) pro-
duced blackheart im tubers at temperaturss &s low as
00C, by sealing them in air tight containers. They
state thad subers exposed to low temperatures until
they became sweetl appeared to be more easily injured
at high temperatures than non sweet potatoes. This
they believe was due to the higher rate of respiration
in the potatoes in which sugar had accumulated.

The respirgtioh rate and not the temperature
would seem to be the important'factor in determining
susceptibility to black heart. The initial high rate
of respiration in potatoes after their removal from
cold storage would be expected to make theﬁ more sus-
ceptible to blackheart at high temperatures.

The chief purpose of the invggﬁigﬁﬁggg hers re-
ported was to determine at 179C, 220C, 309C the res-
piratory response of potatoes mfter warying perilods
of storage at different degrees of constant and fluc-
tuating low temperatures. An explanation of the high
initisl rate of respiration at higher temperstures
after a period of cold storage was sought. Experi-

ments were also planned to determine at a constant
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storage temperature the resPiratory‘intensity in po-
tatoes during different periods in their storage life.
The practical implication of this work was to discover
a temperature that might be suitable for potato storage
and at the same time would reduce to & minimum the in-
tensity and duration of the initial high respiration
when the tubers are exposed to the higher temperatures
of transit and marketing as well as to the rise in

temperatures during late common storaga.

General Methods and Materisals.

Unless otherwise noted, the variety used for the
experiments here reported was Bural New Yorkers No. 2.
The potatoes were grown on the Experiment Station
Parm at College Park. The originsl seed potatoes were
obtained from the Ford Seed Co., Ontarip County, N. Y.

The tubers selected were produeedf;;m;pparently
healthy plants and were free from scab or other injury.
In the selection of samples care was taken to make
each sample raepresentativa of the lot as to size of
tuber. All samples used in an experiment were com-
posed of the same number of tubers and weighed the
same to within a few grams. Samples of different ex-

periments varied in weight from about 1300 grams to

about 2000 grams, most of them weighing 1500 grams or

more., The samples were stored in small sacks made

from regular potato sacks.



C 6 n

By courtesy of those in charge, the Arlington
Cold Storage Plant of the United States Department
of Agriculture was made available for the following
storage temperaturess 32°F. 56°F, 40°F and 50°P.

An electric refrigerating machine was also em-
Ployed to obtain constant low temperatures in a well
insulated refrigerator. Two levels in the refrigera+
tor were found where the tempersture showed & constant
difference of about 6°F". The mean temperature of the
lower level was sbout 36°%F while‘that of the upper
level was about 42°F, The temperatures were not as
constant as might be desired, but the fluctuations
of about 5°F were usually regular over comparatively
short periods of time, so the temparature of the
tubers was more constant due to the lag in their
response to short intervals of fluctuating external
temparstiure.

A ventilated vegetable cellar and & brick vault
ware employed as types of common storage with fluc~
tuating temperatures,

A well insulated box with fan to stir the air
was used for étorage at a constant high temperature.
By means of electric heating and control a constant
temperature of 229C was maintained in this box, The
maximum fluctuation was 0.2%. This box also served

for. therespiraiion: detsrmirations which were all made
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at a constant temperature of 22°C, unless otherwise
noted. This temperature was chosen as it approxie
mates the average temperature of transportation and
marketing of the storage crop on Eastern markets,
The rate of respiration was determined, fer the
most part, by measuring the amount of“carbon dioxide
expireﬁ. -The method and spparatus used were similar

to .those described by Gore (9).
The respiration rate was determined by drawing

carbon dipxide free alr over the respiring tubers

and absorbing the expired carbon dioxide in godium
hydroxide. The air was drawn through the system by
means of a water aspirator. The circuit of the air
was as follows. It was drawn from the inside of the
constant temperature chamber, through soda lime tubes,
next through so@e baryta water, then it entered the
respiratory chamber at the top, basse& over the tubers
and was removed from the bottom of the chamber. Af-
ter leaving the respiratory chamber it bubbled through
100 c.c. of approximately normal sodium hydroxide in

a Reiset tube and last of all through baryta water
again. The soda lime removed the carbon dioxide from
the sir. The air was bubbled through baryta water to
test its freedom from carbon dioxide. lLarge desicca-
tors were used as respiratory chambers and the con-

stant temperature chamber was large enough to hold
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four of them at one time. Air was drawn through the
system at a steady rate and fast enough 10 prevent ac-
cumulation of carbon dioxide in the respiratory chamber
but slow enough to insure absorption by the sodium hy-
droxide in the Reiset absorption tubes. The flow of
air was regulated by & stop cock on each line as well
a8 by the flow of water through the aspirator. In the
cireuit rubber connections were made as short as pos=—
sible to prevent absorption of carbon dioxide by The
rubber..

The carbon dioxide absorbed by the sodium hydroxide
was determined by the method described by Gore (9) with
the modifisation recommended by Kilster. Barium chloride
was added in excess so that the carbonate was precipi-
tated as varium carbonate. The precipitate was left in
the beaker and a double titration made, using phenol-
phthalein and methyl orange as indicators and titrating
with normel hydrochloric acid. When the end point of
phenolphthalein was reached the excess hydroxide was
neutralized. The number of cubic centimeters of N/1
HC1 used in titrating from the end point of phenol-
phthalein to the end point of methyl orange was the
equivalent of the carbonate present, or each cubic
centimeter of N/1 HC1l was equivalent to 0.022 grams

of carbon dioxide expired by the tubers. Respira-

tion rates are expressed in milligrams of carbon die
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oxide expired per kilogram of potatoas per hour., This
was obtained by multiplying the number of hours of a
determination by the number of kilograms of potatoes
used and dividing the proﬁuct into the total amount of
carbon diogi&e obtained during the period of determina-
tion. In makiﬁg caleculations the weight of the sampls
just before it was put into the constant temperature
chaﬁber was used. 'The decrease in weight while thé
samples were in the constant temperature chamber was
negligible over & period of two 6r three weeks. The
humidity within the respiratory chamber was relatively
high.

When samples were first placed in the eonstant
temperature chamber carbon dioxide free air was drawn
over the tubers for a period of usually six hours,
before respiration determinations were started. This
was done in order to remove the carbon dioxide from
the respiratory chamber and to allow the tubers to come
to the tempersture of the constant temperature cham-
ber. Determinations were usually made every twenty-
four hours.

In the determination of the respiratory quotient
the method of Magness and Diehl (13) was used with the
slight modification that instead of using & double
siphon to maintain & constant water level, running

water with an overflow at the desired level was used.
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The whole apparatus was kept 4n the constant tempera-
ture chamber a&s slight changes in temperature inter-
fere with the accuracy of this method.

In sampling potatoes for sugar analysis the fol-
lowing procedure was used. PFive tenths of a gram of
calcium carbonate was added to a Kohlrausch flask which
was then~oounterpoisad. The tubers were grated on a
nut meg grater and the pulp thoroughly mixed, While
the pulp was kept thoroughly mixed 50 grams were added
to the counterpoised flask. 100 c.c. of boiling 95%
alocohol was then added. The flask was then placed on
& boiling water bath, brought to the boiling point and
boiled five minutes. While boiling small funnels were
placed in the flasks to act as condensers. After boil-
ing)the flasks, while still hop, were filled to the
mark with hot aleohol. They were then allowed to stand
over night and then filled to the mark with cold 95%
alcohol; The samples were kept until it was conven~
ient to make the sugsr determinations. Duplicate sam-
ples were always taken.

In making sugar determinations the Munson and Wal-
ker gravimetric method was usede In determining the
total sugar content acidé hydrolysis in the cold was
employed.

Moisture content was obtasined by drying & weighed
‘emount of thoroughly mixed grated material in a vacuum

oven at 809 to comstant weight.
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Amino nitrogen in a water extract in which pro-
teins had been pracipitated was determined by the Van

Slyke method, using the small size apparatus.



RESPIRATION IN POTATOES AT 22°C(71.,6°F) 45 INFLUENCED
BY THE PERIOD IN THE STORAGE LIFE OF THE TUBERS.

It was first necessary to establish the normal res=
piration rate in potatoes storsd continuously at the
temperature chosen for the respirastion tests, It was &l~-
80 necessary to kmow if the different periods in the stor-
age life of the tubsrs would cause any fluctuations in the
respiration rate at this constant storage temperature.

In order to determine this, potatoed were stored at 289C
(71.6%F) November 7, 1922, about a week after they were
dug, and kept at this temperature until January 25, 1923.
Respiration rate was determined frequently for 24 hour
intervals. The following year potatoes were plasced at
the constant temperature the daj of digging, October 30,
1923, and removed February 7, 1924. Respirstion rate was
fregquently determined during this period. Sprouts first
started Jan, 6, 1923 and Dec, 28, 1923. They were not
removed, but as the potatoes showed strong spical dominance
there was ohly one sprout to & tuber in most cases.

" Results are given in table No. 1. PFig. 1 shows
graphically the results obtained in tubers stored at
229 (71.6%F) from Oct. 30 to Feb. 7.
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TABLE 1. Respiration of potatoes stored at constant temp-
erature of 223% (71.6°F),

Results are expréssed in milligrams of 802 per kilogram per

hour. The duration of each run was usually 24 hours.

Data PSCOCINC Date = R
Nov. 8, 1922 11l.77 Oct. 31, 1983 20,4
Nov. 9, 12,32 Nov. 1, 18.1
Nov. 10, 10,79 Nov. 2, 20.0
Yov. 11, 9.90 Nov. 3, 19.4
Nov. 12, 9.41 Nov. 4, 1343
Nov. 15, 8.4% Nov. 5' 1l.1
Nov. 14. 8.13 Nov. 6’ 10.7
Dec. 7, 5,35 Nov. 16, 7.1
Bac' 9, b.28 Nov. 17. 6.8
Beea 9, .28 Nov. 20, 6ed
Beec 10| 5.31 Nov,. 21, 7.4
Dee. 11, 5,42 Nov. 22, 20,8
Dac, 12, .48 Nov. 23, 11.5
Dac, 13, 5.84 Nov. 24, - 941
Dec. 14, 5.19 Nov. 26, 746
Dec, 15, 5,24 Nov. 26, 6.8
Dee. 16, 5.31 Nov. 217, 6.6,
Jano- 7, 1925 6.14'. 360. 4, 5.6
Jan, 8, 5,36 Dec, 5, 5.5
Jan. 9, D.41 Dec. 6, 5.6
Jan. 10, 5,36 Dec. 11, b.4
Jan. 11, 5.26 Dec., 12, 5.4
Jan., 12, 5,18 Dec. 13, He3d
Jaﬂ. 15’ 5.56b Dac. 18’ 5.0
Jan. 15, 4,86 Dec. 19, 5.0
Jan, 16, 4,83 Dec. 20, 5.2
Jaﬂ. 17' 5.18 DGC. 25, 5.0
Jan. 19, 5.23 Dec, 26, 4,7
Jan. 21, Do 36 Dec. 27, 4.8
Jan., 23, b, 35 Jan. 1, 1934 5.5
Jan., 25, 5.%6 Jan. 23, 5.5

Jan. 3, Y
Jan. B8, 4,9
Jan., 9, 5.1
Jan. 10, 5.8
Jan., 11, 5.5
Jan. 16, 5.0
Jan. 16, 5.1
Jan, 17. Deb
Jan. 22, 5.1
Jan, 23, 5.2
Jan. 24, 5.2
Jan., 29, D.6
52h: 8 5.9
Jan. 31, 6.0
Peb. b, .2
Peb. 6, b.a
Feb. 7, 5.3
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There was a period of high respiration immediately
after digging, and the rate did not become constant un-
til after about a month in storage. After the respira-
tion rate had come to equilibrium it remsined practically
constant during the rest of the period of storage. The
starting of sprouts caused no apparent increase in res--
riration rate. The rate of respiration after coming to
equilibriup is considered the normal rate and a check
with which to compare tespiration rates in tubers which

had previously been stored at different temperstures,

"RESPIRATORY RESPONSE IN POTATOES AT HIGHER TEMPERATURES
APTER STORAGE AT DIFFERENT CONSTANT LOW TEMPERATURES.

Experiment 1l:- Samples of potatoss were stored, soon

after digging in the Arlington cold storage plant of
the United States Department of Agriculture at tempera-
tures of 50, 40, and 36°F.

The thermograph records show that the temperatures
of the three rooms were practicslly constant. There
was a 1little more fluctuation in the %6°F room than in
the 409F room or the 50°® room, The temperature in the
36°F room fell to 33°F for a short period. The period
of storage was from November first to February twenty-
first,

The loss in weight of the samples during this per-
iod of storage is given in table 2.
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TABLE 2, Percentsge loss in weight during storage period
at Arlington.

56°F Room 40°F Room '50°F Room
5,30 4,04 3. 51

The effect of the previous storage temperature on
the respiration rates at 229 (71.6°P), is shown graphi-

cally in figure 2.
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The initial respiration rates in the potatoes
varied greatly with the previous storage temperatures.
The lower the storage temperature the higher the ini-
tial respiration rate, and the longer the time neces-
#ary for the respiration rate %o come to equilibrium
at the constant temperature., A difference in storage
temperature of only 4°PF between 40°F and 36°F more than
doubled the initial rate of respiration at 22°% (71.60F),
It is also interesting to note that 8 storage tempera-
ture as high as 509F effects the respiration rate for
a shori time at the higher temperature. The maximum
rate of respiﬁation was not attained until the second
or third day in the constant temperature chamber. Ko
explanation has yet been found for this.

‘Having shown the effect of storage temperature on
the respiration rate ai a constant temperature of 22°C
(71.6%P), it was thought advisable to determine the res-
piration rate in potatoes from cold storage, at other
constant temperatures. This was done in order to find
out the importance of the initial high rate 6f resgpira=
tion at different temperatures.

Experiment 2:- In this experiment the respiration rates
in potatoes after a period of cold storage were compared
at different constant high temperatures. Fotatoes from
storage at 36 and 40°F were used for respiration tests

at constant temperatures of 17%C (62.6%) g220¢ (71 60F )
1] L4 'Y
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and 30°C (86°F). A1l determinations were made in du-
plicate. The results are given in table 3 and figures
3 and 4, The averages of duplicate samples were used
in constructing the graphs. The duplicates at 17°C
(62.6°F) from 36°F storage did not check well on the
fburth day, one inereasing and the other slightly de-
ereasing from the third day. Thus i% is not cexrtain
whether the maximum rate at 179 (62,6°F) in tubers
from 36°F storage is reached the third or fourth day.
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TABLE 3, Respiration rates in tubers from 360F and 400F
storage at constant JJemparatures of 179C( 68.6°F)
229C( 71.6°F) and 30°C(86°F). 0O, expressed in
millligrams per kilo per hour,
; From 36°F storage : From 20°F storage
: 7% i 2% i 0% i 1% : =22% i 300
24 hour : Sample : Sample : Sample : 535516 :  Sample : sample
intervel: 4 : B : A : B ; A4 :B : A : A ;B A =B
1 :is, 1‘17 4.31. :29 7:62 5-59 5i 9, 5‘10 0314 5‘15.7:25.8 :27.8
2 :24.9: 24.4 1.3 0.0 524 z 48.2 12,2 112,119, 51 18.1 26.5.25 8
3 334.6 .34, 3:46.4~45,9 59 93 5&;@_12.-.13.0:18 9 16 7; zz 0z 21.
4 :31, 7 32, 3 42 51 43.3 35.5:52.7 112, 1 11.8:17 ¢ 16 0: £19.9: 18.7
5 iB1.7:B1.7454,6:569129.0:26s1s 11.1 11,01 14 9; 15.4316.5 :17.0
6 i24.9:25, 2‘28.0'52.4'2257 128, 5 110, a- 8.6 12.5: ‘14 5 14 5 14,3
7 322 9: 21.6 25.-.26 0i21.5:22, 3; 8. s. 8.7 10, 5 11,83 14.o:1§=_
8 -1?.6 18.2 19 1* ‘18 .12 18.92 7.71 6,91 9,53 .12 92 12 5
8 14416001648 217.6.16.8. 6a95 6udh Bobo 111.8:12,0
10 « : 315.5§ >;16.1 17._*[' : : 8.3 ':1158:11.2
11 ‘11.2'12 1:12.5:  :15.2:15. 9§Zs 4: 5.?§ 7e6:  311.1:11.3
12 i 8.9:10.1:11.7: 4 i i 5.4: 5.1: 7.8: £
13 3 7.9: 8.1:10.2: e 1515 25 5.0) 5.4% 7.5, 02 0.8:10.8
14 i mer b P 313.4114.0% 4.82 4,95 4 ©110.6410.3

¥ 48 hour

interval instesad of 24 hour.
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The graphs show thgt the initial high rate of respiration
varies considerably with the temperature at which the de-
terminations were made. The shaspe of the curve also varies
with the temperature. The respiration rate falls most
rapidly at 30°C (86°F). With potatoes from 360P storage
the Trespiration rate was higher at 229C (71.60F) than at
309C the third day in the constant temperature chamber.
The respiration rate at 309C (869F) even fell below that
at 179 (62.6°F) during part of the period of high res-
piration. The rate of respiration at 179 (62,69F) was
high, but it at no time was as high as that at 22°C(71,6°F)
for the same period at the constant temperature.

It was hoped to determine by thiscexperiment whether
the amount of carbon dioxlde given off above the normal
rate is specific. 'That is whether the amounts given off
in excess of the normal rate for the different temperaturss
would be the same. The time necessary to bring the rates
of respiration to actual equilibrium was so long that
this was not done, Equilibrium was approximated to such
an extent however that rough egtimations may be made.

The excess earbon dioxide given off at 30°C {86°F) and
229 (71.6°F) from potatoes from 36°F storage was approxi-
mately the ssme. The excess given off 'at 179C (62.6°F)
was, however, somewhat less,

The shape of the curves at the different tempersatures
practically precludes the possibility of fitting the ef-~
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fect of tsﬁperature on the high rate of respiration to
general laws or generaliszations,

The time at which the maximum temperature was reach-
ed varied with the temperature at which determinations
were made. The determinations for the first 24 hours
interval at 30°C (86°F) were made in two twelve hour ine
tervals, the respiration rate being slightly highér in
the second than in the first.

The initial respiration rate &t 17°C (62,69F) shows
that potatoes do not have to be changed from cold stor-
age 10 a very high temperature %o produce an appreciably
higher rate of respiration than is normal for the given

tempaerature.

THE EFFECT OF FLUCTUATING LOW STORAGE TEMPERATURES ON
RESPIRATION IN POTATOES AT HIGHER TEMPERATURES

In the previous experiment the storage temperatures
were constant. Large quantities of potatoes are stored
in common cellar storage with fluctuating low tempera-
ture. Por this reason experiments were performed with
potatoes stored in a storage cellar and with potatoes
which were changed from lower to higher cold storage temp-
eratures.

Experiment 1l:~ Some samples of Rural New Yorker pota-

toes were stored in a vegetable storage cellar soon af-

ter digging., OSamples were removed at intervals of one
month and respiration rate detarmiﬁed at 229C(71.6%F).,

The results are given in table 4.



TABLE 4. Respiration of potatoes at 2200 (71,6°F) after d:lfférent periods of cellar storage.

-

Temperature __: pate of  :No. of , o Milligrams of COg per kilo per hour
Ave. Daily: Range ' Removal tdeys in: gt : 2nd . Brd : 4th : Bth : 7th : 9th
Mean ¢ . ‘from Storage :Storege: day : dey : day : day : day ¢ day : day
49.0 :42,0-60.0! Dec. 6 : 29 : 8,05 :11.63 :11,88 :11,39 : 9,44 : 8,62 : 7,91
42,96 :38.0=~4895: Jsm, 6 : 60 : 8.88 :11,31 :12.79 213424 :12;02 : 9,66 : 7.84 o
41,97 :35.5-48.0: _ Feb, 7 89 :10.26 :165,99 :17.69 :16.66 :14.29 :10.61 : 8,03
41,6 :31.5-49.0:  Mer. 7 120 :12.47 :15.83 :17.21 :16.26 :13.54 :10.08 : 7,52

(1] e

»

1650 : 9.90 :10.95 :12.10 :12.51 :11.16 :10.37

- g »

4648 :39.5«53.0: ApT. 7

.. o8 ue .® o *y o

9.85

52.8 :42.8-58,3:  May 7 : 181 : 9.74 :10.48 :10.48 : 9.15 : 8.33 . 8.34

. .

+0 e jud aa ea s e
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The mean temperature for the month preceding re-
moval from storageé was in no case very low, so0 very
high initial rate of respiration was not obtained on
any of the samples. ‘Yhe respiratioé rate seemed to
be influenced by the mean temperatpre rather than by
the extremes., In general the lower the mean tempera~
ture for the month preceding removal from storage,
the higher the initial rate at 229 (71.6°F). The
data also indicate that the period in the storage
life of the tubers has no apprecisble influence on
the initisl high rate of respiration on removgl from
storage, but that this varies with the storage temp~-

eraturd.

Experiment 2:- Scotich Rural potatoes which had been
stored in a brick vault were used for this experiment.
On January 21 samples were selected and stored at a
temperature of about 0° (32°F), maintained in a
large box surrounded with ice. 4t the end of four
waeks the samples were removed from this temperature.
Respiration determinations were startad at once on

one sampie while other samples were stored at a temp-
erature of about 45%"., These were removed at inter-
vals for respiration tests.,

Results are given in table 5,
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TABLE 5. Effeat of change from lower to higher stor-
age temperature on respiration rate at
c (71,69).

*e

: .
Poriod : Mean temp.: Milligrams of CO, per kilo per hour

of H of 2 . for 54 hours ‘
storage : storage : 1 : 2 2 S : 4 :95 3 62 7
“Weeks : 3 3 : :

0 : 189,72 42,03 36.7 224, 5 30.6% 25 6:21.1

1 s 46,0 140,12 41.3:58.5 51.3:22.0:17.4

2 i 44.85 $26.6: 28.7: 23.6: ',19.2.16.5§

4. i 45.1  122.0: 21.3120.8:  $16.8:11.4:

| The results show that there is a decrease in ini-
%ial rate of respiration at 229C (71.6%F) varying with
the length of storage at the higher storage temperature.
The rate of raespiration after one wesek of storage is,
however, very little different from that immediately
after removal from the contéiner surrounded with ice,
How much lowser the rate would have gone if samples had
been left longer at the higher storage temperature is

not known,

Experiment 3:- Some Rural New Yoiker potatoes

which had been stored at 36°F at Arlington since dig-
ging were changed to 40°F on Feb. 24, and allowed to
remain at this temperature for four weeks., They were
then removed and respiration determined at 229C(71.6°F),

The results obtained are given in table 6,
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TABLE 6, Comparison of raspiration rate in tubers
which had been stored at 36°F for more than
thres months then changed to 40°F for fouy
weeks with rates in tubers from 36%nd 40
storage.

Storage :Regpiration determined at 22°C (71.69F),
treatment -Milligrams 02 per kilo per hour for 24 hour

[ _ _ periods .
+ 1 2 3 :4 :5‘6:7‘3 < 9
3 3 : : :
368 $91.8:41.2246.4342, 5 34, 6328 0:25 4 19 1 16.2
3608 s s 2 2 H : s -
changed tos: 4 : $ 2
4QOF 228,62 55.6 36.0252 5‘26 2'22.7 20 5 18.1 15,5
G0OF  214.5:19.5:18.9:1704:1409112.5:10.5: 9.5+ 8.6

After four weeks at 40%F the rate is somewhat lower
than in potatoes brought direct from 36°F storage. Still
it is very much higher than initubers which had been sto-
red at 409F since they were dug. Results given in the
table for potatoes from 36 to 40°F were not obtained at
the same time as those which had been changed from 3Z6°F
to 40°F in storage, but results of other experiments in=
dicate that the difference in time makes little, if any,
difference.

It would seem then that the effect of storage at a

lower temperature is felt inyppotatoes changed to a high-

er storage temperature for s relatively long time. This

would indicate that when the temperature goes up in or-

dinary cellar storage in the spring if the mean temperae
some time,

ture has been low for/That the respiration rate is like-

1y %o be excessively high.
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'PERIOD OF STORAGE AT 1LOW TEMPERATURE REQUIRED TO OBTAIN
| THE MAXIMUM RESPIRATION IN POTATOES WHEN EXPOSED TO A
| HIGHER 1EMPERATURE,

The effect of storage at low temperatures for com-
raratively long periods on the respiration rate in po-
tatoes at higinr temperatures has been shown. The Ffol-
lowing experimentis were conducted to determine the mini-
" mum storage period which would produce the maximum res-
piration rate at a higher temperature.

Experiment 1z~ On March 3, 1924 samples of Rural New

Yorkexr potatoes were'stored at a constant temperature of
220G (71.6%%). They were kept at this temperature un-
til March 19, in order to allow the respiration rate to
come to equilibrium. The respiration rate was then de-
termined on one sample and the others were stored at a
temperature of 56.59?, but the temperature fluctuated
rather regularly between 35 and 29°P. Semples were ra-
moved at intervals of one week and respiration rates
determined at-22% (71.6°F).

The results of this experiment are shown graphically
in Pig. No. b,
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The graph in fig. 5, shows that there is an in-
craase in respigation rate with periocd of storage up
to about thres weeks. There is no appreciable difference
between the maximum respiratory rate at 229C(71.6%F) af-
ter 23 days storage at the low temperature and the rate
in a sample that had heen stored in the same place for
about five months.
‘Egperiment 22~ Samples of mature Irish Cobbler po-
tatoes were dug Aug. 18 and respiration determinations
started on duplicate samples. Similar lots of tubers
were stored at a constant temperature of 37°F, Other
lots of the same potatoes were placed in common cellar
storage where the temperature was fairly constant at
about 65°F for the duration of the experiment, Samples
waere removed from both types of storage at intervals of
one week and respiration rates determined. On account
of the high room temperature during the first three
weeks of this experiment it wés not possible to ob-
tain accursate temperature control in the respiration
chambers, The respiration rate in the tubers from the
callar storage was considered as & check with which to
compare the rates in tubers after storage at the low
temperatura, The respiration rate fluctuated with fiue-
tuations in temperature.

Results are given in Tables Nos. 7 and 8. The

data in table No. 8 were obtained by dividing the res~
riration rate in potatoes from cold storage by the rate

~in the check. In this way fluctuations dne to varia-
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tions in the temperature at which respiration was deler-
mined were largely avoided since comparable ratios are

obtained.

TABLE 7. Respiration of Irish Cobbler potatoes after aif-
ferengrperiods of storage at 379 and the cellar
at 65

" Period of:Mean temp-
storage :ierature
weaks :of storage

Milligrams of 602 per kilo per hour
for 24hour intervals,

os 80 o8 \‘ "

: "1 : 2 :1 8 :4& :b 36 : 7
0 : $10.2; 9.2:10,4; s.af 8.7 :
1 3% 154.8124.9: 17.7‘17 0:14.1: : 15.3
1 ;ﬁ 25°r : 9.8‘ 9, 13 9.82 1o 9.10 : : 10,3
2 : 37°p 275 1.40 33 21.6 16.6:12. ; : 5.8
2 : 65°F 215 1:12. 2 8. 5 e z 54 9f ;4.
3 : BI9F  :26.7:29.9: zo 531649 218, 01 16.9E 1344
3 :  65°F & 5.7: 6.2; 4 8: 5. 1: 6. z~ 6.6~ 6.4
4 : 31°F 219.1‘21.? 320,92 17 72 15 0z 12.7o 11l.4
4 :  65°F : 6.5- 6.47 6,32 6a2: 6232 623: 5u9

TABLE 8, Period of storage necessarg to produce the maxi~
mum respiration rate at 22°C (71.69F). Results
are expressed as ratio betwseen regpiration rates
of potatoes stored at 379F and 65°F,

Period of ; Ratio based on determinations at 24 hour in-

storage at; - tervals,

37°F ,Weekss 1 : 2 : 3 : 4 : ) : 6 : ki
1 : 335 % 2e74 2 1,81 : 1,56 : 1,36 : : 1.29
2 ; 5. 80 5 8,30 3 2.54 32,51 £ 2.16 - P 1.2
3 : 4,68 : 4,62 ; 4023 § B.TL i 2.90 3 2.56 ; 2,09
4 : 2494 : B39 : B.32 2 2.85 1 2.38 4 2.02 & 1.93
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Again it was found that the initial respiration after
removal from storage, increased with the storage pariod
up to 3 weeks. No explanation is offered for the respira-
tion rate being less after four weeks of storage tgan
after three weeks of storage. The resenn why the maximum
rate was attained the first day after removal from stor-
age after one and two weeks and the second day after three
and four weeks is not wknown.

Experiment 35~ At digging time Oct, 20, 1923, samples
of Rural New Yorker potatoes were selected and placed in
storage &% a mean temparatura\ef about %6°F, At intervals
of one month samples were removed and respiration rate
determinea at 22% (71,6°F).

Results are given in table 9.

The respiration rates in potatoes removed in different
monthe are not appreciably different. This is furtherx
evidence showing that after & certain period of storage
further storage at the same temperature does not increase
the initial high rate of respiration in tubers changed to

higher temperature.



TABLE 9. Respiration of potatoes at 889 (71.6°F) after different periods of storage at 36%Fs

__zgn_m_er_wu_rs___f Date of ‘no. of Milligrams COpper kilo per hour

Ave. Daily’ Renge  :Removel from deys ini""1g¢t : 2nd : Brd : 4th : b6th ¢ Tth
Mean . . storage :8torage: day * dey : day : day : day : day
36,86  :33.0-49.0 : Dece 3 _: B4 i 17.8 19.5 : 19.0 17,1 15,0 12.2
36,68 :385.5-42.0 : Jen, 2 ! 64 i 19.3 : 25,0 } 22,1 i 20.7 : 18.8  14.1
35463 i82.0-40.8 ! Feb. 2 : 96 : 15.0 } 18.2 } 19.1 } 19,6 i 16.7 ! 12.5
56,21 185.5-59.5 i Wer.® 1124 f 11.8 ! 16.0 } 148 : 14,6 ! 18,4 : 11.4
86,47  :33.0-40.0 : Apr. 8 154 : 16.2 : 19.6 : 20,1 : : P 18,4 &
564583 183.7-39.5 i May B8 184 i 16,8 i 17.8 i 17.8 } 16,7 i 17.5 : 14.1 !
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INVESTIGATIONS CONCERNING THE CAUSE OF THE INITIAL HIGH
RATE OF RESPIRATION IN POTATOES WHEN MOVED FROM A LOW TO
4 HIGHER TEMPERATURE.

Since carbon dioxide is more soluble in cold water,
it might be thought that the initial high rate of res-~
plration wﬁen potatoes are moved from cold storage to
higher temperature is due to the driving off at the higher
temperature of carbon dioxide backed up in the tissues at
the lower temperature. Magness (12) found a higher con=
tent of carhom dioxide in the intercellular spaced of po-
tatoes at high temperatures than at low temperatures and
he believed that eonsiderable carbon dioxide had come out
of solution. When potatoes were removed from 36°F and 40°P
storage and respiration rate determined at 22°C (71.6°F).
( table 3), it was found that the maximum respiration rate
was not attsined until the second or third day. If the
high rate of respiration were due to carbon dioxide backed
up in the tissues the maxXimum rate should be obtained as
soon as the tubers attained the temperature of the con-
stant temperature chamber. The rate should a&lso decline
rather rapidly, but this was usually not true. Calculations
showed that in some cases more carbon dioxide was given off
in excess of the normal rate than could be dissolved in the
water of the potatoe 2t the storage temperature.

Experiment - Some determinations of the C0g/05 ratio
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were abtained by the method of Magnese and Diehl (13)
moéified as previously explained. Determinations were
made as soon as possible after remowal from cold stor-
age and after being at 22°C (71.6°F)., for varying lengths
of time. In this way, the respiratory quotient was ob-
tained for different rates of respiration during the
period of initial high respiration. The results are
g8iven in table 10.

TABLE 10, Respiratory quotient determined at 22°C (71.6°F)
in tubers from cold storage.

Respiratory Quotient Reppiration rate in mgs..
yexr kilo per hour. '

1,02 49,7%
1.10 47,8
0.99 33.9
0.9¢ 3247
1.03 32,0
1.04 27.56
0.98 6.5

Although the respiration rate during each succeeding
24 hour period showed a marked decreage, the variation in
the respiratory quotient was well within the experimental
error of the method employed. As the respiratory quotient
during the period of initial high respiration after removal

from storage, was found to be unity, the carbon dioxide

given off during this period must be due to true respira-

tion. All the evidence at hand indicates that the initisl
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high rate of respiration when potatoes are changed from
#0ld storage to higher temperature is not due to the
driving off of carbon dioxide backed up in the tissues.

Experiment 2:~ Spoehr and McGee(16) found a relstion-
ship existing between amino acid content and respiration
rate in sunflower ln#ves. Higher amino acid content seem=-
ed to be associated with higher respiration rate. It was
thought that there might be an accumulation of amino acids
in potatoes, as has been found in some other plant tissues,
when exposed to cold temperatures.

Amino nitrogen was determined in a water extiract from
the tubers, that had beemnstored iwo months &t Arlington
at the following respective temperatures: %6, 40, and 50°F,
Results are given in table 1l&. Calculations are based on
the average of closely agréeing duplicates.

TABLE 1l. Percentage amino nitrogen in tubers stored at
differsnt temperatures based on fresh weight.

Temperature of storage 50°F 400p 369
Amino nitrogen 0.128 0.121 0.111

No accumulation of amino acids was found at lower
temperatures, and so this cannot account for the high rese
piration rate after removal from storage.

Muller-Thurgau (14) and Appleman (1 & 2) found that

sugar accumulated in Irish potatoes which were held for
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& time at low temperature., If the tubers in which sugar
had accumulated were changed to & higher tempersature, the
accumulated sugar gradually disappears. Because of the
parallelism between sugar content and respiration rate
when potatoes are moved from cold storage #%a ﬁigher temp~
eratures, Muller-Thurgau believed that the sugar content
was the explanation of the high raespiration rate. Recent-
1y Hopkins (11) has emphaaized the relationship between
sugar content and the increased respiration observed in
potatoes at temperatures below 503. He attributes the
higher respiration at 09 to sugar accumulation. He be-
lieves however, that sugar may accumulate to such an extent
that respiration raﬁe may be decreased., Bennett and Bar-
tholeomew {8) also attribute the higher respiration in tu-
bers held at low temperatures 10 increased sugar content.
Appleman (unpublished data) found, however, that in tubers
removed from cold storage & %o 30°C (869F) there might be
.an increase in sugar content, both reducing and total
sugars, while respirgjion tate foll rapidly. Hasselbring
and Hawkins (10) found the respiration rate in sweet po-
tatoes, at 309C (86°F) previously stored at low temperae
ture, was so high that they did not think that it could
be explained on the basis of sugar content alone.

Several experiments were carried out which give
further evidence concerning the relationship between res=

piration and sugar content.
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Experiment 3:- Mature Rursal New Yorker potatoes
wera dug Oct, 239, 1924, On the day of digging uniform
samples of tubers weré selected. Respiration determina=
tions were started, at 28° (71.6°F) on one sample, im-
mediately and the other samples were stored at SGOF.
At intervals of one week, samples were removed and res-
piration rate determined for 24 hour intervals for omne
week at 229 (71.6°P). Three tubers were sampled for
sugar content when respiration determinations were
started. Sugar content was determined sgain immediatae=
ly after removing tubers from the consiant temperature
chamber.

Results obtained are given in table 12. Sugsar con-

tent is expressed in percentage of original fresh weight.



TABLE 1. Relation of suger content to Respiration in Potatoes.
Rural New Yorker Dug Octe 30, 1924,

-Percentages of sugar in the potatoes
at the beginning and end of the
reaspiration de termina&ions

Respiration determined at 28%

28 B 8 o8

Period o

Reducing Sugar Total Sugar

-
*

storage ‘Milligrams COp per kilo per hour

as oo snl s ew  es

at 36°F, : for 24 hour periods , . 7
: 3 : : : e : . : : .
_ P % :8 :3 : 4 :5 :6 : 7 ‘Beginning : FEnd ‘Beginnine ¢ Bnd
Weeks : : : : : : : H : : B !
0 ; 28 0*15~2=11-7' 9.8: 9.7: 7.9 7.7 ! 0,00 : 0.00 : 0,15 31 0,14 &
: e : : : : - ’ : 3 : ’
1 : B7.1:22,6:18. 5. 16,2:14,9:12.9; 11.6 : 0.84 @ 0,17  : 1,01  :0.43
PR { 22.8125.3:24,3 22.2717.5:16,0111.8 © 0,77 : 0.28 © 1.69  : 0.50
3 { 25,9:51,7:52.4} 27.7:22,9:18.9:15.1 : 0.74 : 0,39 : 1.54 P 0.77
4 : 25.7:31.8:33.3: 28.8:22.2:18,1:14.9 : 1,16 : O0.51  : 1.98  : 0.77




Immediately after digging the respiration rate is
high but it falls rapidly when kept at 22°C (71.6°F)
for one week, however, the sugar content did not change,
no reducing sugar being found at the end of this period.
After one week of storage the sugar content and respira=-
tion rate were both increassed and both decreased after
a week at 229 (71.6°F). After two weeks storage there
was a conslderable increase in sugar content, but only
& slight increase in respiration rate., After three

-

weeks storage no increase in sugar content waéiobtain—
ed but the respiration rate was higher than ;fter’two
weeks storage. After four weeks storage the resPird%ion
rate was about the same as after three weeks storage
but the sugar eontent was higher, More reducing sugar
was present after three and four weeks storage and one
week at 229 (%1.6°E) than immediately after removal
from storage of one week yet respiration rates are very
different. The time that the maximum respiration rate
is reached at 229 (71.6°F) varied with the length of
storage.

Experiment 4:~ Another experiment similar to the one
just described, was run with immature Scotch Rural pota~
t0es. Respiration determinations were started on dupli-
cate samples at 229 (71.6°F) immediately after digging
and the other samples stored at 36°F. Duplicate samples

were removed at intervals of one week for respiration

determinations. Eight tubers were sampled just before
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the tubers were placed in the constant temperature cham~
ber and again immediately after removal, in order to de~
termine the sugar content.

Results are given in table 13.



TABLE 13. Relation of Réspiration to Sugar Content in Potatoes, Scotch Rural - Dug Nov. 3, 1924

Respiration determined at 22°C

«Percentages of sugar in the pota%oés
:at the beginning and end of the rese

Period of
storage ; piration dete;minations
o] *Milligrams COo per kilo per hour for 24 hour H o A fuﬁ,f;\,a.f .
at 36°F . 2 veriods | iﬁggncing:sngar £ Totai.suggzx.
1 2 : B3 t 4 B * 6 7 .Beglmning: End :Beginning: End
Weeks . : : : : : : : : :
0 s 24,2 : 20.4 : 1%ed : 1661 : 133 : 1249 : 1247 020 : 0443 : 0442 s 0,58
: : : : : : : : , T : : 1
1 t 38,1 ¢ 31.6 = 24,1 : 1905 : 17.4 14,8 + 12.8 : 0.956 $ 0080 : 1.28 !"‘0.98 ll%
2 1 3349 1 3148 2 26,5 1 19,8 : 1H5.9 1 13.6 : 12.6 : 1.0# : 0.88 : 1.36 : 1.08 '
3 : B0.1 : 2949 : 22,8 : 19.3 : 16,1 : 13,6 : 12,0 : 1,07 : 0.8l : 1.38 : 1,00
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Sugar content was low at digging time, but increas-
ed after a week at 22% (71.6°F) while the respiration
rate fell to half of what it was at the start. After one
week of storage the sugar content increased considerably
and the respiration rate at 229 (71.6°F) also increased.
The respiration rate fell rapidly during the week at 22°C
(71.6°F), while the sugar content decreased only slight-
ly. The slight decrease in sugar content could hardly
explain the great difference in respirstion rate on the
first and seventh day. A:ter two weeks of storage there
was a slight increase in sugar congent but there was no

increase in rate of respiratiom. Again though the res=

piration rate fell rapidly during the week at 22°¢ (71.6%FJ

the decrease in sugar content is not marked. Muller-Thur~
gau (14) did not find that sugar accumulated rapidly in
new potatoes 80 uit was a surprise 1o find the rapid in=
crease of sugar in these potatoes after a week or two

of storage. As there is not a very appreciable differwe
ence between sugar accumulation after one and three wemks
it may be that further increase in sugar content due fo
low tempersature might not have occurred for several Weeks,
Sugar accumulated in this variety, Scotch Rural, seems

t0 be largely reducing sugar.

Expexriment 4:- In a paper read before the Physiolo=-

gical Section of the American Botanical Society at the
meeting of the Americanm Association for the Advancementy

of Science for 1984, Hopkins stated that wounding po~-
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tatoes caused an increase in sugar content. He attri-
buted the higher réspiration found by other workers,
in wounded potatoes to be due to the inereased sugar
.contant.

An experiment was carried oui to determine whether
wounding caused an increase in sugar in tubers previouse
ly stored at low temperature.

On January 21, some 0ld Irish Cobbler potatoes were
placed in a container surrounded with ice. Ice was kept
around the container fof four weeks. Two samples were
then selected and placed at 229 (71.6°F) for 6 hours in
order to allow}%:bars to come to the desired temperature.
Then one lot was wounded by hacking with & knife and the ‘
other was left unwounded. Carbon dioxide free air was
drawn over the samples for half an hour and respiration
determinations started. Determinations were made at the
end of 12 and 24 hours. A composite sample of six tubers
were analyzed for sugars. Samples were taken just before
the respiration tests and at the end of 18 and 24 hours,
‘Tubers sampled after 12 hours received the same treat-
ment as the ones, on which respiration determinations
were made, but were in & different containers. This
was done so that there would be no interference with the
respiration in the tubers.

Results are shown in tables No. 14 and No. 15,
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TABLE 14, Effect of wounding on respiration rate in
tubers. Respiration at 22°C (71.6°F),

'602 per mg. per kilo per hour.

1st 12 hours 2nd 12 hours
Unwounded 32..8 27.7%
Wounded b3.4 47,9

TABLE 15. Effect of wounding on sugar content in tubers

t :
Percent :Total Sugars:Reducing Sugars
.Moisture;F Por coent :  Per cent
«Fresh: Dry :Fresh Dry
: Wi, 3 :W¥¥ s Wi, Wte
81.49 :2,891: 15.01:0,334¢ :1.809

» we 8%

% Bh |0

Before wounding

(13

12 hrs after wounding ; 81.09 $3,059: 16.17:0,485 :2.562

80.56 32.914: 14.99:0,292

.
» (] L]

24 hrs.after wounding ; 1.503

33 38 oo [oe se oo s an @

»e W ev Jad

The data show that the wounding caused a rather large
increase in rate of respiration, even though the rate was
high in the unwounded tubers due to storage at low tempera=
turs. After ]2 hours there was a slight increase in re-
ducing sugars over that present at the start. After 34
hours the reducing sugar was slightly less than it was
at the start. Most of the sugar that accumulated in store .
age in this case was not reducing sugars and the amount
of sugar, other than reducing, was practically the same
at the different times of sampling. It hardly seems

justifiable, in this case to attribute the large increase

in respiration rate obtained after wounding to the slight

increase in reducing sugar that was present after wounding,

Appleman, in unpublished resulis, found that if

tubers are sesaled in containers with little air space,
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very little sugar accumulated at low temperature and
that acoumulated sugar is not readily changed to starch
at higher temperatures if tubers are kept sealed. 1In
order to test respiration of cold storage potatoes
which were sealed up, the following experiment was con-
ducted,
Experiment 5:- Samples of potatoes were stored at
Arlington November 7, 1924 at 369F., They were kept
~ at this temperature until February 24, 1925, on which
date a semple of five tubers was used for sugar analy-
sis, and two samples were changed to 409", One of these
samples was sealed in a desiccator and the other was
not sealed., After four weqks gtorage at 40°F the ssm-
ples were removéd. Four tubers in each sample were
sampled for sugar analysis and respiration determina-
tions made on the remaining tubers of the samples,
Results are given in tables No. 16 and No, 17.
TABLE 16. HRespiration rate in tubers sealed and unsesl-

ed, changed from storage at 369" to 40°F,
Respiration determined 22°C (71.6%F),

:Milligrams COg per kilo per hour for 24 hour

: . periods.
i1 2 s ta fs te tq g lg
K : : : : : : R
Unsealed 52846:30.6236.,0:52.5:26.2:28.7:2043:18,121545
' $ - . a . . » A . .——
Sealed 261, B3:50.8340.4335.68%33.5332,7£53,12%2,0230,6
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TABLE 17, Percentage sugar in tubers sealed & and unsealed
changed from storage at 36 F to 40 °p.

sPercent :Total Sugars:Reducing Sugars

sMoisturez Per cent : Per cent
z ‘ :Kreéﬁ?hry :Fresh : Dry
H « Wt. 2 Wt F Wto s Wte
~Fron 36°F : 61.57 :4.068: 2.00:1.815 : 9,854
: : s b
369F to 40°F Unseale&* 8l.656 :2.8762 156, 6?41 244 s 6,779
h : I': : )
36 to 40%F Sealed + 81,12 . .:4.454- 25.5932 185_:11.573

When the samples were mmoved from the cc;nstant tempera-
ture chamber the tubers were ocut and examined for black-~
heart. None of the tubers that had not been sealed in stor~
age were affected. All of'the tubers tha}¥ had been sealed

' had hollowse centers, which apparently weréﬂéue to the
drying up'of blackhieart tissue. The presence of black-
heart in tubers sealed in ‘storage intarfefbataomewhat with
interpretation of results. Sugar had accumulated at 36°F
storage. When the semples were changed to 40°F and kept

.there for four weeks the sugar content decreased in the '
unsealad tubers but there was & .slight incréage of sugar
in the sealed tubers. The respiration rate was higher in
tubers that had been sealed, and though the rate fgll ra~-

pidly at the start it seemed 1o be coming to equilibrium

while still high. Presence of black heart might explain
this. Sugar had decreased in the unsealed sample but was
8till present in rather large ahounts.l

Experiment 6:~ Febtruary 25, 1925 two samples of Rural

New Yorker potatoes which had previously been used for

other experiments, but had been asround the laboratory long
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enough for their respiration rates to come to equilibrium
were stored at Arlington at 36%F, One sampls was sealed
in & desiccator and the other was ungealed. After four
weeks of storage the samples were removed, 6 tubers of
each lot sampled for sugar analysis, and respiration starte
ed on the remaining tubers of the samples. No blackheart
was found in the tubers used in this experiment.,

Results are given in tables No. 18 and No. 19.
TABLE 18. Respiration 5ata in sealed and unsealed tubers

stored at 36 Fofor four weeks. Respiration de-
tormined at 22 (71.6°F).

Milligrams COp per Kilo per hour for 24 hr. periods
) 21 :2 23 24 s+ b 16 117 28 29
Unsealed: 26, 3:29.0:26,4200,6322.0320e L217e8217:2215.22

L] -

Sealed :45.1:37,0:28.8:81,8:14,9:12.2:11,6:10.5510.6:

TABLE 19. Sugar content in sealed and unsealed tubers
stored at 36°F for four weeks,

sMoisture :z Total Sugars : Reducing sugars

:Per cent 2 Pexrzcant ] Per coent

3 ¢ Fresh : Dry ' :Fresh : DbDry

3 s Wt. s Wt. tWieight :Weight
Unsealed : 2.63 : 2,084 : 11.998 : 0,332 33 1,911
Sesled : 81.48 : 0,621 : 3.353 : 0,221 : 1,193

The respiration rate in the unsesaled sample was much
lower than was found in pqtatoes that had heen stored at
Arlington at 36%F gsoon after digging. The respiration
rate in the tubers which had been sealed was much higher
then u the unsealed at the start, but the fall was mors

rapid and was less from the fourth day on. Litt{le re-
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ducing sugar was present in either sample, but there was
less in the sesaled sample. There was considerable sccumu-
lation of total sugars in the case of the unsealed sample,
but little in the sealed one. It is possible that there

1s some backing up of dissolved carbon dioxlide in the tis~
sues of tubers that are sealed in containers where the
tubers occupy practically all of the space. This would

be true also for the experiment described previous to this
one, so it would seem that the sugar content cannot‘explain
the difference in respiration rate in both cases.
Experiment 7:~ On January 21, 1925, some potatoes
variety Scotch Rursal, which had previously been stored

in the vault, since soon affer digging, were placed in &
container for four weeks. The tubers were then removed.
Respiration determinations were started at once on & sam-
pla and 6 tubers were sampled for sugar content. The

other tubers were stored at 45%F, Samples were removed

at intervals of one, two, and four weeks and sampled for
sugar content and respirstion rate determined at 229 (71.6°P)

Results are given in tables No. 20 and No. 21,
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TABLE 20. Respiration rate and sugar confent in tubers

kept cold with ice four weaks then stored at
temperature of about 45°F for varying periods.

Weeks in: Temperature
Storage :Mean : Range

‘
0 $iklog ;C‘Z"ﬁ«'d

hry for 24 hr.perieds
b

<M CO er kil r

(1Y
AR LN (1)

90,7142, 0 26, 7 5 50 6,25 6: 21.1
:40,1:41. 5 58, 5 31, 5 22. 0 17.-.

26 6 28.7 23 6- '19 2 16.3'

no
»

*
4% % Jeb st fjer e hhh o» Lad

1
2 344, 85:40~49
4

s o0 Juh 4% JAS wn

23.0;: 21.3 20. 8 :16.8.11._.

TABLE 21. Percentage sugar in cold storage potato after
different periods of storage at about 459F,

: : . Total EygarsA : Reducing Sugars
Period of:Per cent: Par cent s Per cmnt
storage :Moisture:Fresh wt, :Dry Wt. :fresh Wi, :Dry Wt
Wke. : < : ' s .
1 ¢] s 80,29 <+ 3,16 s 16,03 s 2,43 1+ 12,33
1 . . 80,76 : 2,85  : 14,88 : 2,29 :: 11,89
2 : 79.90 : 2.3 2 11.87 s 2,00 : 9,94
4 s 80,55 3 1,74  : 8,92  : 1,45 : 7,44

The respiration rate decreased with the length of time
of storage at the higher temperature, though the rate after
one week was not very different from the rate at the start.
The sugar content also decreased with the length of storage
at the higher teﬁperaturo. The reducing sugar conient was
high immediately after removal from the ice surrounded con=
tainer. After potatoes were four weeks at about 45°F, re-
ducing sugar was still present in appreciable quantities,

though 1t\had decressed considerably from the content at the

start.
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Experiment 81~ Because the maximum rate of respira-
tion 1s not attained the first day at a constant tempera-
ture of 229 (71.6%F) an experiment was carried out to
determine the change inhsugar content at the time of max~
imum respiration rate. Duplicate samples of Rural New
Yorker potatoes, which hzd bseen stored at Arlington Nov-
ember 7, 1924, were removed from the 56°F and the 40°F
room respectively on the afternoon of April 8, 1925. On
the morning of April 9, four tubers from each storage
temperature were sampled for sugar content. Respiration
determinations were started at 229C (71.6°F). Two ard a
third days after respiration determinations were started
one of the samples from each of the previous storage temp-
eratures was sampled for sugar content, and respiration
determinations continued on the other samples. After
twelve days at 229 (71.69F) the respiration determinatiecns
were stopped and samples were again taken for sugar analy-
gsis. When removed from the constant temperature chamber
sprouts were about 0,9 cm, long on tubers from 36°F storage
and sbout 1.5 em, long on tubers from 40°F storage.

Results are given in tables No. 22 and No. 23,
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TABLE 22, Respiration rate in tubers from %6°F and 40°F

storage.
esgiration rate - Mg. COn per kilo per hour for 24 hr, periods
H : Vs : s H s H H
From : 1 :2 :3 s:4 :5 16 7 : 83: 93 1R :
: R T : : : : : : :
360F 235, 2:45 9:46,2: 39 5:54 13 29 7:25.6: 22 2 19,0:16, 0:
:

H
40%F :12, 9:15.2:14.0; 15.b 11, 8 {11.6; 11.5 9, 7 9.7: 9. 5:

TABLE 23, Sugar content in tubars from 36°F and 40P stor=

age.
Previous :Days.Per eent:Total Sugars ;Reducing Sugars
- Stokage sat_ :moisture: FPer cent s Per cent
Temperature:22 Cf iFfﬁEE‘ﬁT7?DTT“WTETFTEEK“Wfoﬁffﬂﬁt;
36°F 0 g 82,46 23,618 320, 650.2 1,502 28.564
569F _ 321/55 82,68 35.051 117,616 : 1,154 36,665
36°F iazgsg 83,35 10,054 ; 0,324 E 0,019 :0.113
40%F i 0 5,82.4 20,061 : 0346 : 0,039 10,219
40°F  i23/3: 82,31 0,051  : 0,288 : 0,081 _ 10,177
40% égg : 85,0 10,027 _ : 0159 : 0,009 :040547

The data show that while the initial high rate of rese
piratioﬁ was increasing in the tubers from both tempera=-
tures of storage, the sugar content was decreasing. Thus
for a time there is no parallelism between sugar content
and respiretion rate. It may be thought, as Hopkins(1l)
thinks possible thatl sugar may accumulate 1o such an ex-
tent that respiration rate may be retarded and after some

decrease in sugar the rate will increase. This could not

be itrue for the potatoes stored at 40°F however,. The

change in sugser content from the beginning to the end of
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the experiment ig much greater, in proportion, than the
change in rates of respiration. The sugar content in
tubers From 569F after 12 days at 229 (716%F) was about
half the sugar content of tubers from 40°F at the start,

yet the respiration rates are about the same.

Experiment 9:~ During the storage season of 1923-24
some tubers were stored at 52°F for about 2.5 months,

The temperature went down to as low as 28°F at one time

and many of the tubers Were noticeably cold injured when
removed from storage on February 21. A few tubers that
were apparantly imingured were selected and the respiration
rate determined at 229 (71.6°E). The respiration rate
obtained is shown in the following table.

PABLE 24, Respiration rate in tubers stored at 32°P at
Arlington.

Milligrams of CO_ per kilo per hour, for 24 hour periods.
1 % 2 '3 T4 ip5 e 17 18 ig %10
148,3:121,1188.1:7043160.4352,0147,5:453,9:58.8:41,3

LAY AV)
*h *0 &b
s 8% 0

2% as

When it is remembered that the normal rate of this
variety at 229 (71.60F) is about 5.5 mg. CO, per kilo
per hour, it is hardly conceivable that increase in sugar
content could have been the cause of this extremely high
rate. No analysis was made however, Sprouts grew on

all of the tubers but they were not healthy. Low temp=

erature had probably injured the tubers to some emtent,
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The evidence presented concerning the relation of
respiration rate to sugar content shows that there is
often a parallelism between the two but that is not
always true. 1t seems doubtful whether we can just =y
attribute the high rate of respiration when potatoes are
movad from storage at low temperatures to higher tempera-
tureg to the accumulation of sugar &t low temperatures.
It seems that some other factor or factors may bve in-
volved. This does not lessen the importance of sugars
in the process of respiration, The important thing is
probably ® not the amount of sugar present, but in the
speed of the transformation of starch into sugar. In
the potato tuber there is an abundance of starch and if the
change of starch is rgpid enough to meet the needs of
respiration, the quantity of sugar present in the tissues

would not necessarily be important.
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DISCUSSION .

Considered both from the standpoint of the abnor-
mally high respiration rate when removed from cold stor-
age and the dormancy of the tubers, 40°F is probably the
best storage temperature for potatoes. The respiration
rate in tubers moved from 40°F to market temperatures
was abnormally high, but it was not half as high as in
tubers from 36°F storage. Temperatures above 40°F can
hardly be considered for late storage because the tubers
will not be kept sufficiently dormsant.

The period of abnormally high respiration in pota-
toes after a period of-cold storage also emphasized the
importance of special attention to ventilation of these
potatoes at higher temperatures %o prevent heating in
large quantities of potatoes. This would also probably
apply to potatoes in storage cellars when the temperature
rises in the spring. |

The cause for the abnormally high rate of respiration

when potatoes are moved from cold storage to market temp-
eratures is not definitely known. That we have to deal

with actual respiration seems established. XEvidence has
been presented to show that there is not always a parallel-~
ism between sugar content and respiration rate in pota-

toes but this does not prove that sugar content is not an

important factor in respiration. There is some evidence



to indicate that the respiration rate may be limited
by the permesbility of the skin to gases. There are
likely to be changes in the tissues, brought about by

low temperature, which &t present are not known.
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SUMMARY

1. The respiration rate in tubers placed at 22 (71.6°%)
was high immedlately after digging, but after coming to

equilibrium remained constant.

2. When Irish potatoes were moved from storage at temp=~
ergtures ranging from %2° to 50°F to a counstant higher
temperature the initial rate of respiration at the higher
temperature was greater than the respiration rate in po-~
tatoes kept continuously at the higher temperaturs.

3¢ <The lower thexstorage temperature the higher the ini-

tial rate of respiration at the higher'temﬁerature.

4, Respiration rates in potatoes after cold storage

determined at constant temperatures of 300C (86°F), 220C
(71.6°F), and 17° (62.6°F) in tubers from 36°F and 40°F
varied with the temperature at which respiration was de-

termined.

5. The initial rate of raespiration was not maintained
but after attaining a maximum decreased over a period

of several days depending upon the storage tempersture.

6. A storage period of three weeks seaemed necessary
140 cause the maximum rate of high respiration in the tu-

bers when removed from storage temperature of 56°F.

7 After a storage period long enough to cause the maxi-~

mum respiration rate when removed from sstorage, the period
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in the storage life of the tubers seems to have no appre-
ciable influence pn the respiration rate when potatoes

are removed from storage.

8+ The respiration rate at 22% (71.6°F) in tubers chang~
ed from %6%F to éOOF for four weeks was much higher than

in tubers stored at 40°F only.

9. A respiratory quotient of approximately one shows that
actual respiration caugses the excessive amountis of carbon
dioxide given off when tubers are moved from storage to

higher temperatures.

4

wf

10. No correlation was found between amino acid content

and respiration in potatoes.

11. There is not always a parallelism between sugar con=~

tent and respiration rate in Irish potatoes.
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