A COMPARATIVE STUDY OF THE AKROBIC AND ANAFROBIC RESPIRATION

IN THE STORAGE ORGANS OF DIFFERENT PLANTS

By
e\
RUSSELL G.?ROWN

Thesis submitted to the Faculity of the Graduate School
of the University of Marylend in partial fulfill-
ment of the requirements for the degree of
Doctor of Philosophy

1934
T

TIBRARY, UNIVERSITY oF ARYVLATD

4B VAR il
e&' &} i !‘,} ¢



UMI Number: DP70082

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction is dependent upon the quality of the copy submitted.

in the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

UMI

Dissortation Publishing

UMI DP70082
Published by ProQuest LLC (2015). Copyright in the Dissertation held by the Author.

Microform Edition © ProQuest LLC.
All rights reserved. This work is protected against
unauthorized copying under Title 17, United States Code

ProQuest

ProQuest LLC.

789 East Eisenhower Parkway
P.O. Box 1346

Ann Arbor, MI 48106 - 1346



Introduction «

.

Review of literature . .

Methods .

L4 L 4 - . L J L d L]

Respiration . « , .

Chemical methads .

Experimental results . .

Poteatoes

Description of material
Ethyl bromide treatment
Storage in an air-tight container

Effect of storage in nitrogen

- - ® L ] -

TABLE OF CONTENTS

»

Vacuum treatment « « « ¢ ¢ o o

Wa und i ng * L L d * . L . *

Moist and dry storage

*

*

L]

Respiration subsequent to cold storage .

Respiration at high and low temperatures

Onions . -
Tomatoes .
Carrots . «
Parsnips .
Turnips . »
Green sweet

Mature corn

General discussion .

Summary . .

Literature cited

“ <

corn .

and soybeans

@

L L ] L] L] L d . L d L ]

[ ] L] - L L

L] - L d L] -

>

®

v

*

>

®

10
13
13
i3
15
17
18
21
24
28
30
43
50
53
59
67
71
73
82
86
89

91



INTRODUCTION

The anaerotic respiration of plants has been studied rather extensively.
Every plent so fer studied except a species of Elodea (Lyon, 1923) has been
found capable of producing carbon dioxide in the absence of free oxygen.
Because of this almost universal occurrence of the phenomenon, anaerobic
respiration is now considered a normal process of plants.and not an adapta-
tion to an unusuel condition. Alcoholic fermentation by yeast is a type of
anaerobic respiration, end a similar process has been proved to occur in
higher plents as a normal process and not as incidental to death. The present
concept of the genetic connection of the anaerobic and aerobic phases of
respiration will be discussed in the review of literature.

The chief purpose of the present study was to determine the ratio of
the enaerobic to the merobic respiration, the I/N value, for various plants
and the effect of different treatments thereon. The literature contains
conflicting data on this subject and further investigation was thought
advisable.

Much of the work has been repetition of previous research, extending
the experiments of earlier workers {Appleman, 1912, 1915, 1918; Bailey, 19213
Kimbrough, 1925 and others) to include anaerobic as well a8 merobic respi-
ration. The effects of various storage treatments, wounding, and treatment
with ethyl bromide have been determined with potatoes. Carrots, parsnips,
turnips, and onions have been subjected to different storage treatments in
regard to temperature. Green sweet corn and tomato fruits have been studied

at different stages of maturity. Mature corn grain, and soybeans have been

studied at different moisture percentages.
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REVIEW OF LITERATURE

William Cruikshank (Stiles and Leach, 1932) working with barley grain
was first 1o notice the production of carben dioxide in the absence of oxygen.
In 1804, de Saussure observed that different green plants liberated carbon
dioxide in an atmosphere of nitrogen. Much of the subsequent study of anaerobi
respiration was with fruits. Berard (Hill, 1913) found that green fruits
ripened in air but not in the absence of oxygen. Lechartier and Bellamy (1869)
reported that apples. evolved carbon dioxide for eight months, in the absence h
of oxygen, with the production of alcohol and carbon dioxice in almost equal
proportions. When Pasteur (1872) showed that the ratio of carbon dioxide to
alcohol was the seme as in yeast fermentation, Lechartier and Bellamy (1872)
repeated their wqu and found alcohol present deep in apple tissue where the
presence of yeast was impossible. This was the first definite proof that
anaerobic respiration is a normal, vital process in higher plants. Brefeld
(1876) found that various molds, seeds, fleshy fruits, leaves, flowers, and
wood gave off carbonm dioxide without access to oxygen. None of the material
used lived long in absence of oxygen except species of Mucor. Pfeffer (1878)
was first to use the term intramolecular respiration for the process in plants
by which food materisl is utilized by splitting of the molecules, with release
of carbon dioxide, production of energy, and the formation of new products.
He held the view that alcohol was an intermediate product of oxygen respiration
and that the intramolecular phase preceded and caused the aerobic stage.
Wortmann (1880} had the same general idea that Pfeffer held, but their theories
have been superseded because experimentel evidence failed to support them.

Bohm (1887) observed that the inner (anserobic)} respiration of potato
tubers was independent of traumatic injury, but was greater in tubers sweetened

by exposure to low temperature than in non-sweetened tubers.



Stich {1891) repeated some of Pfeffers work and found that the I/N
value, le, the ratio of anaerobic to aerobic respiration, varied with the
stage of development of the material used. He concluded that the various
chemical processes involved at different ages of plants affect the respira-
tion differently. He also reported that, under certain conditions,
equal amounts of carbon dioxide may be formed aerobically and anaerobically.
He regarded the liberation of carbon dioxide as a link in a chain of
reactions. Stich also found, with potato tubers, that wounding did not
affect the anserobic respiration; wounded tubers in hydrogen produced
about &s much carbon dioxide as unwounded tubers in air. Using gas
mixtures, the respiratory quotient, R/Q, ies. the ratio between the carbon
dioxide liberated and the oxygen absorbed, remained nearly constant
until the oxygen dropped to 2 to 4 per cent.

Theoretically, anaerobic respiration should give rise to somevhat
smaller amounts of carbon dioxide than aerobic respiration. In alcoholic
fermentation, only one-third as much carbon dioxide is produced as when
the seme amount of sugar is completely oxidized aerobically. However,
the I/N value has seldom been found to approximate the value 0.33, nor
does it remain constant. Wilson's data, reprinted by Kostychev, (1927),
contains I/N velues from 0.18 - 1.,20. Boysen-Jensen (1923) observed
even greater variation in I/N values., Grape fruits gave very high I/N
values, fiom 1.0 to 1.3. Potato tubers were more variable, giving
values from 0.44 %o 1l.10. Kostychev {1927} states that Moeller also
found variable I/N values. Richards (1896} found that carrots liberated
about as much cagbon dioxide in anserobic as in aerobic conditions.
Gustafson (1932) observed that the anaerobic respiration of cacti was
about equal to the aserobic over a period of several days.

On the basis of the wide variation in I/N values, Moeller (Kostychev, 19



Borodin (Kostychev, 1927) found no increamse in the aerobic respiration
of an elder twig after a period of anaerobiosis, thereby questioning Pflugers
(1875) theory of the formation of labile intermediate products by anaerobic
respiration. Borodins conclusions have been disproved by workers (Stich,

1891; Gustafson, 1930, 1932) who have observed increased serobic respiration
in plant materials after a period of anaerobiosis. Gustafson (1930, 1932)

has recently found that tomato fruits and branches of caeti liberate carbon
dioxide more rapidly after removal from anaserobic conditions than did controls
run continuously under aerobic conditions.

Diakonow (1886 et seq.) observed that certain common molds were incapable
of life in the absence of oxygen when on a medium lacking saccharine nutrients,
but readily produced carbon dioxide anaerobically on media containing sugars.
Normal respiration occurred on sugar free media, He worked with some higher
plants and found that seeds of Vicia faba produced more carbon dioxide in the
absence than in the presence of oxygen, and that the seeds of Ricinus communis,
very low in carbohydrates, showed a very low anaerobic respiration. Diskonow
concluded from his experiments and those of others, that anaserobic respiration
was not genetically connected with aerobic respiration. Palladin accepted
Digkonow's conclusions for a time, and finelly, Pfeffer gave up his view
concerning the genetic connection of the two phases. From this general dis-
belief in the connection of the two phases, occurring about the end of the
nineteenth century, the trend of thought has shifted, based on more recent
work, until now the theory of genetic connection is almost universally accepted.
Kostychev end his associates rank perhaps as the chief proponents of the
newer theory, while Maquenne and Demoussy, (1921), end Boysen Jensen (1923)
offer the strongest objections.

Buchner (1897) reported the presence of an enzyme, zymase, in yeast,



which could transform glucose into alcohol and carbon dioxide. This report
stimulated much study . Godlewski and Polzeniusz, (1901, cited by Hill, .
1913} discovered that, in the absence of oxygen, seeds gave rise to alcohol
and carbon dioxide in about equal proportions, and they favored the theory
that aneserobic respiration closely resembled alcoholic fermentation.
Kostycher (1902) determined that anaerobic respiration can take place at

the expense of different organic compounds. Tartrates, peptone, glycerin

and other media were used. Aspergillus niger produced oxalic acid from

sugars, but Mucor stotonifera produced oxalic acid in the presence of

tartrates.

Nebokich (1903) also found different types of anaerobic respiration.
Angerobic respiration, or fermentation of hexose sugars, gave carbon dioxide
and mlcohol in almost theoretical proportions. Organic acids were utilized
by some seeds in the absence of sugars, or other carbohydrates, with
consequent reduction in the amount of alcohol produced. In lactic acid
cultures, more carbon dioxide was formed than in alcoholic fermentation.

'Stoklasa, Ernest, and Chocensky (1907 ) described an enzyme isolated
from plants which resembled the zymasedescribed by Buchmer, and which
brought sbout lactic acid and alcoholic fermentation. These authors
hypothesized the formation of alcohol in two steps: (1) the transformation
of glucose to lactic acid by zymase, and (2) the production of alcohol and
carbon dioxide from the lactic acid by the action of lactacidase.

Kostychev (1904} repeated Diskonow's work and found that previous errors
in technique had given results which led to incorrect conclusions., Under

proper conditions cultures of Rhizopus nigricans or Aspergillus niger

produced carbon dioxide in the absence of oxygen when on media lacking

sugar. After the date supporting Diakanow's conclusions had been proven
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unreliable, and after the discovery of zymase in higher plants the general
opinion agein favored the theory of the connection of the two types of
respiration.

Kostychev (1927) supports the theory of comnection. He, with others
mentioned, have found that alcohol is not alweys produced in anaerobic
respiration, and it is now considered that a number of other products
may arise by the anserobic splitting of food materials. Acetaldehyde is one
product, the existence of which has been proven. {Kostychev, 1912) Organic
acids may be produced by anaserobic respiration (Nebokich, 1903].

Morkowin(1903) has shown for some plants that the I/N value for a given
plant is not modified by stimulants. He used quinine hydrochloride, among
others, and found that the anserobic and serobic phases of respiration were
increased in the same proportion. Smirnoff (1903, cited by Kostychev, 1927)
observed that wounding casused no change in the I/N’value of the plants he
used. His results do not agree with those of Stich {1891) and Richards (1896)
who found that the I/N value was changed by wounding. XKarlsen (1925) used
ether and alcohol vapors on germinating wheat and found that the I/N ratio
remained constant.

Ageinst the theory of the commection of the two types of respiration,
Maquenne and Demoussy (1921) found that certain folisge leaves were soon
killed when oxygen wes entirely withheld, but remeined living in en oxygen
supply far %oo low to support normal aerobic respiration.

Boysen~Jensen (1923) reported that the I/N values of some materials
fell below 0.33. In many of the plants giving low values for I/N, the value

decreased rapidly, perhaps due to injury of the plants by poisoning,
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METHODS
Respiration

In all the experiments recorded in this paper, the rate of respiration
was determined by measuring the amount of carbon dioxide liberated in unit
time. The aerobic lots were kept in air, freed of cerbon dioxide by passage
through & tube containing moist soda lime, and & check bottle containing
baryte water, before entering the respiration chaember. The anaerobic lots
were in an atmosphere of nitrogen, probably with traces of other inert gases.
The nitrogen used was water pumped, to eliminate possible contamination in
oil-pumped nitrogen. It_was purchased, compressed in tanks, from the Air
Reduction Sales Company.

Traces of oxygen present in the nitrogen were removed by passing the
gas over copper heated to sbout 400°C. in an electric combustion furnsace.

To insure greater surface area of copper for combining with oxygen, &
guantity of granuler cupric oxide was rolled up in a long tube of copper screen
cloth, placed in & glass combustion tube, and reduced to metallic copper in
e streem of hydrogen. The copper oxidized with use, and the reduction was
repeated vwhen necessary, usually daily. After passing over the coppver, the
nitrogen was drawn through a tube of soda lime, & bottle of alkaline
pyrogallol, and enother of baryta water to insure removal of carbon dioxide
and traces of oxygen. The alkeline pyrogallol was mede by dissolving 4 grams
of pyrogsllic acid in 10 ml. of water, and adding 40 ml. of potassium
hydroxide solution (made by dissolving KOH in an equal weight of water).

The potassium hydroxide solution was run under that of the pygallic acid.
Mixing of the two solutions was effected by bubbling the nitrogen through
the bottle. This method resulted in pyrogellol solutions of light red color

which darkened very slowly with use. The solutions of pyrogallol were renewed
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When they had darkened in color slightly.

The respiration apparatus was the one described by Kimbrough (1925)
and Smith (1929), and was used very similarly. To more accurately control
the gas flows through the different desiccators, a flow meter was used in
each line. By means of screw clamps the rates of flow could be easily
controlled. The flow was usually in the range of 2 to 5 liters of gas per
hour, depending on the intensity of the respiration of the material used.
The gas flow was kept as constant as possible when a series of experiments
were to be compared.

A modification of Paladin's mercury regulator, as described by Kostychev,
(1927), was used in the suction line to give a constant vacuum about 6 cm.
of mercury under atmospheric pressurs. Otherwise, a constant vacuum would
have been impossible with the water aspirator because of fluctuating water
pressure.

A water-filled U-tube was connected to the nitrogen line to release
any pressure that might arise if the tank valve was opened too widely.
Sufficient pressure, about 1 inch of water, was maintained on the nitrogen
line to force the gas through the soda-lime tube. The flow from the pyrogallol
bottle onward was due to suction.

The carbon dioxide was collected by passing the gas streams through
Reiset towers, described by Gore (1911}, filled with a solution of sodium
hydroxide. Usually, the gas flows were stopped each day and the absorbing
solutions renewed. Normal, or half normal sodium hydroxide was generally
used, renewed each day, but with some plants, more concentrated solutions
were used, or renewal made more frequently because of the large amounts of
carbon dioxide produced.

About half an hour was necessary to replace the solutions. Appleman
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(unpublished data) hes found that stopping the gas flow for as much as an
hour has no noticéable effect on the rate of respiration. If necessary,
the copper oxide in the incoming nitrogen line was reduced at this same
time, thereby preventing a second interruption of the gas flow,.

The carbon dioxide was determined by & doublé titration using Kisters
modification of Gore's (1911) method. An excess of s0lid barium chloride
was added to the used alkali solutiogs which precipitated the carbon dioxide
as barium carbonsate. Normal hydrochloric acid was added until the solution
was colorless, using phenolphthalein as an indicator. The solution was
thoroughly stirred while adding the acid to prevent loss of carbon dioxide
due to locel concentrations of the acid in the solution. Methyl orange was
added after the first end point had been reached and the titration continued
until a bright pink color was reached. The amount of acid added between
the first and second end points is considered equivalent to the carbon
dioxide in the solution. One cubic centimeter of normal hydrochloric acid
is equivalent to 0.022 gm. of carbon dioxide. Blank titrations were run on
each set of stock solutions and correction made for the amount of carbonate
present due to impurities in chemicals and contact with air. It is realized
that the end points used are empirical, but according to Gore the reasults

are closely accurate and are certainly reliable when used comparatively.

A refrigerator cooled by a Kelvinator unit was used to keep respiration v

chembers at a low temperature for certain experiments. The gag flows were
controlled the same as in the warm chambers. The temperature fluctuated
more widely in the cold chambers than in the warm ones. The warm chamber
was nearly alweys within 0,20 C. of the set temperature; the cold chamber
usually fluctuated over a range of 1.5° C. during a week, with even greater
differences on week-ends when the laboratory was not heated.

Samples were run for a prelininary period, at the end of which the



=1 0=

the period varied with the material used. Material with thick tissues,

eg. potato tubers, contain considerable carbon dioxide dissclved in the

cell sap (Richards, 1896). The preliminary period allows this to escape.
The air surrounding the anserobic samples had to be replaced by nitrogen,

and the oxygen dissolved in the plant sap allowed to diffuse out before true
snaerobic conditions actually obtained within the tissue. Materisl from
cold storage required several hours to reach a higher temperature. The
preliminary period was kept very nearly constant in any series of experiments

1o be compared with each other.

Chemical Methods

SAMPLING :=— Material for sugar and moisture determinations was ground on &

Nixtamal mill, After mizing the ground tissue thoroughly, sugar samples
were weighed directly into counterpoised Xohhrausch filasks of 200 ml.
capacity. Samples of potato tissue weighed 50 grams; of parsnip, carrot,
and onion tissue, 25 grams; and of sweet corn, 16 grams. The action of
enzymes was stopped immediately by the addition of 75 ml, of boiling 95 per
cent alcohol to give a final condentration of 80 per cent after dilution
by water present in the tissue.

MOISTURE:-— Samples for molsture determinstion were placed in tared waich-

glasses with ground glass covefs. These were weighed as soon as possible,
The tissue was dried at 80° C. in a vacuum oven at & pressure about equal
to 5 cms, of mercury until the weight was spproximately constant. This
usueally required about 48 hours.

SUGAR DETERMINATION:-- The sugear samples were extracted by boiling 30 minutes

on a steam bath in 50 - 60 per cent alcohol. After cooling, the samples
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were made to volume with 95 per cent alcohol, and stored until analysed.

The extracted samples were filtered, uwsing No. 1 Whatman paper. An
aliquot of each filtrate, usually 150 or 125 ml. was evaporated almost to
dryness on the steam bath to remove the slcohol. The residue was taken
up in distilled water and the proteins and certain other orgenic materials
were precipitated by the addition of saturated neutral lead acetate solution.
The amount of lead acetate solution added varied with the material present,
but was usually one to three milliliters. The excess lead was precipitated
by the addition of an equal volume of 12 per cent sodium carbonate solution.
After making to volume, both precipitates were removed by a single
filtration through No. 1 Whatmen paper. An aliquot of the filtrate, usually
50 ml. was used for reduction by the standard method of Munson and Walker
{1906). The reducing sugérs are reported as percentage of dextrose,

For the determination of total sugars, 5 ml. of concentrated hydrochloric
gcid were added to 50 ml. aliquots of the extract. After 24 hours for
hydrolysis of sucrose to occur, the solution was made to volume, a portion
neutralized with anhydrous sodium carbonate, and an aliguot used for &
Munson-Walker reduction. The total sugars are expressed as percentage of
invert sugar.

DETERMINATION OF POLYSACCHARIDES:-- Samples for the determination of starches
end dextrins (soluble polysaccharides) were stored in aold alcohol, enough
95 per cent alcohol being used to give a final concentration of about

80 per cent. The material was dehydrated by the addition to each sample

of three portions of 95 per cent alcohol at 24 hour intervals, decanting
gach time through a Buehner fumnmel fitted with No. 50 Whatman filter paper.
After the last treatment with alcohol, all the material was transferred %o

the Buchner funnel, and washed with two portions of ether.
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The dehydrated sample was then ground until all the material passed a
60 megh sieve. Somewhat more than half the ground seample was weighed out
for determination of dextrins, or soluble polysaccharides, The remainder
wag agein ground until it néa:ly all would pass a 100 mesh sieve, then used
for determination of starches plus dextrins., - The starch content was
determined by difference.

The soluble polysaccharides were removed by adding 300 ml. of water to
each ground sample, and shaking constantly for one hour. The sample was then
filtered through "Falten-filter® made by Carl, Schleicher, and Shull. To
s 200 ml, aliquotlof the filtrate, were added 12.5 ml. of concentrated hydro-
chloric acid (sp. gr. 1.18) and the mixture hydrolyzed 2.5 hours under &
reflux condenser. After cooling, the sample was made to 500 ml. volume,
mixing thoroughly. A portion of the solution was neutralized with anhydrous
sodium carbonate, and a& 50 ml. aliqﬁot used for & standard Munson-walker
reduction., The dextrose value is multiplied by 0.9 to give & value for
polysaccharides.

| The samples for determination of total starches were each mixed with
150 ml. of water, and boiled 15 minutes, with stirring to gelatinize the
starch. After cooling to 45° C., ten milliliters of filtered saliva
previously diluted 1 : 10, were added %o each sample. After digesting an
hour at 45° C. the solutions were again brought to a boil, cooled, and saliva
added as before. Vhen the iodine test showed that the starch was completely
digested, the solutions were made to volume in 250 ml. flasks, and then
filtered. A 200 ml. aliguot of the filtrate was hydrolyzed with hydrochloric
acid, the procedure from this stage being the same as described for dextrin

analysis. The dextrose value is also multiplied by the factor 0.9 to give

the starch value.
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EXPERIMENTAL RESULTS

Potatoes (Seolanum tuberosum L.)

Description of material

The experiments will be presented according to treatment and method used.
In some cases, repetition was made in subsequent years with different material,
so a general description of the material used will eliminate future repetition.

Some preliminary experiments were carried out on tubers purchased from
a local farmer, November 2, 1931. He described them as the Green Mountain
variety, but examination of the tubers indicated a mixture of varieties,
or wide variance in tubers.

Tubers of the Russet Burbank variety were used for several experiments.
These were purchased as needed from the local grocery. Different purchases
were probably quite variable, but it is presumed that samples selected from
a single purchase were quite uniforme.

Marylend Certified Irish Cobbler seed potatoes were used during the
winter of 1932-33. These were grown from certified seed produced in South
Dakota and planted July 27, 1932. The grower was Mr. W. T. Pilchard, near
Pocomoke, Md. The tubers were dug November 15, 1932, the tops having died
naturally before digging. The tubers were delivered to the laboratory
November 17, 1232, and stored until further treatment in wooden crates,
protected from the light by a shade of black sateen cloth. For the cultural
informatian concerning these tubers, =znd their delivery, the writer is
indebted to Dr. Jehle of the Extension Service of the University of Maryland.

Maryland Certified McCormick potatoes were secured for experiments
during the winter of 1933-34. These were grown near College Park as a

4-H project by the son of Dr. R. A. Jehle, and rogued by the latter during
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the growing season. The tubers were from late planted seed, and were dug
about the fourth of November. The tubers were stored in the basement of
Dr. Jehle's residence until November 17, 1933 when they were delivered to
the idboratory. All the tubers were washed, and repidly dried on November 17.
The sesmples were sorted out and stored November 20 and 21, 1934.

Later references will be made to a veriety by name only, without

repetition of the above description.
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Ethyl bromide treatment

Morkowin (1903) found that the I/N value was not changed by stimulants.

Appleman (1915) has proved that treatment with ethyl bromide causes an increase
in the catalase content and respiratory activity of potatoes. "The treat-
ment with ethyl bromide was carried out, therefore, to obtain additional

information concerning the effect of stimulants on respiration.

Experiment l?- The first series in this experiment was composed of.four
samples of Russet Burbank tubers bought locally June 15, 1932, The samples
consisted of five tubers each and weighed from 841 to 880 grams. Two semples
were untreated; the other two were piaced in & desiccator of twelve liters
capacity. ¥Five milliliters of ethyl bromide were allowed to evaporate

from a wad of cotton after placing the cover on the desiccator. The tubers
were exposed to the gas one hour. All samples were then placed in the
respiration chambers and twice subjected to full aspirator vacuum with slow
release each time. The gas flows were steady for an additional 1.5 hours
befbre beginning the record. The total preliminary period was about four hours.

The dataare given in table 1,

Table 1. Respiration of Russet Burbank potatoes at 30°C. after treatment
wlth ethyl bromide. Begun June 22, 1932.

: Carbon dioxide liberated per hour per kilo H
Resgii?:éon controls : exposed 1 hr. to CHBr R
¢ aerobic : anaerobic 3 I/N : aerobic : anaerobic I/N s

: ne. : ng. 3 H mg. 2 ng : :

1st. day : 12.4 : 10.5 : 85 : 32.0 : 11.8 : 37 :
2nd., day : 12.1 : 6e2 : » 5l : 2646 : 748 : 29 :
3rd. day 13.0 645 50 18.7 947 52
sthe day S 18.4 1 7.5 W86 % 16.9 . 1l.4 1 .68 .
Bthe day 15.6 9.2 59 16.9 12.6 .75
6th. day 15.6 '10.2 66 16.4 13.6 .83
7th, day 17.8 10.4 58 18.0 13.8 77
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Experiment 2.-- A second series on the effect of ethyl browide treatment
was run, using Irish Cobbler potatoes. The samples consisted of eight
tubers each, and weighed from 954 to 981 grams. The treatment with ethyl
bromide lasted one hour, but no vacuum was appliea. The preliminary

period extended for 17 hours. Samples were run at 220 C. and at 3y° C.

No untreated controls were tested; compare with unstored tubers in
table 27 which gives respiration of similar tubers just previous to this

test.

Table 2. Respiration of Irish Cobbler potatoes after treatment with ethyl

bromide. Begun December 6, 1932, .

3 Carbon_dioxide libera&ted per hour per Kilo :
Respiration : at 22+.,29 G : at 3+ 1,00 C :
period * aerobic * anaerobic ¢ I/N § aerobic : anaerobic 3 I/N 3
s ng. s mg . : : nge 3 Mg « : :

1to da.y : 15.9 3 707 3 .49 H 2.6 H 203 H 090 $
: : : $ : s ]

2ndo d&y H 12.1 : 503 H 044‘ H 2.9 : 203 H 077 3
s : : : 3 : ]

3rd. day 11.4 : 5.2 .45 : 3.3 : 1.7 : 52 3
s : t : : s :

4th. day H 10.9 s Se4 t .49 3.3 = l.4 3 o422 s
Stho d.ay - 902 H 5.3 H 058 S 2.8 H 1.0 : 035 H
6th,. day : Ted H 53 s W71 s 3.1 s 8 s «26 H

This experiment shows that treatment with ethyl bromide gas stimulates
the aerobic respiration of potato tubers more than it does the anaerobic.
Witk the Russet Burbank potatoes, the high initial anaerobic respiration
is apparent largely because the preliminary period was not long enough to
allow complete displacement of all oxygen, and consequently, the values
for the first day do not indicate true anaerobic respiration. There is no
explanation énown for the gradual increase in the respiration rates at the
end of the experiment.

The anaerobic raspiration of Irish Cobblers was very little stimulated
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Sstorage in an air-tight container

Richards (1896) has reported the presence of large amounts of carbon
dioxide presené in the Jjuice of potatoes and carrots, which was rapidly
given off when the materials were heated. This experiment was designed
to determine the effect of storage in a closed container, and the
attendent increase in carbon dioxide content, on subsequent respiration.

The tubers used were of the Green Mountain variety. Four samples of
ten tubers each were used, weighing from 1203 to 1244 grams eache. Two
lots were placed in a closed glass jar, the other two in test tube baskets.
All four lots were stored one week in & refrigerator, the temperature of
which dropped gradually from 40° to 360 F, at the end of the experiment.

The results are given in table 3.

Table 3. Respiration at 22 £ .5° C of Green Mountain potato tubers after

storage, at 40 to 36° F. Begun November 10, 1931,

s Carbon dioxide liberated per hour per Kilo :
ResPir?tion $After storage in air-tight t After storage in air :
period 3 vessel : :

(3

:Sample 1 : Sample 2 ¢ Average ¢ Sample 1 : Sample 2 : Average

s mg. : mg. : mng. 3 mg. : mg. : mg. 3
1st day 28,7 . 26,5 , 27.6 : 18.3 : 17.9 18.1 s
2nd day 19.5 18.5 : 19.0 16.5 15.6 ;1641
3rd day : 13.9 : 14.4 14,2 : 14.5 14.4 : 14.4 :
4th day : 12.8 : 12.3 12.5 :  14.1 ¢ 13.1 : 13.6
5th day 11.5 10.1 10.8 12.4  : 10.7 11.6

The results of this test indicate that storage in a closed container
results in an increase in subsequent respiration. The effect is of brief
duration, about two days, and may be largely due to the rapid release of

carbon dioxide dissolved in the cell sap. The respiration shows some stimulus
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[}
due to the cold storage. This is one of the few experiments in which the
variebility of samples may be studied, and it is easily seern that agreement

between samples is quite close in most instances.

Effect of storage in nitrogen

Irish Cobbler tubers were used for this experiment. The first series
was run after seven days storsge at 40 -~ 430 ®,, the second series after
2l deys storage at the same temperature. The samples contained eight tubers
each and weighed from 807 to 832 grams. All were selected from an unwashed
lot of tubers after 54 days in room storage at about 659 F., (18° C.) aversage
temperature. The control samples were stored in test tube baskets ; the
samples which were stored in nitrogen were placed in glass jars, two samples
in each, fitted with paraffined cork sitoppers and sealed with melted paraffin.
The stoppers were esch fitted with two glass tubes closed with short lengths
of rubber tubing and pinch clamps. One of the inlet tubes had & rubber tube
attached to the inmner end which extended to the bottom of the jar. After
sealing a jar, the alir was displaced by hydrogen, adding it at the top of
the jar. The hydrogen was then displaced by adding nitrogen at the bottom
of the jar. The nitrogen flow:was continued for a few hours to wash out any
gdditional air present. The clamps were then tightened to seal the jars,
and the Jjars plzced in storsge. The jars contained as many tubers as
possible. The only gas space was E;tween tubers.

The preliminary periods werq;;bout 19 hours duration. The chambers -
were at 220 C., The samples were transferred from storage Jjars to respiration
chambers as quickly as possible but contact with the air was unsavoidable.

The results are given in tebles 4 and 5.
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Table 4., Respiration of Irish Cobbler po*eto tubers after seven days
storege at 40 - 420 ¥, Begun Janumary 17, 1933.

Respiration Carbon dioxide liberated per hour per kilo. :
period : After storage in eair : After storage in Nitrogen :

: serobic : aneerobic : I/N : serobic : anaerobic : 1/w :

H mg. H me o H : mge H M o H :

lS‘b. d.ay H 8.0 H 706 H .95 H 9.2 H 7.8 . -84 H
end. da.y : 7.0 H 7.5 :1.07 : 7.6 H el . « 84 :
3rd. d&y : 6.6 H 5.9 : .89 : 6el H 5.3 : «86 H
4th. day : 6.8 : 4,6 2 .68 2 5.9 4.8 : .81 3
5th. day : 5.9 : 4,9 : .83 ¢ 6.1 @ 4.1 : +68 H
6th. d.a;\r : 5.8 H 4,5 T W77 ¢ 4.5 : 4.3 : ¢35 :

Tgble 5. Respiration of Irish Cobbler potato tubers after 21 days storage
at 40 - 430 ¥, Begun January 30, 1933,

: Carbon dioxide liberated per hour per kilo. z

Resgiiiz;on H After storage in eir s After storage in Nitrogen :
: aerobic : anserobic : I/N : aerobic : angerobic : I/N :

: mnee : mg. H : mg. : mg. : H

ist. dayr H 8.2 s 7e2 : 88 3 14.0 s 11.5 s .82 .3
End.o day : 709 H 7.2 : 091 H 10.9 H 8.6 : « 79 H
3rd. day : 9.2 H 6e2 t 67 ¢ 1ll.l : 6.2 LS 15} :
4th. day : 9.3 : 4,8 : 51 ¢ 10.5 : 4,8 T 46 s
5th. day : 8.4 : 4.2 t <50 3 9.5 H 4.7 T .49 :
Sth. day' H Bob : 4,3 : 1513 9.2 H 4.7 H 051 H

Discussion

Storage in an atmosphere of nitrogen seems to stimmlate the aerobic

regpiration slightly more than the aneerobic phase. The effect only lests

or three deys and is probably due to the ranid oxidation of intermediste
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respiratory products formed during storage in nitrogen. The velue for the
first day's aneserobic run of the sample stored in nitrogen is rether high
end may be due to liberation of dissolved csrbon dioxide which had

accumulated in the plant sap during the storage period.
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Vacuum treatment

This experiment was carried out to find whether the rise in respiration
after cold storsge is due to & stimulating effect, or to the outward diffusion
of carbon dioxide dissolved in the cold cell sep of the tubers.

Experiment l.-- Four samples of Irish Cobbler tubers were used, each consisting

of eight tubers and weighing spproximately 1000 grams. These were selected
from the general lot after 47 days storasge at room temperature. Two samples
were stored continuously in a refrigerator at sbout 2.20C. (360 F.); the
other two semples were stored 3 weeks in the refrigerator, then two weeks

at room temperature. All samples were in wire baskets.

At the beginning of the respiration test, all samples were plaeced in
the respiration chambers for four hours to allow the cold tubers to warm.
One sample from each treatment was then subjected to full aspirator vscuum.
One desiccator soon imploded resulting in a sudden release of the vacuum.
It was replaced and the vacuum held at about one-third atmospheric pressure
for an hour. The initial vacvum was not measured, but the aspirator was
capable of reducing the pressure below 2 inches of mercury. After slow
release of the vacuum, the gas flows were continued steadily until the end
of the 17 hour preliminary period. The respiration test was begun

Tebruary 6, 1933. See table 6.
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Teble 6. Respiration at 220 C. of Irish Cobbler potatoes, after different

storage treatments, with and without evacuation.
: Cerbon dioxide liberated per hour per kilo

Resziiiglon Tubers stored 5 weeks at 2.20 G;Tubers stored 3 weeks at 2. 20 C ;
P and 2 weeks at room temperature

sevacuated : no ino vacuum : evacuated : no : no vacuum 3

H : vacuum evacusted s : vacuum : evacuated :

: me. : : : Mg : ng. : mg. 3 :

1st day H 17,7 : 2245 3 1.27 : 646 H 6.5 «98 H

2 H : 3 H 3 H

2nd day : 20.8 ] 2249 3 1,10 6.8 s 666 3 97 H

H : H 3 s t H

3rd day H 18.0 : 19.2 : 1.07 ¢ 645 s 6.4 3 «99 :

: H : : 3 s H

4th day : 14,3 : 15.3 @ 1,07 H 662 : 6.2 3 1.00 :

: 3 H H $ 3 H

5th day : 12.4 : 12.7 3 1.02 : 6.l : 6.2 : 1l.02 :

H H : : : H s

6%c day : 10.3 : 9.9 97 : 5.8 : 6.1 : 1.06 :

: : : : H 3 s

7th day s 8.7 : 8.4 3 097 : 5.6 : 5.9 3 1l.05 :

Experiment 2.--Similar results were gained from an experiment run on Green
Mountalin tubers after 59 days cold storage. Each lot consisted of nine

tubers, and weighed 1000 to 1008 grams each. After storage one lot was subjected
to aspirator vacuum three times, 30 minutes each, with an hour of steady flow
after lest evacuation. The respiration was all aerobic, at 22° ¢, The

results are given in table 7. Hespiration tests began January 1, 1932.

Table 7. Respiration at 22° C. of Green Mountain potatoes after 59 days

cold storage.

Carbon dioxide liverated per hour per kilo of tubers

Respiration :

period : No vaouum : Vacuum : No vacuum

: : : vacuum 3

: mge : mge : :

: : : :

l1st. day H 13.7 . 10.0 3 1.37 :
2nd. day : 19.8 : 15.5 : 1.28 :
Zrd. day : 177 s 1646 : 1,07 :
4%h, day : 18.6 : 17.1 : 1.09 :
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The results of these tests indicate that the increase in the respiration
of potatoes subsequent to & period of cold storage is due to a stimulating
effect and not merely to the rapid loss of carbon dioxide from solution.

This supports the conclusion of Kimbrough (1925) who found the respiratory
quotient to remain about wnity during the period of increased respiration.

The experiment shows that the stimulus due to cold storage disappears
quicklys the tubers had & nearly constant respiration after two weeks in air
subsequent to cold storage. If the vacuum treatment had any injurious effect,
it was not evidenced by a significant rise in the respiration rate of the

evacuated tubers stored at room temperature just preceding the experiment.



Wounding

There is much conflicting data on the effect of wounding on the respiration
of potato tubers. Bohm (1887) found that wounding, or peeling, resulted in
an increase in both the aerobic and anaerobic phases of respiration. Cold-
sweetened tubers had a higher anaerobic respiration than unsweetened ones.
Stich (1891) decided that the wounding of potatoes caused some stimulus in
itself, bﬁj that most of the increased respiration was due to an increase
in surface for oxygen absorption. The anaserobic respiration of wounded tubers
was about the same as the aerobic respiration of normal tubers. Stich failed
to regard this as an increase in asnaerobic respiration, althouzh the normal
eneerobic respiration of potatoes is not equal to the aserobic. Richards
(1896) found that respiration after wounding depended on the smount of tissue
involved and the extent of wounding. He found that much carbon dioxide was
stored in bulky tissue and released quickly after wounding. Johnstone (1925)
concluded that most of the stimulus from wounding was due to the facilitation
of gas exchange. Hopkins (1927) found an increase in the sugar content of
tissue adjacent to wounds, and believed that a correlation existed between
the sugear content and aerobic respiration. ILutman (1926) found that the
anaerobic respiration of potatoes did not respond to wound stimulus.

Experiments on the effect of wounding were run on both Irish Tobbler and
Russet Burbank varieties, both before and after cold storage.

The tubers were wounded by hacking with a light-weight, sharp butcher
xnife. The cuts were about one-eighth inch deep, and spaced a similar
distance approximately. The cuts were made in two directions, so that they
crossed each other at right angles, or nearly so. The wounded surface was

approximately four times the area of the original surface of the tuber. The



tubers lost very little weight during the process, and almost never was a

pilece cut entirely free from the tuber.

Experiment l,--
The respiration samples were small, consisting of 3 tubers each.

The first tests were on tubers purchased February 1ll.

Russet Burbank potatoes were used in a number of tests.

One series was

run immediately, the other after 1l days storage at room temperature. The

preliminary period was of about 2.5 hours duration.

The results are given

in tabhle 8.
Table 8. Respiration of wounded Russet Burbank potatoes at 22° C,
Purchased February 11, 1932,
. H Carbon dioxide libverated per hour per kilo s
Resgpiration
period : February 12-16, 1932 H February 22-27, 1932 3
¢ aerobic : anaerobic : I/N : aerobic : anaerobic : I/N 3
B mZe : mnge : H mg. : mge s :
1st day : 70.2 : 35.6 ¢ o5l 3 39.7 : 25463 : .64 H
2nd day s 72.5 3 28,6 3 40 ¢ 47.8 : 17.0 : 35 :
H : H H : , : :
3rd dey : 60,1 s 22.8 t  «38 31 42,9 : 14,4 $ 33 :
4th day : 5l.6 H 20,5 : 40 3 35,1 : 10.7 : W31
5th day : : : t 3B.2 ¢ 8.1 t 23 3

Bxperiment 2,-~ Russet Burbank tubers were used in this experiment to

determine the effect of wounding on tubers after a long period of cold

storage.

The tubers were all stored at 2.20 ¢, (36° F.) from December 16,

1931 until date of test.

periods were 3 hours time.

of the series run March 9-12, are shown graphically in figure 1.

The respiration was at 22° ¢,

Date are given in tables 9 and 10.

The preliminary

The results
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Table 9. Respiration of wounded Russet Burbank vpotatoes at 22° C., after

storage at 2.29 C.

. . s Carbon dioxide liberated per hour per kilo. :
Respiration

period_ H March 2"4, 1932 H March 9"‘12, 1932 :

: aerobic : anaerobic : ;/N : serobic : anserobic : I/N t

T mg. 3 mg. : T mge : mnge H :

1st day : 119.0 "B5l.0 : 43 : 123,7 : 44,4 : 36 H

2nd, day : 158.4 2 35.0 3 .22 3 151.8 3348 : 22 H
3rd, day : : 123.9 35.1 @ «28

Table 10. Respiration of wounded Russet Burbank potatoes after storage at 2£.20 C.

Values are averages of duplicates.

. : Carbon dioxide liberated per hour per kilo :
Respiration - -

period : April 2-4, 1932 : April 7-10, 1932 :

:+ aerobic : anaerobic : I/N : aerobic : anmerobic : I/N :

H mg. H mg. : : mg. H mg. : 3

1st. day : 119.5 3444 t «R9 3 124.5 2645 t W21 :
211(1- d.a;y' b4 159.8 : 29.7 . 519 H 172.6 : 26.5 H 015 :
drd. day : : : : 123.1 24,6 s «20 :

Experiment 3.-- The respiration samples of Irish Cobbler tubers consisted

of eight tubers each, weighing about 900 grams. The respiration was at
22° C. The preliminary periods were of 17 to 18 hours duration. The storege
period at 2.20 C, begun after 47 days storage at room temperature. The

results are presented in table 1l.



Table 11l. Respiration of wounded and unwounded Irish Cobbler potato tubers

at_22° C,
Storage tRespira-: Carbon dioxide liberated per hour per kilo
eriod:temps tion Unwounded tubers . jounded tubers
e P period saerobic : anmerobic s I/N = aerobic i anaerobic : I/N
.dayssrooms i mg. : ng. : P mg. : mg .
47 stempilst.day & 5.1 : 643 :11.23 ¢ 72.2 ¢ 14.0 :.19
: 3 : : : : : :
H :an.da}: 4 5.5 H 309 H 072 H 58.6 H 16.6* :028*
: : T 3 H T -z 7
56 :2.%13t day H 28.7 H 12.6 H 044‘ . 14403 H 25.9 :.18"
:  :2nd day 3 29,5 s 12,1  : .41 : 109.3  :  38.7%  :.35%

* Indicates error due to growth of microorganisms.

Discussion

The most reliable control data for comparison of the I/N values of
the Russet Burbank tubers are given in table 15. The tests were not made
at the same time but a comparison of the I/N values is logical, and the
wounded tubers have much lower I/N values. This indicates that wounding
atimulates the merobic respiration more than it does the anaerobic.

The experiment with the Irish Cobbler tubers bears out this conclusion.
The latter tubers were not washed before wounding and the growth of
micro-organisms became noticeable the second day.

The wounded surfaces formed a new periderm in a week or less in air,
but there was no trace of new periderm in the anaerobic samples. This
confirms previous work. The great increase in aerobic respiration is
partially due, perhaps, to the acceleration of metabolic activity in
forming a new periderm.

The less pronounced increase in the anaerobic respiration may be due

mainly to the increased surface for outward diffusion of gases.
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Moist and dry storage

McCormick potatoes were used in this experiment. Two series were
used, one stored 62 days, the other 90 days. Samples were of 8 tubers
each, and weighed about 900 grams. Control samples were stored in wire
test tube baskets protected from ligﬁt by a screen of black cloth. The
oxperimental samples were placed on moist sawdust in large flower pots,
and covered with about 1.5 inches of the same. Water was added occasionally
to keep the sawdust moist. The tubers were beginning to sprout in moist
storage when the first series was run, January 22-28, 1934; when the second
series was fun, February 19-25, the tubers in the azir stored samples had
sprouts about 5 inch long, and those of the samples stored in sawdust were
from 1 to 3 inches long. The sprouts were not removed before the respiration
test. The respiration was at 22 £.50 C.; the preliminary period lasted

about 6 hours., The results are presented in tables 12 and 13.

Table 12. Respiration at 22+ .59 C. of McCormick potatoes after storage

in air, and in moist sawdust at room temperature for 62 davs. s
Garbon dloxide llberated per hour per kilo

Respiration ¢ After storgge in air After storage in m01s§ sawdusjz
: I/N

period aerobic : anaerobic @ I/ﬁ ¢ aerobic : mnasrobic @

;. mg.e s mg. s $ mg. 3 mg. : ]

: : : s : : s

1st. day H 4.6 3 508 2126 = 801 3 8.0 H 099 :

2nd. day H 5.2 : 5.4 1,03 = Teb : 5.8 : o717 3

H H 3 : $ H :

3rd. day H 4,4 H 55 $1.24 ¢ 6.1 : 5.5 : +90 :

: : s 3 : : s

4th. day H 4.9 : 7.5 t1.55 6.7 : 6.5 : .97 :
< : H 3 : :

s t aerobic ¢ : : aerobic :

H : : : : : :

5th. day 1 4.8 H 18.7 $ ~= 3 6.1 H 21.4 H -—— :
: : : : : 3

6th. day t 4.9 s 37.7 $ == 3 6el H 34.5 3 ——— :




Table 13. Respiration at 22.#.5° Ce of McCormick potatoes after storage

in air, and in moist sawdust at room temperature for 90 days.

¢ Carbon dioxide liberated per hour per kilo :
Res?lr?t;°“9 ¢t After storage in air : After storage in moist sawdust:
perio.

t aerobic 3 anaerobic 3 I/N & aerobic : anaerobic : 1/N 3
:  mg. : mg . s t  mg. t ng. 3 s
s : : s s : :
1st. day t 5.6 : 6.7 $ 1.20 ¢ 9,1 : 8.8 $ .96 3
H 3 : H : : :
2nd. da.y H 5.7 H 5.4 H «93 8.9 : 6.8 : «76 H
: s s 3 s : :
3I‘d. da.y : 5.7 H 6.3 H 1011 : 8.5 H 5.3 H .63 :
23 s : s : s :
4th. day 8 5.4 : 66 t l.21 = 8.0 : 5.6 2 W70 HE
: ! aerobic * ¢ * aerobic ? :
5th. day 5.2 P19.4 Peem P 7,8 P21l R :
s : : s s :

6the. day 3 5,3 : 38.3 $: --- 131 8,0 $ 40,0 P -

The results of this experiment show clearly that the aerobic respiration
of potatoes is greater after storage in moist sawdust. Analyses, table 25,
showed that the tubers stored in the moist sawdust contained more moisture
and more sugars than those stored in the air. The anaerobic respiration
showed very little stimulation as a result of moist storage; as a result

the I/N values are consistently lower for the lots after moist storage.
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Respiration subsequent to cold storage

The experiments herein reported were designed to extend previous
observations on the respiration of potatoes. Kimbrough (1925) has made
a thorough study of the respiratory response of potatoes to periods of
cold storage and found a pronounced initial rise in the réspiration rate
when tubers were removed from a cold to a warm temperature. Bohm (1887),
and Appleman (1915) have observed the seme effect. Béhm reported that the
anaerobic respiration was also increased after exposure to cold. Miller-
Thurgau (1882), Appleman (1912), and Hopkins (1924) have found that the
sugar content of potatoes increases greatly dﬁring cold storage. A
temperature of 20 C. (360 F.) or less is necessary to cause large increases
in the sugar countent, or a pronounced increase in the respiratory ratse.
Barker (1933) stored tubers at temperatures of = 1° G, and 1° C. and
found that, after a brief initial rise, the respiration rate was below
normal and he presents as explanation the hypothesis that a depressant
is formed, or initiated, at low temperatures which later affects the
respiration. His data are different from those of the other workers

mentioned.

Experiment l.-- The preliminary tests were made with Green Mountain tubers.
The samples consisted of ten tubers each, and weighed from 1097 to 1164.5
grams when stored. The respiration was at 229 C. The record was begun
after preliminary periods of about 4 hours.

The cold storage temperature was between 36° F. and 41° F. (2.2-5.0° C.)
the average being much nearer the minimum. Three tests were run after

different periods of storage. The records are presented in table 1l4.
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Table 14. Respiration at 22° C. of Green Mountain potatoes after cold storage.

3, .- .
Storage - Respiration : Carbo; d10x1dek%;berated
. period : per hour per kilo
Period : Temp. 3 $ aerobic ¢ anasrobic : I/N
days 3 : : mge s mg . :
4 H 1st, da.y : 18,3 H 15.3 : «83
: : : : :
: s 2nd. day : 22.8 : 13.7 s «60
H 2 : : :
H : 3rde day : 21.9 : 12.2 .1 96
. =22-405°C= H : H
21 : H 4th. da H 20.2 H 11.4 : 057
36-400%] T : ,
H H 5tho day . M 18-0 H 1106 4 .64
: D : : :
H ) 6th. day H 15.6 H 1408 H «96
: : _ Tth. day : 15,3 16.0 : 1.05
: ] lst, day H 16.4 : 14.1 : .86
: H : : :
¢ : 2nd. day : 23.9 H 13.2 i #5955
: : 3rd. day 3 28.8 : 14.9 t W52
31 12:2-4,5°C 3 : : :
H : 4th, day : 238 : 12.1 : W51
:(36=-409F); : : :
3 : 5th. day £ 21.7 : 11.4 :  +02
: ] H : :
: : 6th. day : 20.0 3 11.0 . «55
: . Tth. day : 17.8 - 10,7 . .60
: : lst. day : 19,7 : 15.1 t .76
e H s 4 :
: H 2nd. day H 23.17 H 12.2 : 51
32.2-5.0°C; : s :
42 :G5-416Ei 3rd, day i 20.4 i 13.7 : 67
s : 4th, day : 19.4 : 13.8 : LTl
: : s : s
H : Sth. day : 18.5 : 13.2 : W71
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Experiment 2.-- Russet Burbank potatoes purchased December 15, 1931 were

used in this experiment. The storage temperature was more constant than
in Experiment 1, and averaged a little lower. The semples contained eight tubers

each and weighed about 1100 grams. The respiration wes at 22° C. The

preliminary period was 2 hours for the samples stored 25 days, and about
4 hours for the samples stored 35 days. The results of both series are

given in table 15.

Table 15. Respiration at 229 C. of Russet Burbank potatoes after cold storage.

Storage : Resvirati f Carbon dioxide liberated
¥ Resplratiom = per hour per kilo
s period 3
Period ¢ Temp. @ ;s aerobic & anaerobic : I/N
Days ¢ s : mg. : mg. s
2 3 s 3 :
: H lstn daY : 2502 : 16.6 H +«66
: : 2nd. day : 33.6 H 12.6 : W37
f 2.20 c. .‘: Brd. day : 35.8 f 12.2 f 034
25 - . - © -
H B 4 . 4 9.9 H 1 . H 034'
t (30 F) th. day : 2 ; 0.2 .
3 : 5th, day : 23.8 s Be6 :  «36
" . 6th. day 1747 : 7.6 . .43
P H 7tho day s lzbz 3 7.3 1 «60
: . : : :
: lst. day :  21.2 : 14.5 : .68
: : : : s
: ¢ 2nd. dey s 26,7 : 12.3 t W46
: s s : :
: ¢t 3rd. day H 24..5 H 11.6 T .47
$2.2-2.89 C,: : s :
35 ] ¢ 4th. day : 21,6 H 11.9 2 .55
:{36-379 F.) : 3 : :
: ¢ 5th. day : 15,9 H 11.3 : W71
t 3 t s s
s ¢ 6th. day s 11.6 s 10.1 t .87
: H H H :
: : Tth. day : 9.2 : 9.3 : 1.01
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Experiment_3.-- The experiment on the effect of cold storage was repeated

with Irish Cobbler tubers. These samples were selected from the general
lot after 47 days‘storage in the laboreatory at @ mean temperature of about
65° F. The samples weighed about 1000 grams each and consisted of eight
tubers. Storage at 36° F., was begun January 2, 1933; the respiration test
was begun January 233 the preliminary period lasted 18.5 hours. The

results are given in table 16.

Teble 16, Respiration of Irish Cobbler potato tubers at high and low

temperatures after 21 days storage at 360 F. (2.20 C.)
Carbon dioxide liberated per hour per kilo

Respiration

; : at 224,20 C, s____8t 2.5250C.
period H T " - -
,aerobic : anaerobic ¢ I/N & _merobic : angerobic : I/N
s mg. H mg. H : mge @ mge. :
: ] : : H
1st day 3 12.6 ¢ 13.5 3 1L.07 3.9 3.1 t .81
H : : : : :
2nd. day ] 11.8 = 10.9 $ W93 3.7 3.0 t .81
] H : H H H
3rd. day : 10.7 = 8.8 : 482 : 3.4 @ 2.4 $ W71
: H H : : :
4th. day 3 12.6 3 8.6 T 68 = 3.3 246 2 W79
stho day : 10.1 H 9.1* : .90‘; 2.9 H 107 H 059
H H H H : :
6th. day H 9.1 3 9.9% 3 1,09 s 2.4 3 1.4 1 56

% Rise due to unknown cmuse; breakdown of tissue not evident.

Experiment 4.~- Two series were run in this experiment, one after 21 days
storage at 36-38° F,, the other after 56 days storage. The tubers used

were of the Irish Cobbler variety and had been stored at room temperature

47 days before beginning the storage at low temperature. The samples
consisted of eight tubers each and weighed about 1000 grams. The respiration
chambers were at 22° C. The preliminary period lasted about 18 hours. The

results are presented in table 17, and also in graph, figure 2.



=34-

Taeble 17. Respiration at 220 C. of Irish Cobbler potatoes after storage

at 2.2-3.30 C, (36-3®F,)

Storage : Respiration : Carbon dioxide liberated
: period : per hour per kilo
Date tPeriod : :__merobic _: _ anaerobic : I/N
$ days 3 s mg. : mg. H
3 : : : s
H H 1st., day 3 12.6 : 13.5 s 1,07
: : H H 3
Jane. 2, ¢ : 2nd. day H 11.8 H 10.9 : 93
to : 21 H : 3 3
Jane. 23. ¢ : drd. dey 3 10.7 : 8.8 : «82
$ : 4th, day [ 126 3 8.6 3 .68
$ : s : :
i : lst. day H 28.7 H 12.6 : 44
: s 3 : s
s H 2nd. day : 29,5 s 12.1 : 41
Jan. 2, : s H : :
, to : 56 : 3rd. day s 24.8 ] 11l.1 : +45
‘Febs 27, = : s : H
: : 4th, day : 20.2 3 11.6 : +58
° H Sthe da.y 3 15.8 H 1l.2 $ « 71

Experiment S.-« Tubers of the McCormick variety were used in this experiment.

Samples were selected about two weeks after the potatoes were harvested;

each contained 8 tubers and weighed about 900 grams. One series of samples

was stored at 22 +.5° C. in the respiration thermostat, the other series

in the refrigerator at 1.5%+ .59 C, These were removed after different periods
of time to 22° C. and the respiration compared with tubers kept constently

at 229 C. Due to shortage of material, the last two samples were taken from
room temperature storage and kept at 220 C, for 28 days preceding the
reSpirétzzz}ﬁ Theéé'last gamples are compared with samples stored 76 days

at the low temperature. The results of this series of tests are presented

in tables 18, 19, 20, end 21 and in figure 3.
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Table 18. Respiration at 22° Q. of McCormick potetoes after about 2 weeks
cellar storage. November 20-27, 1933,
Respiration : Carbon dioxide liberated
period . per hour per kilo
f gerobie s anaerobic : I/N
H ng. : mge H
ISt' d-ay H 29.8 H 16'8 H 056
Znd. day s 23.5 : 14.6 : .62
3rde. dey H 20.3 : 12.4 H «81
: : aerobic H
4th. day : 16,7 : 40,8 : ——
5th. dgy H 15.1 3 367 H —
6th. day : 15.3 : 19.8 : ——
7the d.ay : 12.9 : 16.3 : ————
Table 19. Respiration at 229 ¢, of McCormick potatoes after warm and cold
storege for 21 days. Test, December 1ll-18, 1933.
: Carbon dioxide liberated per hour per kilo
Respiration S —~ S
period sAfter storege at 22+ .50 C. zAfter storage &t l.5%.50 C
t aerobic : anaerobhic : I/I\T : aerobic : anaerobic : I/N
H me e : nmnge H : mge H mge :
1st. dsy : 644 : 8.1 t 1.26 3 29.3 : 236 : .80
2nd. day : Ged H 7eb s 1,18 ¢ 28,5 H 23.1 : .81
H : s H H H
3rd. da&r : 6.5 : 9.2 H l.42 ¢ 2343 H 18.9 H .81
4th. day H 6.1 : 78 : 1.28 4 18,1 H 17.3 H «96
s H serobic : H : serobic :
t : H H H $
Btho day H 5.9 H 24.6 ¢ mmm—— 1604 : 4004: H ——
6th. day : 662 3 43.2 t =—== 3 15.0 : 41.5 7 =
7the day 6.1 : 30,0 t ===t 13,6 3 2566 3 m=m
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Table 20. Respiration at 222 C. of McCormick potatoes after warm and cold
storage for 49 days. Test, January 8-14, 1934,
Respirati ] Carbon dioxide liberated per hour per kilo
p}:zriid °% . After storage at 22+ .59C: After storage at 1 + .5° C.
¢ aercbic : anaerobic : I/N ¢t perobic : anaercbic : I/N
] nge. ] mg. : : mge H mge H
H : 3 : H s
lst. day % 4.5 : 6.1 t 1.35 ¢+ 32.0 s 23.1 s .72
: : s H H :
2nd. day 4 4,9 3 5.6 $ l.14 37.4 H 24,0 : .64
: H s : 3 :
3rd. day : 5.0 : 52 $ 1.03 : 31.0 ¢ 21.3 I .69
¢ H : : : :
4tho day H 408 : 7‘1 H 104'7 H 24.7 H 20.4 H 083
: H : t : :
H ¢ aerobic H ¢t aerobic H
s : 3 H : H
Sth, day ¢ 4.8 3 19.6 T --— t 17.5 3 40,1 L
6th. day : 5.0 H 36.4 P ema 3 14,5 t 43.2 5 ——
Table 21. Respiration at 22° C. of McCormick potatces after warm and cold
storage for 76 deys. Test, February 5-12, 1934,
R : rati : Carbon dioxide liberated per hour per kile
e:gi;id °f 4 After storage at 22 +£.50 C.¥%: After storage at 1+ .59 C.
t aerobic s anmerobic 3 I/N 3 smerobic i1 anamerobic 3 I/N
$ mge 3 mg H $ nge H nge H
s & : $ 3 :
lst, day : 4.7 = 5.9 1 124 ¢ 30.1 ¢ 21.1 s .70
s : t : : 3
2nd. day : 55 : Se6 : 1.01 s 35,7 22.6 2 .63
: : 3 H : H
3rd. day : 566 : 5.1 3 W90 33.7 23.0 : .68
s : : : : H
4th, day : 5.4 s 5.5 $ 1.02 @ 27.0 20.6 3«76
: H : : z :
: ¢t aerobic : H H aerobic 3
: s : H : :
S5the day : 5.6 s 11.1 g === 3 20.2 = 41,7 5 e
: H H - : :
6th. day s 546 t 34,5 15.7 3 42.9 P m——
¥ Storage at room temperature for 49 days; at 22° C. for last 28 days.
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kxperiment 6.-- Two series of Irish Cobbler tubers were run after 7 and 21

days storage, respectively, at 4.5-6.00 C. {40-430 F.) Esach sample contained

eight tubers and weighed about 850 grams. The tubers had been stored at

AN
chambers were at 22° C. The preliminary period lasted about 18 hours.

room temperature for 54 days before the cold storage was begun. The respiration

The results are presented in teble 22. Storage was begun January 9, 1933.

Table 22. Respiretion at 220 C. of Irish Cobbler potatoes after storage at

4.5=6.00 G. (40-430 F.).

Carbon dioxide liberated

Storage * ; :
. RespiTatlon : per hour per kilo
: period
Date sPeriods : &aerobic t anserobic I/N
3 days : mng. : mg. :
: H lst. day ¢ 8.0 : 7.6 t 95
: : 2nd. dgy : 7.0 : 7.5 : 1,07
Jane 9 - 2 H 3rd. deay : 6.6 : 5.9 : .89
to s 7 : H : :
Jano 160 : . 4:tht day H 608 H 406 H -68
: : 5th. day : 5.9 : 4.9 :  +83
: : 6th. day s 5.8 3 4.4 2 W77
: : lste. day : 8.2 : 72 : 88
. : 2nd. dey s 749 : 7.2 : W91
Jan. 9 - H H 3rd. day : Q.2 H 6e2 H «H67
to : 21 H : H
Jan. 50. : : 4:th- d.a-y H 905 : 4.8 H 051
: : 5th, day H 8.4 : 442 : 50
: : 6th. day : 8.5 : 4,3 : W51

Experiment 7.-- Three lots of McCormick potatoes were stored at 6.5+ 2,00 C.

on November 21, 1933. The potatoes had been harvested about November 4,

end stored at approximately 45° F., until start of experiment. Tach sample
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consisted of 8 tubers and weighed about 900 grams. The lots were stored
53, 83, and 111 days respectively. At the end of a storage period the two
samples of a lot were removed, and placed in the respiration chambers at
22 «5° C., one sample under serobic, the other under anserobic conditions.
The preliminary periods were of about 5.5 hours duration. The results are

presented in teble 23 and in figure 4.

Table 23. The respiration at 220 C, of McCormick potatoes sfter storage at

6.5+ 20 ¢,
Storege i  TRespiration . Carbon dioxide liberated
: N per hour per kilo
Date sPeriod: : aerobic : anaerobic I/N
t deys: H Mg e : mge :
H : lst. day t 17.5 : 17.7 : 1,01
Yov. 21, 1933 : 2nd. day : 18.2 : 17.6 W97
to : B3 : H s :
Jane. 15, 1934 :+ 3rde. day s 14,9 : 15.2 s 1.02
H ¢+ 4th. day : 1l.5 H 12,6 : 1.10
H H : ;s &aerobic :
: * 5th. da.y : 1000 H 57.0 H ————
: : 1lst. day : 17.8 : 15.4 : .86
Nov. 21, 1933 : H H : :
to : 83 : 9Srd. day : 14.3 H 13.0 : .91
Febe 12, 1934 : : s :
H : 4th, da::)r H 12.8 H 11.5 H 91
H H Eth. da;y 4 10.8 : 1102 H 1004
H : : : serobic :
: : b6%th. day : 9.7 : 39.0 P m——
: P 1lst. dey P13.9 P 13.2 P .95
s ¢ 2nd. day : 1l6.4 :  l4.4 : .89
Nov. 21, 1933 ° : : : :
o : 111 : 3rd. day : 13.5 @ 1ll.2 i .83
Tar. 12, 1934 ¢ : : : :
Here 12, : ¢ Ath. day : 9.8 9.4 & .96
: : : : saerobic :
H : 5th. deay H 9.7 : 32.2 d ——
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Experiment 8.-- In order to study the effect of long storage at low temperature

on respiretion, two samples were placed at the cold temperature, 152 1° C.
a8 soon as received, and tested at intervals. The anaerobic sample was stored
in air during the interval between respiretion tests. The data are presented

in table 24.

Table 24, Respiration of McCormick poteto tubers kept constantly cold,

et 1510 C. (35420 F.)

Date 5 Respiration H Carbon dioxide li?erated
: period : per hour per kilo
: . &erobic : anaerobic : I/N
: : mg e : mZ e :
. 2nd. day s 5.3 : S P -
. 3rd. day : 5.8 s 3.0 1 .52
NOVO 20"28' 1933 H s : H
:  4th. day : 56 s 2.1 s «37
: 5th. day ;6.0 : 2.0 .33
! 6th. day T 12 ' .19
*  7th, dsy : 5e2 : 2.4 .46
P 1st. dey : 4.9 : 4,5 -3 |
'  2ndl dey : 4.6 : 4.8 ¢ 1.04
Jen. 15-20, 1934 * 3rd. day : 5e3 : 3.9 O &
P 4th. day : 5.0 : 3.1 P .63
P 5th. day 3 5el : 342 P .64
‘' 1st. day s 3.1 3 3.8 1 l.24
H 2nd. dey : Sl : 4o4 : 1.40
H H : ;
H 3rd. dey H Seb H 4,4 : 1.20
Feb, 20-25, 1934 ¢ : . .
H 4th. d.ay H 3ed H 3-2 . .95
H 5the day H Se3 : 2.6 : .78
H 6th., day : Be2 : 2.8 s .87




-40~-

Table 25, Sugar content of McCormick potatoes after different storage

treatments,
St ! Reducing sugars : Total sugars
orage Moisture ¥ as dextrose as invert
Tme m Jemp. : Wet Wto E dry wtc

wet whe. i d.rywto

: 2 Dper centsper cent :per cent :per cent :per cent
Original sample : t 77.25 : «98 3 4.32 s 1.31 : 5.75
:220C & 75.80 : .80 ; 3.5l ., 1.26 . b5.20
Nov. Z2l-Dec. 1l: : : . ) :
., 1.59 C: 78,95 s Ll.B53 . 7.28 ., 1.97 . 9.35
: : : : : :
2o ¢, 75.77 : o35 . 1.46 . .68 ., 2.8l
Nov. 21=Jan. 8 . : . : :
P1.50 G, 76.40 . 1.86 ., 7.87 . 2.39 . 10.11
Nov. 21-Jan. 151 6450 C, 77.17 . 1.01 | 4.44 ; 1.20 ; 5426
*Room : 3 : : :
¢  air $ 76,03 : 45 : 1.88 .68 : 2,82
Nove. 21=Jan., 22: s . - .
ROOIZ! : - . . .
! sawdust: 77.75 : B2 v 2,77 % 86 ¥ 3.86
:220C F7S.3 . W19 . W75 . W37 . 1.50
Nov. 21-Feb, 5 : . : . : .
3 1,50 C3 75455 T 1,56 . 6438 . 2.22 . 9.09
Nov. 21-Jen. 8 jRoom air: : : : :
Jan. 8 -Feb. 5 ::22° C & 76,38 : W29 : 1.24 3 A48 1 2,03
Nov. 21-Feb. 123 6.50 C: 76439 : «75 ¢ 3.19 : +90 : 3482
Room  * pgg7 ¢ .24 . 1.01 . .42, l.81
H air H H H H :
Nov. 21-Feb. 19: : : : 3 :
Jfoom . . : : :
. sawdust. 81.02 . 66, 3,49 . .84, 4.4]
Nov. 21-Mar. 12: 6.5° C: 75.48 : Bl t 2,10t .88t 2,77
Discussion

The results of the above experiments show that a period of cold storage
resgults in an initial increase in the subsegquent respiration at a higher

temperature. It is clearly evident that this initial incresse is more



Pronounced in the aerobic phase than in the anaerobic phase of respiration.

All varieties used show a large initial increase in respiration after
storage at 2 - 3% C. (36-380 F.). & period of 21 days was not long enough
to cause much stimulus in Irish Cobbler tubers.

The tubers stored at about 6.5° C. (40-450 ®,) showed some initial
increase in respiration when changed to a warm temperature.,

There seems to be a correlation between the sugar content, and the
respiratory response to cold storage. It is shown in table 25 that the
greatest incresse in suger content occurred at the lowest temperature used,

2 - 3% C. and that a smaller increase developed at 6.5° C. No development
of & depressant as mentioned by Barker (1933) was noticed. 1In the six days
that the experiments endured, the respiration of cold stored lots did not
decrease to that of unsﬁpred controls, where Barker found a decrease to a
rabte below that of normal tubers.

Wnile not shown directly in any table or figure, it is‘of interest to
subtract the values for the anaerobic respiration from those for the aerobic,
When these differences are plotted, the curve shows an initial increase.

Tis offers most positive evidence that the initial increase in respiration
is actually due %o oxidation processes, and not alone to liberation of carbon
dioxide physically bound. If the latter condition were the case, similar
emounts of carbon dioxide would be liberated in both aerobic and anaerobic
samples, and the difference in the amount of carbon dioxide produced would
remzin almost constant.

The significant result of the experiment is_the fact that in potatoes
the anserobic phase of resbiration does not show as definite initial incresse

after cold storage as does the serobic.



=

In experiment 8, (tab. 24), it is shown thet the anaerobic respiration
rates of tubers at low temperatures increases after a period of storage.
Semples were stored several weeks at 20 C. and the respiration rates
determined at the ssme tempersature. The rate of aerobic respiration decreased
steadily for seversl weeks. The anaerobic respiretion decreassed to a very
low rate at the end of the first week of cold storage, but after several

weeks, it was greater, and the I/N vtalues about the same as for samples

stored at warm temperature.



Respiration at high and low tempersatures

Previous experiments indicated that the I/N velues were not the ssme
for potatoes respiring at different temperatures. The following experiments

were planned to give more definite data on this point.

Experiment l.-- Russet Burbank tubers, purchased October 29, 1932, were

used for this experiment. The samples consisted of nine tubers each and
weighed from 1518 to 1589 grams. Respiration tests were made at 22%.2° C.

and at 2.5+ .59 C. The results are presented in table 26.

Table 26. Respirstion rates of Russet Burbank potato tubers at high and

low temperatures.
Carbon dioxide liberated per hour per kilo of tubers

Respiration at 220 C. : at 2.5 £ 50 C.
period
¢ serobic : anaerobic @ I/N ¢ aerobic : anaerobic : I/N
H mge H mge : : Mme : mgo H
lst. day ¢ 10.1 : 11.0 : 1,08 ¢ 3.2 2 Be2 : 1.01
211(3.. d.ay H 9.9 H 809 : 090 H 2.9 H 2.? : .95
3rd. dsy : 9.4 : 645 : .70 3 246 : L¢3 3 .88
4th, day 8.8 : (7.1)& : (.8Ll): 2.9 1.9 t  «66
5th. day 8.4 3 (9.5) :{1.13): 3.1 1.9 : .62
6th. day 8.6 : (11.9) :{1.39): Belk 3 1.8 : .54
7th. day 8.0 : (l2.8) :(1.59): 3.5 1.5 W44

* TValues in parentheses probably abnormal due to injury resulting from
enaerobiosis.
The tubers run anserobically at 229 C. had a sour odor at the end of
the experiment, dbut showed no visible signs of injury. Some injury evidently
occurred beceuse the tubers were kept severgl months and never recovered.

They formed fewer sprouts, lost more weight and had discolored core tissue



in comparison with the normal aerobic sample.
Three series of Irish Cobbler tubers were tested. Hach lot consisted

of eight tubers and weighed about 1000 grams.

Experiment 2.— Three series of samples of Irish Cobbler tubers were used
in this experiment, one immediately after the potatoes were harvested, the
others after 54 and 96 days storage at room temperature. The samples consisted
of 8 tubers each; the samples of the first series weighed sbout 1150 grems
each; those of the other series weighed about 850 grams. The respiration
tests were made at 22 £.,20 C, and at 2.5#%.59 C. The preliminary periods
were of about 18 hours duration. The results of this experiment are presented

in table 27, and in figure 5.
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Table 27. Respiration of Irish Cobbler potatoes at high and low temperatures

after storage at room temperature, mean about 18° C. (65° 7.}

2nd, day 5.0 3¢5 «71 11e22

'
,._l
.

(82}
L o ee
|
L]

w

® 88 ex Ct et 0 38 BE &6 BE B pe ov o e Ss ®9 s+ &0
e o0 S0 ST a9 at o0 se bl Dbe se o

: ... 8 Carbon dioxide liberated per hour per kilo
Storage :Respiration: o 04 KO
3 t aerobic : anaerobic : I/N : aerobic : anaerobic : I/N
days : s ng. - . s ng e . nge .
: lst, dey : 12,1 : 1l.1 P .92t 446 3 4.0 & .86
. 2nd. day : 11.5 ; 10,1 | .88 , 3.9 . 2.9 , .74
. 3rd. day ; 1045 . 9.4 ;.90 , 4.2 . 1.9 . .44
o : : : X . .
. 4th. day ; 9.6 9,5 :1.00 § 4.7 1.5 . «33
: 5th. day . 8.9 7.8, W87 . 4.9 . 1.3 Co.zv
. 6th. day , 8.4 s e= . 46, le2 .27
. 7th, day . 8.l —— . 45 . 1.2 . .26
t 1st. dgy ¢ 5.0 6.0 1.20 3 1.5 : 1.2 .84

” srd. day 4.8 5.1 64 L 14 laa i .97
4th. day 4.8 3.2 65 : 21 i l.2 i .6l

Sth. day 5.0 5.5 i .66 : 1.9 ;1.0 .54

6th. day 4.6 1 Bu5 P .77 i 2.2t .8 u38

" 1st. dey 6.5 . 5.2 . .81, 1.8 . 15 | .82

. 2nd. dsy 5.7 . B.2 4 .56 . 2.0 17 .ee

3rd. day 642 2.7 43 . 2.1 Y 1.3 C .64

96

80 we 88 6% s B2 4 % B¥ &0

. 4th. day 7.1, 2.6 D e36 . 2 1.2 T .58
. Sth. day 7.5, 25, W34 . 20 837
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Experiment 3.-- Four samples of McCormick potatoes were used in tais
experiment. These had been harvested about two weeks, and had been stored
at about 459 ¥, (70 C.) since digging. They were at room temperature for

three days before the test was begun. The results are given in table 28.

Teble 28. Respiration rates of McCormick potatoes after two weeks cellar

storage after digging. Begun, November 20, 1933,

. H Carbon dioxide liberated per hour per kilo
Respiration

period 3 at 220 C. : at 2+1.00 C

: aerobic : anaerobic : I/N : aerobic : anaerobic : I/N

s Mg e : mg e : . mee s INg e .
lst. day , 29.8 ., 1648 ., .56 ., 7.1 . 5.7, .80
2nd. day , 23.5 , 14.6 , .62 % 5.3 . 4l . .79
Brd. dey , 20.3 , 124 , 6l . 5.8 , 3.0 ., .52

: ; &aerobic . : :
4th- d.ay H 16.7 3 4:0.8 g ——— s 5.6‘ * 2.1 : -37
5th. day , 15,1 ; 3647 , === _ 8.0 , 2,00 , .33
6th. dey , 15.3 , 19,8 . ===, 6.4 , 1.2 .19
7the day . 12.9 ; 1643 , =--=; B, 2.4

.

Experiment 4.-- The purpose of this experiment was to determine the relative
decrease in the I/N value of potatoes after storage at alternately high

and low temperature. For this purpose, four samples of MeCormick potatoes
were used. The samples were divided into two lots; both samples in a lot
received identical treatment in regard to temperature, but one sample was
used to determine the aerobic respiretion, the other the anaerobic. Each
sample consisted of eight tubers and weighed gbout 900 grams.

The samples were selected about two weeks after the tubers were
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harvested. One 1ot was stored in zir seven weeks at 1.5 + .50 Ces the

two samples were then transferred to e temperature of 22 £ .5° C. and

the aerobic and anserobvic respifation determined for six deys. The
anaerobic samples was continued for only four days to prevent serious
injury due to anaerobiosis. Both samples were then stored in air at

22° C. for an additional four weeks, meking a total of five weeks at 22° C.
The samples were then transferred to the temperature of 1.5° C. and the
eserobic and anaerobic respiretion rates determined for six days. Both
samples were then stored three weeks in air at 1.5° C.; then transferred
to a temperature of 220 C. and the respiration rates determined for five

days; the aneserobic sample was run four days, then changed to air for the

last daye

The other lot was run concurrently with the first, bgﬁ kept at the.
opposite temperature throughout.‘ It was first stored at 220 C.; then
transferred to 1l.5° C. ;nd the respiration determined. After & total of |
five weeks at 1.5° C., the samples were transferred to 229 C. and the
respiration rates determined. After a total of féur Weeks at 22° C., the
samples were again placed at 1.50_0. and the respiration measured.

The McCormick potatoes (tab. 29) which had been at 22° C. from January 8
to February 12 were sprouting and the I/N value was high. The same was
true of the potstoes kept at 220 C. from February 12 to March 12. The
tubers which had been kept at 1.5° C. from February 12 to March 12 had the
sprouts which had begun to develop at the previous high temperature, but
the sprouts were not actively growving and the initial I/N values are not

large. The date for this experiment are presented in table 29.
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Table 29. Respiration of McComick potatoes after alternate periods of

warm and cold storage

Time : Carbon dioxide liberated per hour per kilo

Nove. 20-Jan. 8 Storage at 220 C.

e
*e

Storage at 1.5 C,

o
*”e

Respiration at 1.50 C. Respiration at 22° C,

¢ aerobic : anaerobic : I/N : aercbic : anaerobic : I/N
- M. mg. - - mg. - w. >
H ,}. H . H .
Jen. 9 P16 Y 1 P4 P 32,0 P 251 ¢ .72
Jan. 10 Pz P 109 584 o37.4 Y 24,0 % .64
11 o2 Y 1.8 .76 P Bl.0 f 21.3 ¢ .69
12 P22 Y 14 .65 o247 P 2004 % .83
: X i : * aerobic °*?
13 oz P 1.1 s f 17.5 ' 4001 —em
14 P 2.8 8 Bl P 14.5 0 43,2 % -

Jen 14-Feb. 12 serobic storage at 22° C.

gerobic storege at 1.5° C

*

[ 1]
e

Respiration at 22° C, Respiration at 1.5° C.

aerobic : anaerobic 3 I/N

*”
L]

aerobic 3 anmerobic ; I/§

Febe 13 ‘2000 ! o188 D.9a . 17 [ 2.5 a4
14 P 26,0 211 D .81 © 1.6 . 2.0  .1.28
15 a1 D 18 D.es D 1.9 D L9 © .97
16 ‘a7 Y 1508 D .90 L 2 L L6 . W77
17 C 1.1 L 18,7 1,04 . 20 5 L . W74
: ., aerobic . . . .
18 © 119,  28.1 | === [ 2.5 [ 17 75

*

Feb. 18-liar. 12 : aerobic storage at 22° C. aerobic storage at 1.50 C.

L4l

Respiration at 1.5° C. Respiration at 220 C,

*»"”
e

: serobic : anaerobic : I/N : serobic : anserobic : I/F
Mar. 13 P20 0 3.0 :1.52 : 13.9 : 13.6 : .98
14 : 1.9 ] 2.2 :1.17 : 15.2 : 11.3 : 75
15 : 2.0 1.8 P90 ! 129 ! s e
16 Sl . 15 S.el o100 L w7 P
: : s ) s aerobic .

17 2.2 102 055 9.4 1503 ———
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While not the case in every test reported, there seems to be a tendency
for the anaerobic respiration to decrease more rapidly than the aerobic
when at low temperature. The Russet Burbank tubers (tab. 26) and the
Irish Cobbler tubers after 96 days storage (tab. 27) do not show this
effect clearly. The other Irish Cobbler samples, and the McCormick samples
show very plainly the greater decrease in the respiration of anaerobic lots
at low temperatures. The greater relative decrease in the anserobic
respiration results in lower I/N values for samples run at low temperature.

The theory that the decrease in anaerobic respiration is due to the
toxic, or inhibitory action of the products of anserobic respiration does
not satisfactorily explain the greater decrease in the anserobic respiration
at low temperature because the products are not formed in such great

quentity at the low temperatures.
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Onions {Allium cepa L.)

The onions used in this experiment were of the yellow globe variety,
and were bought at the locel Sanitary Grocery, April 16, 1932.

Loose outer scales of the bulbs were removed, and four comparsble
samples of 17 bulbs each were selected. The bulbs were small in size;
the samples weighed from 645 to 744 grams each.

Two semples were placed in the respiration chambers immediately, and
the determination of the aerobic and anaercbic respiration was begun. The
other samples were stored for 18 days at 2.20 C. (360 F.) before beginning
the determination of the respirstion.

Samples for moisture and sugar determinations were taken from smaller
gsamples of similar bulbs.

The samples stored at 2.2° C. were allowed a preliminary period of
three hours ‘o come to the temperature of the respiration chembers; the
record on the unstored samples was begun after a preliminary period of
one hour.

The aerobic samples developed extemnsive roots and new leaf growth
started. Only small areas of Penicillium appeared, insufficient to make
e noticeable error in the respiration. The results are presented in

table 30,
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Teble 30. Respiration rates of onions at 220 C.

Carbon dioxide liberated per hour per kilogrem fresh weight

Respiration
period : Bulbs not stored sAfter storage 18 days at 36°7(2.29C)
t aerobic : anaerobic : I/N t aerobic : anserobic 3 I/E
H mng. s nge : s Mg : Mg :
1lst. day H 47,8 H 331 H «69 52.8 H 2887 : «54
2nd. d.&y : 42,0 : 23e4 : «56 @ 5346 H 21.0 : 39
3rd. day : 39.3 H 20.0 H «DL 4845 H 18,0 : o327
4th. d&y : 373 : 19.3 : W52 ¢ 48,2 4 16.1 t o33
3 3 aerobic @ : 3 :
5th, dey : 28.2 3 3947 t === 8 47,3 2 17.5 s 37
6th. day : 384 49 .4 $ =—=: 48,2 18.2 : 38
7th. day r 38.1 @ 49,9 ¢ === 3 48.6 : 19.2 : 40
. : : : : aerobic
8th, day a 35.0 & 5l.4 H m—— 3 464 H 40.0 R
9th. dey 3 3648 @ 49,0 i === 45.4 5648 : ——
10th. dgy 3 36.4 & 51l.3 P ome—— 45,1 57.1 3 ———
1lth. day N 56.2 4 50.4 H —— 1 4806 H 6R.5 . ———
lZ‘bh. d-ay 36.5. 5 4906 B - 2 4‘4:.8 M 5800 g emamon
13th. day T e A 45,7 61.9 ¢ —

Table 3l. Moisture and sugar analyses of onions before and after storsge

at 360 F, (2.20 C.)

Storage : : Reducing sugars : Total sugars
Moisture as dextrose as invert
Time t Temp. ¢ : fresh wte : dry whsfresh wt.:dry wt.
: : per : per s per per : per
3 : cent : cent 2 cent S cent 3 cent
0 : =mm= ot 90,17 t 3496 140,80 3 5.8l :59.13
18 days 2,20 C. ; 89.96 t 4446 344441 : 7.29 172.66
(36° F) . : : : :




Discusgion

Onions increase somewhat in sugar content during cold storage, though
not so markedly as potatoes (tab. 25). The aerobic respiretion was slightly
stimulated by the cold storsge, but this was not frue of the anaerobic
respiration. The I/N values for the two tests differ for this reason.

The results of the first days' run indicates that the preliminary periods
were not long enough to displace all the free oxygen in the respiration
chambers and in the bulbs, because the anserobic respiration rate is much
lower for the second day then for the first. A less probable explanation
for the high anserobic respiration during the first day is that the nitrogen
exerted a stimulus. The anserobic respiration of the onions after cold
storage began to increase after the fourth day; this increase may indicate
some injury or breakdown of tissue.

All the samples produced both leaf and root growth by the end of the
test periods but the anaerobic samples did not show growth until changed
to air. A little blue mold (Penicillium) appeared under anaerobic conditions.

From this experiment, the conclusion seems warranted that a period
in cold storage does not stimulate the anaerobic respiration of onionsg when

removed t0 a higher temperature.



Tomatoes (Lycopersicon esculentum L.)

The tomato fruits used in the following experiments were grown by
the Department of Horticulbture, and made availeble for this work through

the courtesy of Dr. Cordner and Mr. Frazier.

Experiment l.-- This preliminary experiment was started September 28, 1932.
Green fruits were picked at random from the plot used by Mr. Frazier in

his studies on the cracking of fruits., The fruits were not all of the same
variety, but they were all at about the same stage of ripeness. They were
of the light green color which immediately precedes the pink stage. All

of the fruiits were small, being the last of the crop at the end of a rather
dry season. Samples of fifteen fruits each were used for the respiration
tests. Each sample contéined approximately the same number of fruits of
each different size. The weights of the samples varied fram 1278 to

1395 grams.

The frults were picked early in the morning amd placed in the respi-
ration chambers by 9:00 A. I. Carbon-dioxide-free air, or nitrogen was
passed rapidly through the chambers until 10:20 A. . when the record was
begun. The respiration temperatures were 22° C. and 3 to 4.5° C. The

results are presented in table 32.



Table 32. Respiration of green tomato fruits.

Carbon dioxide liberated per hour per kilogram fresh weight

Respiration )
- o -
period : at 220C, : at 3 to 4.5° C.

: aerobic : anserobic : I/N : aerobic : anserobic : I/N

H mg e H Mmge H : mge H mge :

H : : s : :
1st. day . 47.2 ; 48.9 : 1,04 . 13,6 . 17.9 . 1.31

: $ H H H H
2nd. day ., 44.2 , 38,0 ; 486 ; 5.7 . 10.2 , 1.78
3rd. day ; B50.4 , 2848 . .57 , Ted . 9.0 . 1.21
4th. day . 61l.0 ., 25.4 . .42 ., 8.5 , 9.2 1,08
Bthe G8Y  ; wmem 5 memm g mmmm s 1042, 8.9, .86

H $ 3 H b H
6the GBY  : cmem  ;:  emem ; meem ; lled . 9.4, .83
Tthe Q8Y  ; —mmm 3 emee . —mem ; 118 10,0 . .84

: 3 ; !  Changéd to 220 C!
Bfhe A8Y  + coce  :  meme g mmem s BBeB 4 ABLT L W79
9the ABY . cmem 3 mmmm g mmmm ; 4643, 2942, W64
10%he 48Y 3 —oem  ;  emem 3 em=m . BL0 . 226 . .44
11the Q8Y  : coom 3 mmem 3 mmem . 4942, 2003 . .41

A%t the end of four days, three of the fruits of the aerobic lot in
table 32 showed a slight growth of Fusarium om the surface. Ten fruits
had developed & pink or red color. In the anserobic lot two fruits showed
a little exudate, perhaps due to bacterial action; four had developed a
little pink color; all had an abnormal odor.

At the end of seven days at low temperature, only the aerobic lot
showed any change, & very slight ripening. After removal to 22° C., eight
fruits of the serobic lot turmed pink, Four fruits in the anaerobic lot

had turned faintly pink, but the color was not normal; the fruits were soft,

and their odor abnormal,
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Experiment 2.-- In the summer of 1933, better frults were available and

experiments were carried out on fruits at different stages of ripeness.

The fruits were of the Marglobe variety. They were growm on weed
infested soil and the fruits were small for the variety. Each respiration
semple consisted of eight fruits and weighed sbout 950 grams. In all
cases, the fruits were piéked about noon, cleaned by wiping gently with
a moist cloth, sorted, weighed and placed in the respiration chambers
about 3:00 P. M. The preliminary period lasted about 18 hours before
the record was begun.

Fruits were studied at three stages of ripeness, approximating the
stages shown in color by Sando {1920). The green fruits were usually
light green in color, just before the appearance of pink; pink fruits
were colored pink over & part of the surface, seldom more than half; red
ripe fruits were completely red, but did not show signs of softening.

The ages of the fruits were not known.

The warm temperature was 28° C. for these experiments; the cold

chambers were not so accurately controlled, but varied between 5 and 6° C.

The results are given in tables 33, 34, and 35 and shown in figure 6.
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Teble 33. Respiration of green Harglobe tomato fruits. August 25 =~
September 2, 19339
Respiration : Corbon dioxide liberated per hour per kilo
period : at 28+ 0.2° C, : at 5.5 + .59 C.
: aerobic i anaerobic 3 I/N t aerobic : anserobic : I/N
i mge f mng. 3 f nge f mg. f
lst day ; £50.6 ; 3541 ; «69 ; 4.1 ; 6.8 ;1.68
2nd, day ; 53.4 ; 33.8 : «63 z 745 : 6.0 : «80
érd, day ; 4743 ; 313 z «66 : 8.7 ; 6.5 : «75
Ah day ¢ 4008 5 —m . ome 3 7.8 4 Bua . .68
Sthydey 1 m-m= 5 cmmm s —em . 8.0+ 5.2 .65
6th. day — — -—— 3  B. ; 5.1 .61
7th, day i i -—— 8.1 5.1 .62

Table 34. Respiration of Marglobe tomato fruits in

Avugust 17 - 25, 1933,

the pink stage.

H Carbon dioxide liberated per hour per kilo
Re;ﬁ;igglon : at 28 £ .2° C, : at 5.5 £ .50 C.

: aergobic : anaserobic : I/N :+ aerobic : anaerobic s I/N

H Mmge : mge H H mee H mng. :
1st. day : 60e2 ¢ 30.8 : 4Bl : 103 9.9 :.97
2nd. d-ay H 50.0 b4 2l.5 : +43 : 10.6 H 9eR z.87
3rd. day g 40,9 17.4 3«43 11.0 : 8.1 1673
4:th' d.ay H 56.7 M 1806 M .5]— M ll.o 5 7e6 :e69
5the day s 34,0 3 —— 3 e 9.5 646 .70
Sthe. da{Y § _——— 3 ———— 5 m— 9.4 3 beR EN TS
7th. day J ———— ———— 3 =——— 9.7 & 546 1456
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Table 35, Respiration of red ripe Marglobe tomato fruits. Aug. 11-17, 1931.
s Carbon dioxid b
Respiration n dioxide libersted per hour per kilo
periOd. - . at 28.# 0020 CQ H at Heb * 050 Ce
s aerobic : anserobic : I/N : aerobic : anaerobic : I/N
s mge . ng e . . mgs . mge :
lste A8y  * 50.2 P 2646 . o585 . 7.4 . 5.t .3
2nd. dsy  * 42,0 P 22,3 ' .83 0 8.6 . 6.2 © T2
Zrd. dsy P57.8 16,3 . 443 . B.5 . Bu7 PoLer
Ath. day P 558 ¢ eme= D oeem P og2 T 54 P62
Bthe dey | —=== ©  eme= =ee ' 8,5 . 5.3 L .62
Discussion

The fruits were kept under anaerobic conditions at 280 C. until
breskdown of tissue occurred, which came with surprising suddenness.
Breaks in the tables are due to the discard of ssmples showing injurye.
The results of the first three days of 280 C. are considered rellablej;
in the cold the fruits held up better, and the data presented is thought
to give a true estimate of the respiration throughout the entire period
at the low temperature.

None of the Marglobe fruits developed any red pigment in the absence
of oxygen.

The aerobic respiration rates of the fruits used in this experiments
are shout the same as Gustafson reported (1929}. The fruits in the pink
stage had the highest aerobic respiratlon. The respiration decreased

sherply as the fruits ripened further.



The green fruits had the higheést anserovic respiration at the warm
temperature, both in actual quentity of carbon dioxide liberated, and in
proportion to the aerobic respirafion.

The fruits in the pink stage produced more carboun dioxide at low
temperature then fruits at other stages, both under serobic and anaerobic
conditions.

The I/N values were about the same for all stages, but were consistently
higher at the low temperature than at the high temperature. This mey be due
t0 the toxie, or inhibitory, effect of the products of the anaerobic
respiration vhich accumulate more rapidly at the higher temperature, or

it may be due to the low energy release of the anaerobic processes.



Currots (Daucus cerote L.)

The experiments with carrots. and parsnips. were designed %o extend tne
gtudies of Smith (1929) who determined the merobic respiration of a number
of vegetables after & period of cold storage.

Materigl.-~ The carrots were purchased as needed from the local groceries.
They were always in good condition with the tops still green, but were by
no meens freshly harvested. The tops (leaves) were cut o ff about one-

fourth inch above the crown before using. Since the roots varied in size

and shepe, samples were sorted carefully to eliminate differences as nearly

as poassible.

Experiment l.-- The samples for this experiment consisted of 10 roots each,

end weighed from 773.5 to 785.0 grams each. Cut surfaces were dipped in
1:1000 mercuric chloride solution for partial sterilizetion. The preliminary

period was of 16 hours duration. The results are presented in table 36.

Table 36.—-Respiration of carrots. Begun May 1, 1933.
Carbon dioxide liberated per hour per kilo

Respiration at 22 - 250 C. : at 3 - 40 C.
period : aerobic : anaerobic : I/N : aerobic : anserobic z I/N
,  me. [ me. X R . mg. :
lat. day t B3.2 *  60.2 1,13 % 14.6 ' 15.3 "1.05
an.. day : 50.5 : 60‘7 : 1.20 : 1508 : 15‘5 f 097
3rd. dey t54.9° ¢ 6004 :{1.11)F 13.4 13,6  $1.01
4th. day HE : ——— 3 =t 13,7 : 13.1 : .96
5th. day ; —— H ———n $ == 12,8 : 12.2 1. 495
6th. day s mmmm 3 eeem i emem : 1148 @ 12,0  :1.01
: : : . ¢ gerobic ¢
7th. day § mmme 3 mme $ === : 104 3 14,0 gm——m

*  1old starting.



~60=

The carrots in this experiment showed very high anaerobic respiration
&nd since the temperature of the warm bath fluctuated widely, due to high

diurnal temperature, the experiment was repesated, with the warm bath set

at 280 C.

Experiment Z.-~ The respiration samples of the second experiment consisted
of twelve roots each and weighed from 569.5 to 581.5 grams, A similar
collateral lot was analysed for sugars and moistures, following the procedure
already described. At the end of six deys the sugar end moisture samples
were taken from the respiration ssmples run at 289 C. The respiration dats

is presented in table 37; the sugar and moisture percentages in table 38,

Table 37. Respiration of carrots. Begun Mey 9, 1933.

Carbon dioxide liberated per hour per kilo

Respiration . at 28 + .20 C. : at 3 - 40 C.
period
t gerobic : anserobic ¢ I/N : aerobic : ansmerobic : I/N
. mge s Mge . : mee s M e ':
lst. day  ° 68,2 ° 106,56 C 1.54 © 14,1 ¢ 12,5 .89
2nd. dey °  60.6 °  105.1 P 1.74 ° 12,2 Y 1.0 .90
5rd, day . 52.6 | 100.8 ©1.92 0 12,3 10,0 .82
ath. day ° 6l.3 ° 102.2 1.99 7 1zea P 111 ¥ oL90
5th. day . 46.4 °  106,9%* (2.29)° 13,3 ' 1l.6 .87
6the day  © 40,0 °  114.3* P —mem ' 11,8 7 11,9 '1.00

* Woticeable bacterial growth, but not extensive.
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Table 38. Sugar and moisture content of carrots, before and after respiration.

: “Reducing sugars

2 H Total sugers
Storage f Moisture : &8 dextrose H as invert
Period : Temp. : Atm. : t wet wt, 2 dry whbe : wet wt. : dry wt.
. . ., ber cent :Pper centv :per cCenv per -cent. per cent.
0 o= e f o701 D 3.56 P 27.65 © 7.29 ¢ 56458
6 d.ays :‘ 280 C.i alir . 87.956 : 3410 : 25477 s 6.50 : 53.98
. s N L 8971 [ 3.07 ] 29.790 [ 4.23 41,08

Experiment 3.-- A third series of samples was run later to check previous
work. The samples consisted of eight roots each end weighed from 486 - 496
grams each. All were dipped for 3 minutes in 50 per cent alcohol, then
rinsed, before placed in chambers. A previous test had shown that this
treatment did not noticeably affect the respiration rate. Sugar and
moisture samples were taken from & collsteral sample at the beginning of
the experiment, and from both the aerobic and anaerobic samples at the end
of the respiration test, The test was run 5 days and 18 hours; the warm
tempersature was 28° C. and the cold 3 & 5° C. The preliminary period

lasted 18 hours, The results are presented in table 39, and shown in

figure 7. The sugar and moisture percentages are given in table 40,

Table. 39. Respiration of carrots at high and low temperatures.

Begun, September 19, 1933. R
. . : Carbon dioxide libversted per hour per kilo

Respiration 2t 28 £ <30 C. " et 3 £ o650 Co

period : merobic : anserobic : I/N : merobic : anserobic : I/N

3 8. : ng e : T ng. s Inge :

1st. day P 66,6 ¢ 98,7 f1.50 ° 12.8 P 13,7  f1.07
2nd. day . B7.4 ;927 ;l.62 ; 11.0 : 123  : 1.2
3rd. dey P B5.7 ¢ 90,6 F1.63 ' 9.9 ' 10.8 f 1,09
4th. day : 4947 3 8644 s 1l.74 3 9.1 ¢ 10.6 *l.17
5th, dw H 48,0 H 89.3 : l.86 3 9.8 : 11.4 P 1.156
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There was no mold growth on any semple at the conclusion of this test.
The aerobic semple at 280 C,. showed & little growth of lezves at the crovm

but there wes no growth on the anaerobic semple.

Table 40, Sugar and moisture content of carrots used in respiration test,

Septenber 19, 1933,

Storage : s+ Reducing sugars : Total sugars
t Moisture :__28 dextrose : as invert
Period : Tempe : Atme : .2 wet wt, : dry wt. ¢ wet wt, : dry wt.
3 : :+ Der cent: per cent: per cent: per cent: per cent
: "3 H : : : :
O H . ; 88.85 H 2027 H 20.57 . 6.11 : 54.66
: Poalr Y 88,93 2,25 ' 20434 6,08 ¢ 54.94
5 days*® 289 C,.: : : : : :
: © W, © 91441 P 1,59 7 18,55 ¢ 3.46 ° 40,27

o
or
+

.

Experiment 4.-- The purpose of this experiment was to test the effect of
ethyl bromide treatment on the respiration of carrots.

411 four samples were placed in & 12 liter desiccator, and 5 cce. of
ethyl bromide allowed to evaporate from cotton at the top of the container.
After two hours exposure, the samples were removed to the respiration
chambers as quickly as possibles

The samples consisted of ten carrois each and weighed from 563 to
568 grams. The preliminary period was 16 hours. There were no untreated
controls but comparison should be made with untreated lots of the test rum
May 9, 1933 (tabe 37). For results after ethyl bromide treatment, see

table 41 P
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Table 41. Respiration rates of cerrots after ethyl bromide treatment.
May 17, 1933.
. . H Carbon dioxide liberated per hour per kilo
Respireation o o
period : at 28 £ 3~ C. : at 3 £+ 1.0¥ C,
: aerobic : aneserobic : I/N : aerobic : anserobic : I/N
: e : nge : P - 3 0g e :

16 hrs. : : : : : :
Prelim. : 97.4 ¢ (112.5) :(1.16}: (29.8) : (29.8) : (1.00)
1St. daN H 7405 H 111.5 : 1.49 H 15.9 H 18.5 H 1l15
?.nd. day H 61.3 H 10009 . 1065 . 14:.2 H 17.4 H 1l.22
Srdo d.ay H 55.5 H 100.1 H 1080 M 14‘00 H 17.7 H 1026
4th. day H 54.4 : (105.2) ¢(1.93): 1l4.4 : 17.0 ¢ l.18
5th. day ¢ (B340) ¢ (106.2) :{2.00}: 14,3 :  16.6 :+ 1,16
6the day  : (55.6) ¢ (107.1) :(1.92): 12.4 : 4.4  : 1.16

Values in parentheses are probably unreliable. At the beginning,
incomplete anaerobiosis perhaps results in values too high. At the low
temperature, the respiration is high during the preliminary period, becsause
the carrots were warm at the start and required some time to reach the low
temperature. Values during the fourth éo sixth days are in error due to

mold and bacterial growth.

Experiment 5.-- A series of carrots was used to test the relative inertness

of hydrogen and nitrogen gases in study of enaerobiosis. Three samples of
eight roots each were used; the weights of the seamples varied from 37345

to 361.5 grams each. All roots were dipped in 50 per cent alcohol for

3 minutes, rinsed in distilled water for 2 minutes, and dried before placing
in the respiration chembers. The preliminary period lasted 15 hours.

“nen & change was made from one gas to another, the second gas was introduced

et the beginning of the purification trein about 20 minutes before a dey's
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run ended; even so, the second gas would not displace the previous one

until several hours had elapsed. The results are given in table 42.

Table 42. Respiration of carrots in air, nitrogen, and hydrogen at 27.8 +.2° C

October1® - 26, 1933.
Carbon dioxlide liberated per hour per kilo

(L]

Respiration .
period . 8erobic 3 medium % samjglﬁniefogzzz:ple 2 3 a.verage: /¥
3 M. : :  mg. . DZe . Mge
lst. day . 67.5 Nitrogen : 118.6 , 118.7 , 116.2 ; 1.72
nd. day . 60.7 Hydrogen . 109.6 . 113.6 . 111.6 . 1.84
3rd. day © 60.9 fHydrogen . 104.0 . 107.8 ; 105.9 ; 1.74
4th. day . 55.8 TWitrogen . 93.6 , 101.4 " 97.5 , 1.82
Bth. day . 55.4 Zﬂitrogen 91.4 . 1004 . 95.9 S 173
6th, day . 56,8 :Hydrogen 96,2 110.6 . 102.4 1.80
7th. dey . 54.3 Nitrogen . 90.4 , 97.8 , 94.1 ; .73

Discussion

The experiments reported show a consistent high anaeroblc respiration
for carrotse. The I/N values are highest at the warm temperature; usually
the I/N value of the first days run at the warm temperature was about
1.50 and it usually increased as time went on. In the cold, the I/N value
was about unity and remained fairly constante.

The high anaerobic respiration rate was certainly not due to infection
by bacterie or fungi. There was no visible mold at any time, nor any sign
of bacterial infection in the series run September 19, 1933 (tab. 39).

The odor and taste of the roots were nearly, or quite normal after a week
of snaerobiosis, end the appearance of the roots was normal. The tissue,

after grinding on a Nixtamal mill, seemed more julcy, and the results



(tables 38 and 40) show & higher moisture content. Whether this increase
in moisture is actual, or apparent, is unknown, becsuse volatile end
products of anaerobic respiration, such as alcohol, would ceuse an apparent
increase in the moisture content.

The anaeroblc respiration of carrots was about the same in either
hydrogen or nitrogen (tab. 42). From the results reported, hydrogen seems
to cause a slight increase in the amount of carbon dioxide produced when
substituted for nitrogen. On the other hand, a decrease occurs when nitrogen
follows hydrogen. The I/N values are not affected significantly by the
slight changes in respiration resulting from the alternation of gases used.

It is difficult to estimate the effect that ethyl bromide treatment
has on carrots (tabe. 41) because untreated controls were not run at the
seme time., Comparison is best made with untreated samples given in table 37.
The slight stimulus possibly due to the ethyl bromide is of short duration,
gbout 1 day, and seems more pronounced in the aerobic samples, and at
the warm temperature.

The total sugar content of carrots decreases markedly during anserobic
respiration {tasbles 38 and 40). The amounts of reducing sugars did not
change appreciably in one analysis but decreased more significantly in
the experiment 3. The greater decrease in the sugar content of the anaerobic
samples indicates that sugar is probably the chief food of the carrot, and
is the substance broken down during respiration. Much more material is
used in anaserobic splitting to form a given amount of carbon dioxide than
in aerobic processes. This mey account for the greater decrease in the
gugar content of the eneserobic lois.

custafson (1932) found that several different species of cacti give

off sbout as much, or slightly more, carbon dioxide by anaerobic processes



as by aerobic oxidation. A comparison of the food reserves in the two
moterisls would be interesting because of their similar respiratory behavior.
Richards (1896) found that carrots had = high anaerobic respiration,

about equal to aerobic, but his experiments did not run over periods as

long as used in the present work.
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Parsnips {Pastinaca sativa L.)

This experiment was plamned to extend the experiments performed by
Smith (1929) on the respiration of parsnips after cold storage, by including
the determination of the anaerobic respiration.

The parsnips were purchased from a local trucker, November 28, 1933,
being dug expressly for this experiment. The roots were dug in the morning,
washed just before noon, and the samples sorted out just after noon. The
semples cpnsisted of seven roots each; those used immediately for tae
determination of respiration weighed about 640 grams each and the samples
placed in cold storage weighed about 540 grams each.

Four samples were placed in the respiration cheambers immediately
after sorting to determine the respiration of freshly dug.parsnips. The
remaining semples were stored in moist loam soil at 2.20 C., (369 F.) for
30 deys. The method of storage is described by Smith (1929). These samples
weré then removed and respiration tests made., The preliminary periods
lasted 20.25 hours in each instance; the respiration tests were made at
22 + «3° C. and at 1.5 & .5° C.

Samples for sugar and moisture determinations were taken from collateral
semples at the beginning of the respiration tests at 220 C.; samples for the
determination of sugars and moisture were taken from the respiration samples.

The results of the respiration tests are presented in tables 43 and 44

end shown in figure 8. The percentages of moisture and sugars are given

in table 45.
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Table 43. Respiretion rates of freshly harvested parsnips. Begun, llov. 28, 1933

3 Carbon dioxide liberated per hour per kilo
Re;g;z:glon at 22 +.30 C, : at 1.5 + .50 C.
: aerobic : anaerobic : I/N ¢+ aerobic : anserobic : I/ﬁ
: M8, mg. : - :
lst. dsy  , 66.7 ,  53.9%* . .81 . 2.8 .  26.8 . l.25
end. day | 53.9 ,  78.8 . 1.46 . 20.8 . 2l.4 , 1,05
Brd. day  , 45.5 , 6647 ., 1.47 . 1646 .  14.2 . .86
4th. dsy . 43.4 , 716, 1.65 , 15,0 , 18,0 , 1.20
*

The low value for the first day's anaerobic record at 220 C. was probably
due to poor adjustment of the gas flow because the value for the second
dey is higher than expected.

Nitrogen was used during the preliminary period and for 10 hours the

first day. It was then necessary to change t0 hydrogen for the remainder of

the test.

Table 44, Respiration rates of parsnips after 30 days storage at 1.0 — 2.5° Ce

Begun, December 28, 1933.

H Carbon dioxide liberated per hour per kilo
Resplratlon -at 22 + .39 C. : at 1.5 £ .59 C.
period - - - -
: aerobic : anaerobic : I/N : aerobic : anserobic : I/N
: me.e ;. ME : : Mg 5 T8 :
let.day. . 65.8 , 67.3 ,1.02, 121 , 15,7  , 1.0
2nd. Y5206 . 6244 . 1.19 | : X
i : : ; D10.7% D 127 D l.8
3rd. dey . 4944 , 723, 1l.46 . .
4%, day . 43.6 , {89.1) ,(2.04), 9.2 , 11.3 | 1.23
Bthe day . 43.4 , (118.6) (2.73), 8.7 , 10.6 , .21

N

* Average of days.
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Table 45. Sugar and moisture .content of parsnips.

Treatment of samples

(14

¢+ Reducing sugars : Total sugars

Storage : Respiration : lMoisture ° as dextrose :as invert sugar

at 1.5% C.: at 220 C. : : Wet whte : dry whe. : wet wte : dry wt.
days : period : atm. : : : : :

; hours , . per cent ,per cent .per cent ,per cent ,per cent

.0 [ -=— [ 8la8 | .27 [ l44 . 6.4, 33.16

0 . 140 air 81,39 . .77 4.1 , 579 , 3l.11

. 140 1 W, [82.45 . W51 . 1.76 , 5.25 . 29.92

. 0 . . 80452  , 1.04 . 5.36 ; 9.26  47.52

30 . 140 . air , 80.74 . .84  , 4.34 . B.74 . 45,35

. 140 . W, 82,75, .88  , 5.09 ; 7.40 ; 42,90

Discussion

The parsnips used 4id not show any significant increase in respiration
after storage at low temperature. This mey be due to the fact that the
roots had}been subjected'to some rether cold weather before digging. The
serobic respirstion rates of both the freshly dug roots and the stored ones
decreased during the course of the experiment. Smith (1929) has already
reported siﬁilar data. At the warm temperature, the anaerobic respirztion
of parsnips " 4id not decrease during the experiments. Since the
gerobic rate decreased wihile the anaercbic rate remained relatively constant,
the I/N values increased.

The anaergbic respiration showed an apparent increase after a few days.
That this was due %o infection with micro-orgenisms is doubted becsuse there
was no mold, or visible sign of bacteria, even when the roots were cut open.

The slight top growth of the aerobic lots did not seem to apprecisbly affect
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the rate of respiration. It was unfortunate that the use of hydrogen was
compulsory in the first experiment, but, except for the one possible error
already mentioned, the figures are considered'reliable, and not materially
affected by the change from nitrogen to hydrogen (See also table 42).

The respiration of freshly dug parsnips is much higher at the cold
temperature than that of roots after a period of cold storage, despite the
fact that the sugar content of the stored roots was markedly higher than
that of the freshly dug roots,

The weights of the soil stored lots remained almost unchenged for the
30 dey storage period. The sugar content (tab. 45), Poth of reducing and
total sugare increased significantly during storage. There was always a
grezter decrease in tﬁe total sugzar content during anserobic than during
serobic respiration. The figures gre so conflicting that any éonclusion
concerning the change in reducing sugars is unwarranted.

From the data reported it may be concluded that persnips have a high
anaerobic respiration in comparison to the aerobic. In this respect they
resemble carrots.

The sugar content of persnips increases during cold storage. This
inerease in sugar content is not correlated with an increase in respiration
when the roots are removed to a higher temperature. This observation supports

Smith's (1929) work. Parsnips differ from potatoes in this respect.



Turnips (Bressica rapsa L.)

The turnips used in this experiment were purchased in a local grocery,
March 19, 1934. They had been shipped in from the south, but the tops were
still fairly fresh,

After removing the tops, four samples of five roots each were selected.
Two sesmples were placed in respiration chambers immediately, and the respiration
determined.

The remaining two samples were stored in open containers at 2.2° C.
(36° F.) for two days. They lost weight rapidly, so they were placed in
moist chambers with loosely fitting covers, and a piece of moist towel
paper placed over the roots. After taking this precaution, the weights
remained constent. The storage period lasted 17 days.

The respiration was determined at 22 # .5° C. The preliminary periods

were sbout 5.5 hours. The results are presented in table 46.

Tegble 46. Respiration of turnips at 22+0.5° C.

Carbon dioxide liberated per hour per kilo

Respiration
pﬁriod s Fresh roots tAfter 17 deys storage at 360 F.
t aerobic ¢ anaerobic : I/N $ aerobic : anserobic I/N
:  mg. : mge : : mge : mge s
1st. d&y : 698 H 47.5 : «68 : 90,4 : 50.7 : «56
2]16.. day : 66;2 H 40.4 : .61 H 86.2 H 39.2 : 45
3rd. dsy : BB.5 41,7 2 W71 744 3645 P .49
4th. day L ——— N - Y €% T 36.9 ! .55




Discussion

The turnips of both aerobic samples developed some new root and leaf
growth, There was no leaf or root growth in the gzerobic ssmples. A slimy
growth of bacteria developed around the crowns of the turnips in the
anaerobic samples, and a foul odor was present after the second day. Only
the data for the Tirst two days are considered reliasble. Cold storsge of
turnips results in an incresse in the serobic respiration at subsequent

high temperature, but the anaerobic respiration seems quite unaffected by

such treatment.



Green Sweet Corn {Zea mays L.)

The following experiments were designed to study both the serobic and
enaerobic respiration of green sweet corn, and the concurrent changes in

the carbohydrate reserve.

Experiment l.-- The first experiments were carried out with corn of the
Hopeland variety. This was supplied by the Agronomy Department of the
Maryland Agricultural Experiment Station.

The ears were picked early in the morning and brought to the laboratory.
They were then shucked, and the silks removed by brushing lightly. The
" butts were cut off smoothly, and grains injured by ear worms were cut out.
The cut surfaces were swabbed with 50 per cent alcohol to reduce possible
infection. The preliminary periods lasted two hours. In this interval,
collateral lots were sampled for sugar and moisture analysis. For these
englyticel samples, three rows of grains were cut from each ear used,
ground, mixed, and the samples weighed into flasks.

Two runs were made on corn in the milk stage. The ears were 19 days
0ld from the time silks had first appesred. One run was made on corn in
the ecarly dough stage, the ears of which were 26 deys old from the time of
silking. The writer is indebted to Mr. Donald Goss of the Agronomy Department
for the data relative to the age of the corn used. All the ears of a given
age were not in the same physiological age, and ears were selected which
seemed average for the steage used. The 'thumb nail' test was used in this
final separation. The results of the respiration tests are given in tables
47 end 48; the changes in sugars and moistures are presented in table 49,

Thé data areplso shown in figure 9.
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Table 47. Respiration at 300 C. of Hopeland sweet corn in the milk stage.

. : Carbon dioxide liberated per hour per kilo
Respiration
period ¢ Run August 15=-22, 1932 $ Run August 23-30, 1933
: aerobic : anaerobic : I/N : gerobic : anaerobic 3 I/N
3 ME. ngs : : ME. mee :
lste day , 493.2 , 388.2 ., .79 . 471.1 , 368.4 , .78
2nd. day , 418.1 , 236.4 . 57 ., 401.0 , 275.6 , .69
3rd. day  ; 370.4 , 18642 . .50 , B333.0 , 208.3 . .61
4th. day , 31646 , 147.6 . 47 ., 301.7 . 160.7 , .53
5th. day ., 301.0 , 11844 , .39 , 264.8 . 141.8 , .54
6th. day ., 248.2 .,  89.9 . 36 , 222.4 . 112,56 , .51
7th. day . 202.9 .,  70.4 ., .35 . 192.9 .  89.3 ., .46

Table 48. Respiration at 30° C. of Hopeland sweet corn in the dough stage.

Begun, August 31, 1932

L1 12

Respiration Carbon dioxide liberated per hour per kilo
period
: aerobic : anaerobic H I/N
: M e : ng. : mge
1st. day : 3989 : 271.7 : .68
2nd. dey : 347 .6 : 179.4 : 52
3rd. day : 298.5 ; 141.2 ; A7
4th, dey X 268..6 : 139.5 : .54
5th. day : 221.5 ) 131.9 ) .60
6th. day ) 188.4 : 119.5 ; .63
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Table 49, Sugar end moisture content of Hopelend Sweet Corn.

Stage of

i : Storage H ¢ Reducing sugars : Total sugars
rlﬁeness : gt %00 ¢, ¢ Molsture 3 as dextrose t as invert sugar
when : s : -
hervested :period: atm. : t wet wte 3 dry whte : wet wte : dry whe
: days : 3 per cent tper cent : per cent: per cent: per cent
s O, ——= , T7.85 , .99 , 4.47 . 4.20 , 18.97
Milk : H H : : : H
. 4 . air s 74,95 : «60 : 2438 s 1,07 e 4,26
. 7 . Np . BlJl  ; 2.36 ; 12.49 , 2.35 , 12.44
P 0 Pemm % ogo.e2 P ol.20 P 625 ¢ 4094 o25.47
Milk © 7 Cair ¢ 75,45 ° .44 ' 1,80 ' .83 P 3,37
oo tw, P oweeee ToL.77 Poeua32 1496 ¢ 9017
L0 ;=== . BBJAl . .94 , 2.78 . 3.49 ; 10.29
Early : : : H : :
dough 6 . alir s 65.55 s .50 . 1046 : 1.14 s 5.51
6 LN, , 75.3%9 , 1l.78 , 6.68 ; 2.19 ; 8.21

Experiment 2.=- Another experiment was run on corn in late milk stage

purchased from a local market gardener, September 13, 1932. It was & white
variety, called by the grower, Trucker's Corn.

Bach sample consisted of four ears. Much demage had been caused by
earworms, and the dameged kernels were all removed. The preliminary period
lasted 3 hours. During this time a collaberal sample was used for sugar,
starch, and moisture samples.

Two respiration samples were run seven days at 30° C. The other two

were rTun seven days at 3 1.00 C, then changed to 300 C. for six days.

In chenging temperature, the anaerobic lot was in air for some time because

the samples were placed in different respiration chambers. A preliminary
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Period of 2 hours was run before starting the record sgain. The respiration
results of this experiment are given in table 50; the changes in carbohydrates

are expressed in table 5l.

Table 50. Respiration rates of sweet corn in the milk stage, Trucker's variety

[
L

H Carbon dioxide liberated per hour per kilo
Respiration . % 300 o
period : & Ce. H at 34+ 1,00 C,.
: aerobic : anmerobic : I/N : aerobic : anaerobic : I/N
t  Ing. H mge : : Mg H mng. :
1st. day  : 453.1 ; B46.9  ; 77 : T75.4 ;59,7 . 79
2nd. day . (222.9)%: 190.5  ;(.85) ; 67.9 i 43.1 ;63
3rd. day = ; B21.3 ; 14B.7 ; A6 ; 57.4 5 41.9  ; 73
4th. day  : 31843 ; 119.8 ; .38 ; 61.8 . 41l.8  ; .68
Bthe day  : 291,0 ; 101.4 ; o35 ; 53.0 ; 424  ; 80
6the day  , 23944 ,  B8l.7 ; o34 ; 49.9 . 393  ; .79
7the day . 217.6 :  7Lle3  ; o33 3 B2.7 3 39.2 3 W74
. . T _ Changed fo 300 C. °
8th. dey Lo . . 373.8 _ 253.9 T .68
9th. dgy P --m- E : P316.9 © 185.0 | .59
30th. day  } =———  F : 28645 | 127.8 . 45
11th. day  } -—— } : f261.2 ¢ 97,3 1 .37
12th, day ¢ e=mm : “o28.7 ¢ sz .33
13the day P -——= : 20844 © 6l.5 . 430

* Ajr flow stopped in this chamber from 6:00 P. M. until 8:00 A. li. through
faulty manipulabion, Little carbon dioxide was lost, but its production
greatly decreased, probably due to consumption of oxygen in container.

Rate for first 5 hours of the second dey was 383.6 mgs. per kilo per hour.



Table 51, Changes in carbohydrate end moisture content of Truckers' green sweet corn. Begun September 13, 1932,

Storage s . t Reducing sugars : Total sugars H Soluble igoly- : Starch
period toptm, ¢ Moisture , as dextrose : as invert : ﬁgﬁ‘%{ng 8 :
at 3° C. ¢ at 30° C. : 3 Wet Wte § OGry WGe & WEG WGe 3 Qry WGe & WE . & . & WO . .
. s t per cent : per cent: per cent: per cent: per cent: per cent: per cent: per cent:per cemt
. 0 s mm=m i TBBL ;495 3,90 5 4437 . 17.91 ; B4l . B4.48 ; 2,84 , 11,65
H : $ : : : : : : : s
0 A 7 days : &ir : 76.97 H .49 s 2.11 3 095 : 4015 s 5.45 3 25065 : 5.98* : 17029*
. Tdeys : N, : 79.00 . 2440 . 11442 . 2463 . 12452 . 4.21 . 20.05 . 2.68% . 12.76*
2 é . L * 3 [ » ] *
: : ailr ; 78,68 : 0«81 : 2.40 : «93 : 4,38 3 4,76 : RR«31 3s46 : 16422
7 days ¢t 6 days : : H H s s : : : :
1 H Nz 3 80.04— : L4439 : 11.95 H 2+.65 H 13.26 r 3.42 H 17.13 H 273 K 13.69
: : : : : : : : : :

* Results of single analysis, all others values the averages of duplicate determinations,

-A&_
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Bxperiment 3.-- The last experiment with sweet corn was on Stowell's Evergreen
variety, grown by the Department of Horticulture. The corn was picked in
the morning, September 29, 1933, shucked, silked, and sorted into lots of
four representative ears in each. Grains injured by earworm were cut out,
and all cuts swabbed with 507 alcohol. The preliminary period lasted two
hours, during which time samples were taken from & collateral sample, for
moisture, sugar, and starch analyses. Samples for snalysis were teken
from the respiration semples at the end of the test at the high temperature.
The respiration was studied at 289 ¢, and at 4° C.
The corn, as determined by the 'thumb nail' test, was in the milk stage.

The results are presented in tables 52 and 53 and shown graphically in

figure 10.

Table 52, Respiration rates of Stowell's evergreen sweet corn.

: V Carbon dioxide libereted per hour per kilo
e s ™ s at 27.8 £ .20 C. 3 at 4.5+ 0.50 C.
t aerobic : anaerobic : I/N t aerobic : anaerobic : I/N
: Mg : mnge . . DZe s mg. .
lst. dey . 396.5 . 285.8 . 0.72 , 89.6 ., 63.7 , 0.71
ond. day . 3269 . 169.8 . .52 . 68.3 .  B7.8 . .55
Brd. dey . 297.8 . 115.0 . .39 . 67.5 , 38.5 , .57
4th. dsy . B71.6 . 93.8 | .35, 53.5 , 5346 . 65
Sth. dey . 25647 . 76.7 . B0 . 49.5 .  29.6 , .60
Gth. day . 229.1 .  61.9 . .27 . Bl .,  B4.5 ., .67
7th. day , 208.2 ,  55.0 . .25 . 47.2 . 31.0 . .65

>




Teble 53. Changes in the carbohydrate and moisture content of Stowell's Evergreen sweet corn.

Storage at 280 C.? : Reducing sugers : Total sugars ¢ Soluble polysac~
*e oo os . . . charides . Starch
* Moisture ! as dextrose ¢ as invert sugar ¢ " :
: : : s (dextrlns) ¢
period : Atm. 3 t wet wte ¢ dry whte ¢ wet wte s dry whbes wet wte : dry wt. : wet wt. 3 dry wt.
0 P we— P o793 ' l.22 ' 6,80 F 4,03 f19.11 ' 1.0 ¢ 5,20 ¢ 7,12 ¢ 33.80
7 dgys ' air |ora.87 0 Gmax oR.9B*  Po1,30% P B.le* 2,54 P 10,11 P 8440 ¢ 33.43
7 deys * Ny * 8l.86 ¢ 2,10 P 11,58 7 2,29 flz.6l ¢ 2,08 f1l.21* * 3,56 ¢ 18.14

..

[
-
®
..
-

—61‘_

* Figures result of a single determination. Others the average of duplicate samples.
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Discussion

The sweet corn had by far the'highest respiratory rate of any materiel
studied. The only work previously reported on sweet corn (Appleman, 1918)
gives respiration values approximating one-tenth of the ones reported herein.
Unpublished data by Dr. Parker shows respiratory rates very similar to the

values reported,

The grains, whether milk stage or older, seemed to continue toward
maturity in aerobic conditions. The sur faces oﬁ}ﬁiain%shrunk and the
endosperm became more doughy, and the moisture content decreased in most
cases. Concurrent with the visible changes, the starch content of the
grains increased, and the sugar content decreased. The samples of Truckers'
corn (table 51} showed a decrease in water soluble polysaccharides (dextrins)
but the Stowell's ivergreen (table 53) increased in this fraction. The
latter variety was very low in soluble polysaccharides at the beginning of
the experiment, and the second enalysis seems to have been made while the
sugars were only partially‘polymerized t0 starche.

In aneserobic conditions, however, the grains remained very fresh and
plump in appearance. The juice of the kernels beceme less milky in
appearence, and there was an apparent increase in the moisture content.

It is not known whether this latter change was due to an increase in water
from metabolic processes or to. an increase in volatile compounds formed by
the anserobic process. The latter view is favored because alcohol was
present, Jjudged by odor, in the grains after a period of anserobiosis.

It is more reasonsble to expect an increase in such products of anaerodbic
respiration than en increase in water.

An interesting fact is the pronounced increase of reducing sugars in

the grains during anserobiosis. The total sugar content was greater after
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enaerovic then after aerobic respiration but was somewhat less then in the
original semple. The Truckers' corn showed a decrease in soluble poly-
saccharides and starch during enserobic respiration. The Stowell's
Evergreen corn decreased much more in starch content, but the dextrins
increased somewhat.

It is evident that the tendency in sweet corn is toward hydrolysis of
the higher carbohydrates during anserobic respiration; very little synthesis,
or polymerization occurs. It is interesting to compare the carbohydrate

changes in sweet corn with those of the pea, Pisiun sativum, in the

germinating seeds of which, Nabokich (1903) reported that hydrolysis of
starch took place very slowly in the absence of oxygene.

The Hopeland variety was the only one tested at different stages of
maturity. There is no outstanding difference in the respiration of corn
in the milk, or in the dough stage. The respiration is greater for the
first feW'days‘in corn in the milk stage (tables 47 end 48).

The anaerobic respiration decreased more rapidly than the aerobic in
all the experimenis except that on corn in the dough stage. This resulis
in a gradual decrease in the I/N values. At low temperatures, the anaerobic
respiration does not decrease so rapidly and the I/N values are almost
constant. In the experiment with Truckers' corn, when the samples were
changed from a low to a warm temperature, the 1/N vaelue decressed steadily,
after having remained slmost constent in the cold. The decrease in
enserobic respiration is probably due to the inhibiting, or toxic, action
of intermediate products of metabolism. Certainly, it is not due to & lack
of fermentable food substance because the samples contained more sugars at

the end of the respiration period than at the beginning.
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Meture Corn and Soybeans

Dried grain of corn (Zea Mays L.) and dried seeds of soybean (6lycine
Max Merr.) were used in the following experiments.

The experiments are designed to extend the work of Bailey (1921)
who studied the respiration of corn at different moisture percentages, and
of Bailey and Gurjar (1918) who determined the respiration of stored wheste.
Beiley found that the respiration of corn increased rapidly with increase
in the moisture content of the grain above 17 per cent. Balley and Gurjar
made one test of the anaserobic respiration of whest and found the I/N value
to be about 0.40 when the moisture content was about 16 per cemt. Hill
(1913) used wheat hav_ ing a much higher moisture content, and found I/N
values of about 0.5 in grain sterilized with alcohol, but only about
«21 in grain sterilized with formalin. Diskonow (Kostychev, 1927) found

]

that seeds of Ricinus cbmmunis, which are very low in carbohydrate content,

had a very low anserobic respiratione.

The corn grain and soybéans used in these experiments were grown on the
Maryland Experiment Staxién farme.

To secure materiai of different moisture content, distilled water was
added directly to the material iﬁ sufficient quantity to raise the moisture
content to the percentage desired. The material was stirred fregquently for
the first few hours %o keep the water uniformly distributed over the
surfaces of the grains or seeds until it had all been imbibed. Two
respiration semples were weighed out of each lot of sosked material, thus
insuring semples as nearly identical as possible. After adding the water,
two or three days were gllowed for it to distribute evenly throughout the

jnternal tissue of the grain, or seed. During this time, the materisal
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was stored in jars, loosely stoppered, so anserobic conditions would not
occur,
In all experiments with‘grains and seeds, the respirgtion is calculsted

on basis of dry material, and not on total weight of sample.

Experiment l.-- The first experiment was on dried grain of Hopeland sweet
corn. This grain was from sample ears saved from selection plots. Three
rows of kernels were shelled fram each ear; about 50 ears were represented,
one-half being grown in 1931, the other in 1932. The total lot of grain
weighed about 1400 grams. Broken kernels, and chaff were removed, the

lot then subdlivided and water added. Respiration samples weighed 500 grems
each for corn of low moisture content, and 200 grams each for corn high in
moisture. The preliminary period was aboubl 17 hours. The gas flows were
continuous throughout the respiration period except for a short stop each

day while the copper in the nitrogen line was being reduced. See table 54.

Experiment 2.-- Tests were also run on Reids Yellow Dent corn. The corn
was selected from the crib, only well matured ears being used. The kernels
were discarded from +ips and butts of ears. The first two tests were on
corn grown in 1932, the last two on corn grown in 1933. The respiration
semples were prepered in the same manner as those of sweet corn. The
samples high in moisture weighed 250 grams; those low in moisture weighed

500 grems. The results are presented in table 54.
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Table 54, Respiration studies on corn grain at 22° GC.

: Date of : t Carbon dioxide liberated per
Haterial : exp ¢t Moisture * hour per kilo d.ry whe
t : : aerobic : anserobic : I/N
. s per cent , mnge : ng. .
Hopeland sweet ; Nov. 30 - f 15.11 f 4,71 f l.25 f « 264
corn . Dec. 3, 1932 : : . .
: ’ ¢ 20,58 ¢ R2.99 ¢ 12.39 ¢ oDb39
Reid's Yellow H Dec, 20 - 25’ H 17.38 H 5.12 H 1l.48 H «290
Dent, grown 1932 °® 932 : : : :
» & : 1 : 22.09 : 27.83 ; 16.24 : 584
: i 14,69 : 0 : o 24 HI
' Dec. 5 -8, 14, : 2.02 ; 2 : 120
Reid's Yellow : 1933 : 19,10 : 3,82 ¢ 1.37 ¢ 4357
Dent, grown 1933 ¢ Y 7 T T
: 3 16.38 t .77 ¢ 44 ¢ «250
: Mer. 8 = 11, . : * .
: 1934 : 23,06 topB.72 13,69  t  .532

Similar experiments were run with soeked seeds of the soybean,

Virginie variety. The data &re given in table 55.

Table 55. Respiration studies on soybeans at 22° C.

: te of : t Carbon dioxide liberated per
Source of Seed : D:ezto : Moisture : hour per kilo dry whe
s : :_serobic 3 snserobic : I/N
R . per cenv me . mnge :
. . 1312, .23 A8, .78
1932 . April 3 - 6, ; : . .
;1983 :19,09 ¢ R.43 3 J79 W32
1933 ; March 27 - 50; 13.34 ; 42 . «30 ; 71
1954 P17.sl Y 1.25 48 P .38
] H H ; : .
1933 3 April 12 =15 314.48 : +45 : 34 : 74
: 1954 22,25 PB.72 1 1.83 1 27
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Discusgsion

It seems from the experiments reported in tables 54 and 55 that
there is some difference in the reaction of corn greain and soybeans to
enaerobic conditions. Corn of low moisture content has & comparatively low
enaerobic respiration; the I/N values are about 0.25 or even less. Uhen
the moisture content is increased, the anaerobic respiration becomes
relatively greater, and the I/N velues are about 0.50, with one exception,
where the moisture content was below 20 per cent.

On the other hand, soybeans have a low I/E value when the moisture
content is high. The high I/N values for soybeans at low molsture contents
are considered possibly inaccurate. The respiration is at & very low rate,
and if the correction for the blank in titration was too low, the high
values would result. In one instance, air was drawn through an empty
chamber for 72 hours, and the blank was higher than the blank through
which air had not been passed. Using the higher blank the I/N values for
the soybeans at high and low moisture contents were not significantly different.
The data on soybeans support the results of Diekonow (Kostychev, 1927)

who found very weak anserobic respiration in seeds of Ricinus communis

wvhich are very low in carbohydrate.
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GENERAL DISCUSSION

The purpose of this general discussion is to present a general survey
of the results, and compare the response made by different materials to
gimilar treatments.

In the experiments presented in this report, the periods of anaerobiosis
extended for longer times than have been used by most previous workers.

As previously explained, with thick storage organs, considerable time is
necessary for the free oxygen in the tissues to be dispiaced or used up
by oxidation. Not until the free oxygen is entirely absent in the tissue
is anaserobiosis possible. Much early work reports the anaerobic respiration
for short periods only, and the accuracy of such determinations is some-
times doubtful. When the anaerobic respiration is determined several days
in succession, it is possible to ascertain from study of the data, whether
or not true values are obtained. In some experiments, the value for

the anaserobic respiration would be much higher for the first day than for
the second. In such cases, it is considered that the preliminary period
was not long enough to secure complete removal of the free oxygen in

the tiésue, and thet a part of the carbon dioxide liberated during the
first day came from oxidation reactions.

There is considerable difference in the length of time that different
materisls withstand enserobic conditions without injury. Potatoes of the
Irish Cobbler variely seldom showed injury after a period of six days
without oxygen. McCormick potatoes, however, often showed considerable
injury, ie. black, sunken areas on the surface of the tubers, after four
days experience under anserobic conditions. Carrbts showed little or

no injury after a week in the absence of oxygen. Parsnips were similar
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to carrots in their response, but turnips indicated some injury at the
end of three deys. Tomato fruits withstood only three or four days an-
aeroblosis at a warm temperature before the tissue broke down, and the
Juice leaked out.

A study of the I/N ratios also shows that some materials withstand
anaerobiosis better than others., 1In some, such as cerrots, and parsnips,
the I/N values remained more or less constant for several days, while
with green sweet corn, the I/N ratios decreased steadily. A sharp
' increase in the I/N ratio, or of the anaerobic respiretion after a period
of anaerobiosis, usually indicates injury; and the rise is probably caused
by sutolytic actions.

The sugar content of potatoes seems to show some correlation with
the rate of aerobic respiration. Potatoes were stored at three temperatures,
220 Ce, 6450 C., and 2C., approximately. Those stored at the low
temperature accumulated the most sugar, and had the highest aerobic
respiration when removed to a higher temperature. Those stored at 6.5° C.
accumulated less sugar, and showed a less pronounced rise in the respira-
tion. The tubers stored at 220 C. were used as controls. Parsnips
accumilated some sugar during cold storage, but the respiration rate was
not increased at subsequent high temperature.

The results obtained with potatoés and carrots after treatment with
ethyl bromid;‘differ from those of Morkowin {1903} who found that stimulants
jnerease the aerobic and asnserobic respiration in the same proportionse.
Treatment with ethyl bromide resulted in greater stimulus to the aerobic
than to the anserobic respiration, both in potatoes end carrots.

Chudiakow (1894) found thet the I/N valies remained the same at

aifferent temperatures. With the potatoes used in this problem, the
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I/N values decreased more rapidiy at low temperatures than at high
temperature. On the other hamnd, the I/N values of green sweet corn
remained higher at the lower temperatures. The greater decrease of the
I/N values at high temperature may be explained by the fact that toxic,
or inhibiting, products of anaerobic respiration accumulate more rapidly
-at higher temperature and thus csuse a more rapid decresse in the I/N
values. INo explanation is advanced for the case when the I/N velues
decrease more rapidly at the low temperature.

Smirnoff (Kostychev, 1927) found that wounding increased both types
~of respiration to the same degree. Lutman (1926) disagreed, finding
thet wounding did not stimulate the anaerobic respiration to the same
extent as it did the aerobic. The experiments carried out in this work
support Lutman®s conclusions.

The initigl increase in the respiration of potatoes after a period
of cold storage is more pronounced in the aerobic than in the anaerobic
respiration.

The theory of the genetic connection of the anaerobic and the
aerobic phases of respiration is based in part on the fact that the two
phases have been found to respond to the same stimuli in the same
proportions. The results of some of the experiments mentioned above
show that the two phases of respiration do not alweys respond in the
same degree to certain stimuli. For this reason, some of the experimental
results do not support the theory of the genetic connection of the

anserobic and aerobic phases of respiration.



SUMMARY

Exposure to ethyl bromide gas; storage in nitrogen; wounding; and
& period of cold storage all resulted in a greater proportional incresase
in the aerobic respiration of potatoes than in the anserovic phase.

The I/N values for potatoes tended to decrease more rapidly during
respiration at a low temperature than at a high temperature.

The I/N values decreased more rapidly at high than at low temperatures
in green sweet corn, carrots, parsnips, and tomatoes.

The aerobic respiration of onions did not show an initial rise after
& period of cold storage, but was maintained at a high rate, whereas the
aerobic respiration of unstored onions decreased steadily. The anaerobic
respiration of onions was not stimulated by cold storage.

The sugar content of onlons increased slightly during cold storage.

Tomato fruits at the pink stage had & higher aerobic respiration
rate than green or red ripe fruits. Creen fruits had the highest anaerobic
respiration rate at 300 C., but the fruits in the pink stage had the
highest rate at 5.50 C. Red ripe fruits had the lowest anaerobic rate
at 300 C. and had avout the seme anaerobic rate at 5.50 C. as green fruit.

Carrots and parsnips both had comparatively high anaerobic respiration
rates. At warm temperatures, carrots consistently liberated more carbon
dioxide under anaerobic than under aerobic conditionse.

Parsnips d4id not show & pronounced initial rise in respiration after
e period of cold storage.

The sugar content of parsnips increased during cold storsage.

Turnips did not have a high anaerobic respiration; the I/N'values

varied from «4 to 8., The turnips did not withstand anaercbic conditions

well.
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Green sweet corn had extremely high respiration retes. The anaerobic
regpiration was much less fhan the aerobic.

There seemed to be a tendency toward hydrolysis of the carbohydretes
in sweet corn during anaerobic storagef Synthesis of higher polysaccharides
occurred in aerobic conditions.

Mature corn at low moisture percentages had very low I/N values.

As the moisture content was incressed, the I/ﬁ values also increased,
indicating a relative increase in thé‘anaeroﬁic respiration over the
gerobic.

Soybeans had a very low anaerobic respiration at the moisture per-

centages used, 13 to 23 per cent.
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