A STUDY OF TEE O¥YGEN RESPTIRATION IN CORN AND WHEAT KERNEIS

AS MEASURED BY THE WARBURG MANOMETER TECHNIQUE

By

Harold George Shirk

Thesis submittedto the Faculty of the Graduate School
of the University of Iaryland in partial
fulfillment of the requirements for
the degree of Doctor of Philosophy

1938



UMI Number: DP70164

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

Dissertation Publishung

UMI DP70164
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, M| 48106 - 1346



TABIE OF CONTENTS Pagze

I}IT RODU C T IOI\] e & e * & e e « o e & & 4 e+ & * e e s @ a s s @ l

" REVIEW OF IITERATURE o & & & & ¢ & v v 4 o« s o » o o o s « oo « 3

ADAPTATTON AND USE OF THE WARBURG MANCMETER AND A SPECTAL
RESPTROMETER FOR THE RESPTIRATION MEASUREMENTS ., « » « 5

Description OF annaratis « o o o« o ¢ o o ¢ « o s o o o 5
Calibration of the apparabiS o o « ¢ ¢« ¢ ¢ o ¢ e o ¢ ¢« 5
Absorption of carbon AioxXide « o« « ¢ o o o o ¢ ¢ o o o 10
Derivation of formula for calculating oxygzen absorbed 14

The Effect en Respiratiocn of Decreased Oxygen Tension in
the Constant Volume Respiromeler « ¢ o ¢ ¢ ¢ ¢ o o o 16

The Effect of Renewing the Oxygen Supply on the Oxygen
Respiration OF COIYTl « o o o o o 2 o « o ¢ o o o o o 18

The Effect of Oxygen Tension on the Oxygen Consumed in
Qorn TISSUE o « ¢« o o o2 8 6 % 8 0. % 2 ¢ & » » s = » 22

ANALYTICAL METHODS s & & e e e » 3 8 - s e ® ® & & e o & o 28

Sampling‘ @ & o & 8 © * B ° 4 € @« ® & & o 8 & °® 8 e 28
Voisture ; e & s 8 ® 6 8 & ® o & o & o & 6 0 8 & » 28
Sugars e o o o & ®» 8 e o ® & e & 6 & @ 6 ¢ s o @ 28

EXPERTMENTAL RESULTS 2 o ¢ o o o o ¢ o o o o ¢ 2 ¢ » o 2 o @ 30

Relation of Resniration to Moisture and Sugar Content at

Different Stagessof Ripening + « « o ¢ o ¢ oo o o @ 30
SWeel COTIL o o o o o ¢ o 5 s o o 8 ¢« o = o o o o @ 30
TIild COTML o o o 5 o. o« ¢ s o o s s o s o o o v & & 24
Theat s o o o s a2 s 4 0 8 5 s 8 8 6 s s e e » 38
Time rate of respiration and sugar content after storare
at different temperatires « o« ¢ o o o a o ¢ o o » a4
SWEEE COPTL o o o » ¢ « o o o o o & o 0 ¢ ¢ o 8 ¢ o 44
Tiedd COIIL « o ¢ o« o o o o o o ¢ o & a » 5 3 a o @ 6L

(1851



SUMMARY . . . .
LITERATURE CITED

AGKNOWILEDGMENTS

ii
Page
L L ] L] - L ] L] - L4 [ 4 L] < L ] [ ] L] [ ] - [ 3 . - * 7 1

. . . - - - - L) - - - * L L] L] - L] L] - * 75

s & @ L] * & > e @ L] s . o o L [ ] .0.75



INTRODUCTION

The study of the relation of the water content in cereazls to their
respiration and storage has been studied rather extensively but this work
has been confined. mainly to the water imbibed by mature grain. The chief
purpeose of the investigationreported in this paper was to study the ef-
fect on respiration of the changing percentage of natural water in wheat
and corn during the ripening and maturing period, and duvring storage under
differ-nt conditions.

In previous work on imbibed water and respiratory intensity the res-—
piration of .the grain at any given moisture content was determined at
some one time after the moisture content had been raised. It was assumed
that the time rate of respiration wuld be constant. In this investiga-
tion emphasis was placed on the time rate of respiration for each different
percentage of moisture. It is very likely that the changing ratio of free
and bound water in c ereals will prove very important in solving some of
the perplexing problems concerning water relations in cereals. This phase
of the general problem is to bé investigated.

Most of the investigations on the respirstion in cereals have been
carried out by research methods of a macro nature in which the carbon
dioxide evolved was measured. With the introduction of manometric methods »
such as that irvolving the use of the Warburg mesnometer and a constant
volume type of respirometer, one may very conveniently and accurately
study the oxygen respiration of small guantities of material for long or
short periods. The first part of the present investigation was concerned

with the adantation of this manometric technique to the type of plant



material used in this study.

Because of the rapid changes in the relative percentages of the
different carbohydrates in corn during ripening and under different
storage conditions, considerable experimental data on the correlation

of different sugars to respiratory intensity of corn are included in

this paper.



REVIEW OF LITERATURE

As early as 1901 Kolkwitz (12) found that barley kernels with
10 to 11 percent moisture liberated only .35 mgm carbon dioxide per
kilo per hour, while kernels with 19 to 20 »nercent liberated 3.69
mgm. After the moisture content was 33 percent 2000 mmm of the gas
was given off. Bailey (4) in 1921 showed that corn with 15 to 16
percent moisture respired about & times greater than grain with 12
to 13 percent moisture. Bailey and Gurjar (5) observed that wheat
at 17.1 percent moisture reépired about R0 times greater than wheat
with 12.5 percent moisture. The same investisators observed the same
effect of moisture on the respiration in rice.

Baklce and Noecker (7) have applied manometric methods to 2
study of the oxyzen consumption as effected bv the moisture content
in oat seeds. The same ceneral relation was found in that the res—
niration increased markedly between 16 to 17 percent moisture.

Gerber (10) in 1900 made a comparative study of the oleaginous
seeds during their development. The volumes of oxyren consumed and
carbon dioxide evolved were measured. Linum seeds were studied from
the time the grains were 1lirht green on June 15 until they were brown
on June 27. The volume of oxyrzen decreased from 897 cmm on June 15
to 101 emm on June 27. The R. Q. also fell from 1l.31 at the begin-
ning to 0.64 on June 27. Green castor beans were studied from the
time a sinecle fruit weished 0.10 grams till the welzsht increased to
3.15 grams. The oxygen consuned was hishest when the fruit weiched
2.15 grams, and the lowest when the browmed fruit weighed 1.20 grams.
With the development of the fruit the R. Q. increased from 0.81 to

1.18 and with browning and loss of water fell to 0.41. Rape seeds



were also studied and were found to give results similar to those
reported for the castor bean.

McGinnus and Taylor (13) in 1923 studied the effect of respiration
upon the protein percentage of wheat, oats, and barley. Kernels of the
grain were onalyzed and tested when they still contained 40 percent
moisture. The respiration changes were studied a2t 30°C. by collecting
the carbon dioxide evolved. The respiration rate of wheat fell gradually
from 120 mgm carbon dioxide per 100 grams dry weight per hour at 46 per-
cent moisture, 55 mgm at 33 percent, to 16 mgm at 12.7 percent moisture.
The lowest rate of respiration of 7.9 mgm was observed when the grain
contained 15.1 percent moisture. It was concluded that the protein
composition was influenced to a marked degree by the loss of carbo-
hydrate - material during ripening but factors other than respiration
or those in connection with the process contribute largely to the
formation of high protein grains.

Appleman and Arthur (2) stored green Stowell's Eversreen corn at
0°, 10°, 20°, and 30°C. and studied the carbohydrate changes. The
percentages of total sugars lost in 24 hours at the respective temper-
atures were 7, 16, 25, and 50 percent. By the end of 4 days storage
at 20° and 30° the concentration of suzars became constant, the hisher
temperature hastening the time for equilibrium to be reached. Appleman
(3) also showed that respirstion in sweet corn as measured bv the
evolution of carbon dioxide, is very hi~sh when the corn is first pulled

but it falls off rapnidly with storase.



ADAPTATION AND USE OF THE WARBURG MANOMETER AND A
SPECIAL RESPIRCMETER FOR THE RESPIRATION LEASUREMENTS

Description of apparatus.--The Warburgz manometer attached to a

special constant volume type of respirometer is shown in figure 1.

The resviring system gives off carbon dioxide and consumes oxygen dur—
ing the oxidation-reduction reaction. In the respirometer used in this
study a receptacle is provided in which 4 cc of a 15 percent potassium
hydroxide solution is placed to absorb the carbon dioxide given off.
With the respiring material in a closed system and the carbon dioxide
being continuously absorbed, the net result is a decrease of pressure
in the system due to the removal of some of the oxygen. This decrease
in pressure is measured by the Warburg manometer. Then the decrease
in pressure is known, it is possible to calculate the amount of oxygen
consumed.

The Warburg manometer consists of a U-shaped tube o?ﬁairly uni-
form bore about 0.9 sg. mm. in cross—-sectional area. The tubes are
mounted on a wooden frame the lower end of which bears a brass slide,
by means of which the whole may be fastened to a thermostat. The
vertical sides of the tubes are graduated in millimeters for a dis-
tance of 30 em. A suitable white background is mounted behind the
tubes to facilitate reading the level of the liguid. At the bottom
of the U-shaped tubes there is an outlet to which a rubber tube closed
at one end is attached. By placing an adjustable screw clamp on this
tubing it is possible to raise or lower the liquid in the manometer
to any position desired.

The liquid used is a Brodie's solution the composition of which

is es follows:
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Tigure l. Warburg Menometer

Stoncocks 7
7 tube of Tarburg menometer 8.
with a calibrated scale
etched on the tubes. Oe
A white cardboard hackground. 10,
Manometer licuid (Brodie 11.
solution) e

12.
Tooden framee.

13.
Rubber reservoir.

14.

Adjustable screw clampa
Glass reservoirs
Connecting tube.

Glass stopper.

Cround glass Jointse
Recentacle for alkali.
Experimental vessel.

Brass frame to attach
manometer to thermostate.



500 ccs water
23 g sodium chloride
5 g sodium choleate
A few drops of an alcoholic thymol soluvtion
One end of the manometer is open to the air; the other end carries
a tube which ends in s standard taper to f£fit the opening in the respi-
rometer. The respirometers used in this study are rather large in com-—
parison to the type usually used in réspiration studies. The size obvi-
ously allows the use of larger samples of tissue. The volume of the
respirometers varies from 82.75 to 98.01 cc. They vary in external di-
mensions but average 9 cm in length, 4 cm in width, and 2.5 cm in depth.
The diameter of the opening through which the tissue passes is 2.5 cm.
They were designed by Dr. C. 0. Appleman.
The tube leading to the respirometer bears a side tube which has
a stopcock inserted. This is used to release the negatlive pressure
built up by the continuous removal of oxygen by the respiring material.
Turning the stopcock to the open position allows air to enter and a-

gain equalize the pressures on the two columns of liguid.

Calibration of the apparatus.--The calibration of the apparatus

consisted mainly of two steps; the first, finding the volume of the
gas space in the closed system, and second, determining the density
of the Brodie's solution.

The volume of the gas space was determined by two different meth-
ods. In the first procedure the volume was measured by determining
the weight of mercury occupied by the space. In the second method a
chemical reaqtion was carried out in the respirometer with the liber-

ation of a known smount of gas.



The experimental vessel was first attached to the manometer and
filled with clean mercury. The ground glass stopper was then insert-—
ed, which forced the mercury up the connecting tube to some level that
was marked. The vessel was then detached and the mercury weighed.
Secondly, with the stopcock (1 in fig. 1) closed, the manometer was
inverted and filled with mercury so that the level stood at the line
marked on the connecting tube; the other level of mercury was then
read on the calibrated scale. This mercury was then poured out and
welghed.

The third step in this method of calibration consisted in obtain-
ing the volume from the point read on the calibrated scale down to the
150.0 mm mark. This mark was arbitrarily chosen as the reference point;
any other might have been chosen. This volume was obtained by getting
the cross—sectional area of the bore. This was done by placing the
manometer in the normal position and then filling with mercury, with
the screw clamp at the bottom closed. Enough mercury was added so
that the level in both limbs stood at the 300.0 mm mark. The screw
clamp was then opened and some of the liquid allowed to run into a
previously tared weighing bottle. Another reading of the mercury lev-
els was taken. The cross-sectional area of bore was then easily cal-
culated. This data also showed at the same time the uniformity of
the bore. Knowing the cross-sectional area per centimeter length of
tube made it possible to calculate the volume from the original read-
ing down to the 150.0 mm mark.

With these three values the volume of the gas space was calcu-
lated knowing the density of mercury at the temperature in the labo-
ratory. Triplicate determinations were made with each of the six

manometers and their corresponding respirometers.



The second method of calibrating the apparatus was the simpler
and probably the more accurate. A known amount of carbon dioxide was
liberated from the action of a 10 percent sulphuric acid solution on
an accurately weighed amount of sodium bicerbonate, usually 15 to 20
mg. Because of the great increase in pressure at the time the gas was
liberated mercury was substituted for the Brodie's solution in the
manometers. After all the carbon dioxide was liberated the manometers
were read by adjusting the mercury level in the column attached to
the respirometer to the 150.0 mm mark and reading the level in the
left hand column. (open limb of the manometer.) By substituting the
value h, which is the height of the mercury column above the 150.0
mm mark in the open limb, and x, the amount of gas produced, Vg, the
volume of the gas space may be calculated using the equation:

_273

- (v T )
R

To insure that the theoretically calculated amount of carbon
dioxide was being produced, a series of reactions was made to take
place in the respirometers with 4 cc of 15 percent potassium hydrox-
ide solution in the receptacles provided. Tt was found that absorp-
tion of carbon dioxide by the alkali solution as noted by the first
noticeable decrease in pressure started about 50 to 60 seconds after
the reaction had been started. The vessels were left in the thermo-
stat 24 hours before the alkali was titrated. Triplicate titrations
were made; 1 cc of solution was used for each titration. A few
crystals of barium chloride were added to the alkali to fix the
carbon dioxide present as barium carbonate. The excess alkali was

neutralized, with phenolphthalein as an indicator. Then 8 drops
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of an 0.0l percent methyl orange solution were added and the titration
continued till the usual pink color was obtained. Hydrochloric acid of
0.0735 normality was used for the latter titration. The average titrated
values varied about 2.0 percent from the calculated values of the milli-
grams of carbon dioxide. Four determinations of the volume of gas space
by the liberation of carbon dioxide were made.

Variations in the determinations of the gas space volume by weighing
of mercury method and the gas liberation method were no greater than
2.5 percent. The average value of the determinations was taken as the
Vg in the formula given below.

The density of the Brodie's solution was determined by the picnome-
ter method. Duplicate determinations were made. The average density at
25° C was 1.028 g- per cc.

Absorption of carbon dioxide.—~It has been shown by Dixon and Elliott

(9) that considerable error in the first readings may be introduced when
measuring the oxygen consumption of a system by manometric methods if
sufficient time is not allowed for the equilibrium rate of absorption of
carbon dioxide by thealkali solution to be reached. If the t aps are closed
before a steady rate of absorption has been reached, the manometer readings
will be too low. Therefore it was necessary to determine experiwentally the
time required for ecuilibrium to be reached.

From 2 te 3 mg of sodium bicarbonate were placed in one corner of the
respirometer, and 0.2 cc of a 10 percent sulfuric acid solution in a cor-
ner opposite the salt. The receptacle was provided with 4 cc of the 15
percent alkali solution. The respirometer to which the manometer was
attached was immersed in a constant temperature water bath for one hour.

At the end of this time the respirometer was tilted to bring the acid in

contact with the bicarbonate. The amount of carbon dioxide present at



varying times after the start of reaction was calculated. The rate
of absorption of the carbon dioxide by the alkali solution is shown in
figure 2.

The formula given by Dixon and Elliott was applied to calculate the
time when 99 percent of the amount of gas present at infinite time was in
the respirometer.

1) x=_z_(1— &
[+]

where x = volume of carbon dioxide (cmm) in gas phase of respirometer at any
instant,

r = rate of evolution of carbon dioxide in cubic millimeters per minute,

c constant depending on respirometer,

t

time in minutes.
At 99 percent equilibrium, x = 99 X ;

where X, from (1) above is 7 .
c
4,6

% e

t

The rate of absorption is equal to cx or to the tangent of the absorp-

tion rate curve.

¢ = valve of tangent _
x (amount of gas present at point of tangency

The values of the necessary data have been calculated and the tgg%
determined. The data are given in table 1.

From the calculated values of tggy it is seen that 30 to 35 minutes
should be sufficient time to allow for an equilibrium to be reached in

the respirometers.
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Table l.--The time required for 99 percent equilibrium of the absorntion of
CO2 to be attained, and other data necessary for the calculation.

———— e pn s -

Respirometer , Time after start

Gargon c—l-ioxide-'

Value of

et A A —

__pumber . of reaction . present Tansent c_._10—2 . tooy
: min : cmm : : ¢ min
: 4 : 441.,5 ; 70 ; 15.9 : 29
2 ; 9 : 190.7 ; 27 ; 19.4 ; R3.7
; 13 ; 972 ; 18.3 ; 18.8 ; R4.4
: 3 : 201.1 42.5 :  14.6 : B5L.5
3 ; 8 ; 131.3 : 20.0 ; 15.2 ; 30.2
: 11 ; 86.8 ; 14.1 ; 16.2 ; 8.3
4 : 511.5  :  73.0 1 14.5 & 2.2
4 ; 10 ; 205.7 ; 35.0 ; 17.0 ; 7.0
15 : 107.1 :  17.2: 16.0 i 28.6
z P ; 32040 ; BR.5 ; 1¢.5 ; R3e5
6 ; 6 ; 155.7 27.5 ; 17.6 26.0
: 10 ; 7849 : 15.5 ; 19.7 ¢ 23.4
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Derivation of formula for calculating oxycgen gbsorbed.—-—Vhen oxygen

measurements are being made a negative pressure results in the respirometer;
this is shown by the difference of levels in the manometer (see fig. 1).
The reading of the apparatus is obtained by subtracting the reading in
the open limb when the right column is at 150 mm from 150.0. Still another
reading must be made at the same time the experimental manometer is read.
A thermobarometer, which is o manometer with a vessel containing a 1little
water, is read. The thermobarometer reading takes care of any temperature
and barometric changes that may have occurred since the last reading. The
corrected level of the Brodie's solution below the 150.0 mm mark is the
h in the equation.

For convenience, 21l volumes are expressed in cubic millimeters,
21l readings in millimeters, and all pressures in millimeters.

V.= volume of gas space.

g
T

absolute temperature of the water bath.

P initial pressure in the vessel (in general equal to the barometric
pressure).

Pg = the normal pressure (760 mm of Hg in mm of menometer fluid).

P vapor pressure of water at temperature T.

Then the initial amount of gas at standard conditions in the gas space
is:

Ve x 2783 xP—0p
= T Py

The final amount of gas in the gas space is:

Vg x 273 x P=p *+h
T Po

Now obviously the amount of gas absorbed, x, is equal to the differsnce

of the gas initially present and the final amount of gas.



X = (VF X278 xP~p+h) - (y. x273xP - pg
& PO

( T Po ) ('8 T
()X =4, ( 273 )
S Rl
( Po )

It must be remembered that no account of signs was made in the
derivation. When measuring oxygen absorption h will be negative
(negative pressure), so that X is equal to a negative quantity in-
dicating that the gas is consumed.

The quantity in brackets is a constent for any given manometer
and respirometer at a given temperature. This quantity is then
known as the constant, X, of the set. It is obvious that each sample
of tissue placed in the vessel requires the calculation of a new
constant. The value of Vg for any particular experiment is then
the combined volume of the tissue and the alkali subtracted from
the volume of the gas svace. Substituting this new value of Vg
in the equation simply reduces it to
(2) X = hKo

Ko is the constant when the corrected Vg is used. Po in equation
(1)is easily calculeted by the followingz formula:

Py = 760.0 x 13.54
D

where D is the density of the Brodie's solution. (1.028 at 25°C)

A mercury thermoregulator was used which held the temperature
of the water bath at 25°C x .02°.

The spparatus was originally designed to measure the oxygen ab-
sorbed by pieces of tissue immersed in a solution. In this study
the shaking appaeratus was not used since the tissue was placed in

the vessel in the absence of a liguid.
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Effect on Regpiration of Decreased Oxygen Tension
in the Constant Volume Respirometer

The effect of the oxygen tension on the respirstion of the plant
tissue will depend on the type of tissue and ﬁhe condition when it is
studied. Miller (15) very generally says that the respiration intensity
is not mearkedly changed mhen the oxygen supply is reduced to one-half
that normally present in the air. According to Stich (19) the oxygen
absorption is largely independent of the oxygen tension of the environ-—
ment until the content in the air is reduced to 5 to 8 percent. The
production of carbon dioxide is weakened only when the oxygen content is
reduced to 2 percent. These values, of course, vary with different tissues.
The R.Q. for the seedlings of wheat and corn becomes superior to unity at
3 percent oxygen; for cats at 5.5 percent; and for bulbs of.narcissus at
10.5 percent oxygen. The respiratory quotient was 1.04; at 7.5 percent
oxygen, it was 2.37.

Chevillard, Hamon, Meyer, and Plantefol have studied the respira-
tion-oxygen tension curves of fragments of potato tissue, turnip, mush-
room, and lezves of cress. Theproduction of carbon dioxide from potato
tissue was not influenced until the oxygen tension fell to 5 percent. The
oxygen consumption as concluded from the graphs presented seemed.fb'be.in—
fluenced at any concentration less than the normal 2Q8 percent. The R.Q.
rose with a decrease in oxygen tension. The value in air was 0.98; at
10.3 percent oxygen, 1l.10; 5.1 percent, 1l.50; 2.0 percent, 1.84; 1.2
percent, 3.2. For turnip tissue the R.Q. varied from the normal value
of 1l.24 to 1l.50 at 5.4 percent oxygen. The leaves of cress showed an
average R. Q. of 0.80 at oxygen tensions of 0.9, 16.0, 9.0, 3.3, and

1.4 percent.
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As pointed out by Steward, Berry, and Broyer (18), Chevillard and
his collaborators did not have a fixed concentration of gzas present
throughout the entire period of experimentation with a given series.
Steward and his group found with a continuous flow of gases of various
concentrations of oxygzen the potato tissue at 13.0 per cent oxygen had
a relative carbon dioxide output of 98.3, assuming 100.0 as normal; at
3.8 percent oxygen, 79.3; and at l.4 percent, 56.7. These values indicate
that the carbon dioxide production was influenced at about 13 or 14 percent
oxygen rather than 5 percent. Similar data were presented for carrot and
artichoke tissue.

Mack (14) found that there was no significant decrease of the carbon
dioxide production at 25° of 100 wheat seedlings until the oxygen content
was lowered to 3.1 percent.

Thomas and Fidler (21) reported that in young apples a minimum of
carbon dioxide production occurred between 3 and 5 percent oxygen.

Tang (20) in 1933 summarized the more recent studies on the rate of
oxygen consumption by plant and animal tissues as a function of the oxy-
gen tension. The oxygen content at the point of influence on the respir-
ation rate is defined as the critical oxygen tension.

Because of the lack of adequate information on the effect of decreased
oxygen tension on the oxygen respiration of plant materials and the contra—
diction of some of this information a study was made on this effect on two
varieties of corn. This work is also presented as a precaution to be ob-
served when manometrically measuring the oxygen respiration with a con-
stant volume respirometer of actively respiring material.

7ith the constant volume type of respirometer and a highly respiring
system it is possible conveniently to make such a study. With the con-
tinuous removal of oxygen from the gas space by the respiring material we

have a means of gradually changing the oxygen tension and at the same
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time of measuring the rate of oxygen consumption with the Warburg

. manometer. Preliminary experiments with milk stage field corn have
shown that the critical oxygen tension can bhe obtained with 10 to
1R grams of material in 2 to 3 hours.

Effect of renewing the oxygen supply on the oxygen respiration

of corn.——Stowell's Evergreen corn in the milk and dough stages was
used for one study. Four experiments were performed with the respi-
ration rates of the samples differing in each experiment. In all of
the experiments 30 kernel samples were used. In experiment 1 and 2
the samples weighed 7.3 to 8.7 grams. With the more mature corn used
in experiments 3 and 4 the samples weighed 12.8 to 13.3 grams. Three
experiments were made with the Reid's Yellow Dent field corn in dif-
ferent dough stages. The 30 kernel samples weighed 13.1 to 14.6 grams.

In each exberiment one sample of the corn was placed in the res-
pirometer and left there undisturbed for 10 to 12 hours. This is
called the unaerated sample. Another sample taken from the same ear
of corn was given an adequate supply of oxygenicontinuously. This
was accomplished by removing the larse ground glass stopper from the
respirometer every 2 hours and supplying fresh air to the gas space
with the use of a suction. This is known hereafter as the aserasted
sample.

The data showinz the effect of aerating and unaerating respiration
samples of Stowell's Evergreen corn are given in table 2 e« Similar
data for the study on the field corn are given in table 3 . The re-
sults from both studies are presented in fig.é .

As might be expected, the faster the oxidation process the more
rapid the depletion of oxygen in the gas space and the more rapid is

the decrease in the rate of respiration. This may readily be seen by
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Table 2 —Effect of aerating the samples during the respiration tests
of Stowell's Evergreen corn ab 30°C. The (a) indicates the
period during which the aeration was performed.

e e e & m

Oo per gram fresh weight per 15 minute period indicated
Empperiment 1 : Experiment 2 Experiment 3 : BExperiment 4

I5 minute :fAerated: Un- therated ¢ Un-~ :tAerated : Un-~ :Aerated: TUn-—
periods taerated @ ragrated: taerated: saerated
s ChiM. cmm :  cmm ¢ cmm : cmm T cmm : cmm ¢ Cmina
1 ¢ B88.6 ¢ 92.7 67,1 ¢ 67.9 2 68.6 * 65,6 ¢ 53.8 ¢ 58,4
2 ¢ 98,7 ¢ 91,9 ¢ 67.0 ¢ 67,7 * 68,2 ¢ 67.4 ¢ £58.8 * 58,3
3 : 87.8 ¢ 90.,2 ¢ B86.3 ¢ B6.8 ¢ 66,0 * 8B5.8* 57.8 ¢ 57.1
4 : 86.4 * 87.8 ¢ 64.9 ¢ B85.5 ¢ 64,1 ¢ 63.3 * 55.7 * 56.1
5 : a LI, : a P P Bl.7 * Bl.2 * 54,0 : 53.8
6 i 83.2 ¢ 80.3 ¢ 83,2 ¢ Bl.5 * a : —_ 3 a S
7 : 85.6 : 80.4 : B4.7 : B0.,4 : 63.7 : 56.0 : 55.2:: 52.0
8 : 83,7 3 T7.4 2 B4.7 ¢+ 58.9 ¢+ B85.0 : 53,6 : 57.2 : 5l.1
9 : 83.1 ¢ 75.1 : 64.8 ¢+ 57,9 : 63.1 : 50,3 : 55,4 : 48.9
30 : BR.5 : 72.6 : 63.%3 ¢+ 55,6 ¢+ 61,8 : 47.8 : 53,9 : 48,3
13 : 8l.). : 69.9 : 2.2 ¢ 54,3 : —_— : — e 38 e
12 : 79.6 1 B7.6 62.3 ¢+ b52.6 : —— : — 2 - t J—
13 H a $  — : a : —_— —_— : _— P e
14 : 76,4 : BR.2 : Bl.4 ¢ 49.8 : —— : — e P e
15. : 79.7 ¢ 59.5 B2.7 = 48.2 : =& P e 2 J—
16 s+ 79.1 ¢ 55.8 : 61l.9 ¢ 45.8 : — : —_— - R
37 : 78.6 : 53.4 : BR.R : 44.4 : —_— : e : -
18 : 78.6 ¢ 50.7 6l.l = 42.8 : —— : — e : -
19 : Fal 2 - : a : —~— 2 e : —_— - g e
20 L Jp— S s — : — 1 B0.5 : R20.2 : 50.6 : 32.2
21 - b J— : — : - 3 B8.2 : 16.3 : 49,2 : 29.6
R ! - P : — : — ¢t Bh5 t 13,7 : 47.7 : R27.8
23 ? - $ - : —— : - 1 - H — - : -
24 s TB.3 3 37.2 8l.0 ¢+ 33.7 1 —— : —_—t - —
25 s 75.2 33.4 @ 6.1 30.8 3~ : — 0 e T
. e . . N . . .




20

Table 3J.--Effect of aerating the samples during the resmiration tests of

Reid's Yellow Dent corn at 30°C.

during which the aeration was performed.

The (a) indicates the period

: 02 _per gram fresh weight per 15 minute period indicated

15 minute : Experiment, 1 : Experiment 2 : Experiment 3
periods : _Aerated: Unaserated : Aerated : Unserated : Aerated : Unsersted
: Cmm 3 Crm : Cmm : Crm : Cmm : Crom
1 : bB8.8 i 56.8 : 53.2 : 5l.4 : 33.3 : 33.5
2 : 58.7 = 57.9 : SRe4 : 50.8 s 34,0 : 34,5
3 : 58.3 ¢ 57.4 : Sl.2 : 50.2 : 33.4 : 34,1
4 : 57.6 56.5 : 50.2 : 45.0 : 33.0 : 33.4
5 : 56,5 : 55.4 : 50.0 : 48,6 : 33.1 : 33.4
6 : 55.0 53.6 : 48,5 : 47.1 : 3R.3 : 32.9
7 : a : 523 : 47 .6 : 46.3 : a : 31.8
8 : 54.6 = 51.3 : a : 44,6 : 32.3 : 3.1
9 : 55.5 = 48.8 : 49,0 : 43.8 : 33.2 : 31.8
10 : 54.9 @ 46.9 : 51.2 : 42.4 : 3.0 : 30.6
11 : 53,7 ¢ 45.1 : 5l.4 : 40,7 : 31.8 : 30.3
12 : 53.1 : 42.9 : 5049 : 39.2 : 31.6 : 9.8
13 : 5l.4 : 40,1 : 50.2 H 375 : 31.1 : 28.9
14 2 a : 37.3 : a : —_ : a : 8.1
15 : —_— : —_ : — H — : —— : —
16 : —_ : —_ : —_ : — : — : —_
17 : : —_— : — : — : — : —_
18 : 5.4 : 29.9 : 50,9 : 3067 : 31l.3 : 26.4
1% : 50.7 27.8 : 50.5 28.9 : 31.0 : 25.9
20 : 49,8 = 25.2 : 50.0 : 27.0 : 30.9 : R5.2
21 : — : — : 48.5 24.5 : —— : ——
22 : —— : —_— : 48,0 R34 : — : —
23 : —_— : - : a : R0.7 : —— : —
24 : — : — : 46,9 : 18.8 : — : —
25 : — : — : 48.0 : 16.8 : —_ : —_
26 : — : J— : 48,0 : 15.4 : J— : —_
27 : —_— : — : 47.1 : 13.2 : —_ : —_
28 : — : — : 46 .6 : 11,4 : — : —_
29 : —_ : — : 45,5 : 0.7 : —_ : —
30 : — H — : a : 8.7 : p— : —
31 : —_— : —_— : 45.9 : 6.4 : —_ : -
z9 : —_ : —_— : 45,6 : 5.7 : —_— : ———
33 : —_ : — : 44,9 : 4.4 : — : ——
34 : —— : - : 44,3 : 3.5 : — : V.
35 — : —_— : 43.5 : 2.6 : - —_—
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comparing the first four experiments in fig. 2. No accurate conclusion
can be drawn, however, by comparing slopes alone since the volumes of
the respiromgters and the weights of samples in the various experiments
are not the same.

There were certain periods when readings could not be taken; during
this time the stopcocks were left open. The time when readings were
not taken is indicated by the larger dots on the curves. It is con-
cluded that the diffusion of gases is not fast enough to bring the oxy-
gen content back to its normal value in the respirometer when the stop-
cocks are left open for 60 to 75 minutes. This was shown in 21l cases
byvthe fact that the slope of the respiration curves remeined practically
constant.

After sufficient data were obtained with the unaerated samples ;
they were aerated. These points of aeration appear on the right hand
side of the gravhs. In all cases the resniration rate increased or
it appeared that 1t would increase to the normal rate. The arrows at
various points along the curves indicate the times of aeration. i

Effect of oxygen tension on the oxygen consumed in corn tissue.—-

TWith the data given in tables 2 and 3 and using the gcraph to supply

any missing values from the tabies the oxyzen tension was calculated
at different periods. In the calculation the total amount of oxyren
present in the gas space after the alkali solution and respiration
sample had been placed in the respirometer wss calculated. From this
value was subtracted the amount of oxygen absorbed by the tissue. The
amount of oxygen remaining was calculated as percent oxygen assuming
20.8 per cent as the normal content. The amount of oxygen consumed
during the 2 minutes between the reading of the manometer and the

closinge of the stopcocks again was always taken into account.



At the end of a 15 minute period the stopcocks were opened. Ee-
cause of the negative pressure exdisting in the respirometer due to the
absorption of a certain volume of oxygen it was assumed that an equal
volume of air rushed into the respirometer. Another volume of air
entered the capillary of the manometer equal to one-half the difference
of the heights of the manometer fluid multiplied by the cross—séction;
al area of the cgpillary. This volume of oxygen was calculated for
each opening of the stopcock and was added to that amount of oxygen
still remaining. 1In general, the amount of oxygen present after the
stopcock was opened was always greater than before it was opened by
approximately 0.208 times the ambunt‘of air that rushed into the sys-
tem. The amount of air rushing into the system was dependent on the
amount of oxygen consumed.

Since one sample of the duplicates was always aerated we had the
normal respiration rate of the tissue. The percent decrease in respi-
ration was calculated using the data of tablés é and 3.

The data for the decrease of the respiration rate with the lower-
ing of the oxygen tension are given in tables 4 and 5 and presented
sraphically in figs.4 and 5.

The curves for the two varieties of corn are seen practically to
coincide excent in the lower oxygen tensions where the error in calcu-
lation may be large. The critical tension for both varieties of the
grain appears to be between 15 and 16 percent oxygen or between 114
and 122 mm of mercury.

T+ 4s thus seen that by using actively respiring systems in the
constant volume type of respirometer the critical oxygen tension point

may be reached. The time required to reach this point will depend on
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of the oxysgen respiration in Stowell's Evergreen corn as affected
oxygen tensions.

Experiment Number _

1 : 2 : 3 : 4
Jxygen : Decrease in : Oxygen : Decrease in : Oxygen : Decrease in : Oxygen : Decrease ir
‘ension : Nespirstion : Tension : Respiration : Tension : Reswniration : Tension: Respiratior
'‘ercent : Percaont : Fercent : Percent : Percent : Percent : Percents Percent
17.8 : 0 : 1g8.1 s 0 : 17.5 H 0 : 18.5 @ 0
17.0 : 0 : 17.3 : 0 : 18.3 : 0 : 17.6 0
16,3 : 0 + 16.8 : 0 : 15.2 : 0 : 16.9 0
15.5 : o] : 16,6 : 0 s 14,0 : 0 ¢ 16.1 : 0
14.2 : 3.5 : l1l4.8 : Re7 : 11,1 : 12.1 : 15.4 0
13.5 : ol s 14,2 : 6.6 : 10.2 : 17.5 : 13.9 @ 5.7
12,9 : 7e5 : 13.5 : 8.9 : 2.3 : 20.2 s 13.2 ¢ 10.7
12.2 H 9.5 : 12,9 : 10.56 H 8.5 : 2.6 : 12.5 @ 11.6
11.6 : 1.0 : 1R,.3 : 12.1 : 2.5 : 66.6 + 11.9 10.4
11.1 : 1%.8 + 11.8 : 12.6 : 23 : 71.9 : 7.0 36.2
10,5 : 15.1 « 11,2 : 15.6 : del : 75.3 : 6.6 39.8
9.2 : 12.8 :  10.2 : le.8 : —— : - : B3 41.7
8.7 : 5.4 : 9.7 : 23.0 : —_ : — S : —
8.3 RS.4 : 0.2 : R6.0 : — : — FR— : —
7.8 : 32.0 : 8.7 : 28.6 : —— : —_— 2 - : —_
7.4 : 35.5 : 6.4 : 44,9 - : — CJ— : —_—
5.7 : 5l.2 s 6.1 50,3 : _— 2 — P : _—
5.4 : 55.5 : —— : — s — : —_— R : —_—

|
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Table S5 .--The decreasse of the oxygen respiration in Reid's Yellow Dent corn
as affected by decreased oxygen tensions.

Experiment Number

1 3 2 e : 3
Oxygen ¢ Decrease in : Oxygen : Decrease in : Oxyezen : Decreage in
Tension ¢  Respiretion : Tension : Respiration : Tension : Respiration
Percent : Percent : Percent : Percent ¢ Percent : Percent
18.9 : (5] : 18.2 : 0 : 19.7 H 0
17.9 : 0 : 17.3 : 0 : 19.1 : 0
17.0 : 0 : 16.4 : 0 : 18.5 : 0
16,0 : 0 : 15.5 : 0 : 17.9 : 0
15.2 : 0 : 14.7 : 0 : 17.4 : 0
14,3 : 246 : 11.5 : 10.5 : 16.8 : 0]
12.6 : 6.1 : 10.7 : 17.1 : 16.3 : 0
11.8 : 12.2 : 10.0 : 20.8 : 15.8 s 0
11.0 : 14.5 : 9.3 : 3.0 : 15.3 . : 44,3
10.3 : 15.9 : 8.7 : 25.4 : 14.8 : 4.5
0.6 : 19.1 : 6.4 : 39.6 : 14.3 : 5.0
9.0 : 21.9 : 5.9 : 42,7 : 13.8 : 5.7
Ge3 : 41.8 B 5.5 : 48,0 : 13.3 : 7.0
5.9 : 45,2 : 5.0 : 49,4 : 11.1 : 15.5
5.5 : 49,3 : 4.6 : 51.2 : 10.8 : 16.5
—_ . —_ : 4.5 : 55.8 : 10.2 : 18.6
—_ : - : 4,0 : 59.9 : —— : —_
—_— : —_— : 3.7 : 65,0 : —_— : ——
—_ : —_ : 2.5 : 67.9 : —_ : —_
—_ : —_ : 3.3 : T1a9 : —_ : ——
—_— : — : 3.1 : 7545 : — : ——
— : —_ : a7 : 86.0 : —_— : —_—
—_— : — : 2.6 : 8745 : —— : —_
—_— . —_— : 2.5 : 90.2 : —— : —-—
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the size of the sample, the rate of oxygen respiration, the volume

of the respirometer, and the critical oxysen tension of the material.
The smaller the sample, the lower the rate of respiration, and the
larger the respirometer the less likelihood will there be of depleting

the oxygen supply to the point of influence on the respiration rate.
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ANATYTICAL METHODS

Sampling.--Three rows of kernels, plus the residual kernels
left in the row from which the respiration sample was taken, were
removed from each ear of corn in each lot. After the sample was
ground to a fine pulp in a Nixtamal mill it was thorouchly mixed
and samples were removed for analysis.

Moisturef--From 4 to 5 g of pulp were weighed in a tared watch
glass and dried to constant weight in a vacuum oven at 80°C under
3 to 4 em pressure. Entire corn kernels were dried when the sample
contained less than 45 to 50 percent moisture. Unground wheat
kernels were used for the moisture determinations.

Sugars.-—A sample of 16 g of pulp was weighed into a counter-—
poised 200 cc Kohlrausch sugar flask and covered immediately with
75 cc of boiling 95 percent alcohol. Samples consisting of 16 to
20 g of wheatlt kernels were placed in mortars and covered with 75 cc
of boiling 95 percent alcohol. After the sample was ground to a
fine pulp the extract and pulp were transferred to a 200 cc Kohlrausch
flask. The samples were brought to a boil on the steam bath soon
after adding enough water to reduce the alcohol to 70 percent and
the boiling continued for 30 minutes to extract the sugars. After
cooling, the flasks were made to volume with 95 percent alcohol.
Just before making a determination the flasks were again adjusted
to volume with 95 percent alcohol. The reducing sugars were deter-
mined according to the Munson and Walker gravimetric procedure (16).
Total sugars were determined by hydrolyzing 50 cc of the clarified
extract from the reducing sugar determination with 5 cc of concen-

trated hydrochloric acid. The hydrolysis was allowed to take place



for 12 hours at 38° to 40°C. The solutions were made to volume and
the reducing sugars in a neutralized portion of the sample was deter-—
mined as previously described. The total and reducing sugars and

sucrose were calculated as percentages of the wet weight.
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EXPERIMENTAL RESULTS
Relation of Respiration to Moisture and Sugar Content
at Different Stages of Ripening

Sweet Corn

Experiment 1.-——Stowell's Evergreen corn grown on the University

farm was used for part of the 1936 study. Six ears in the same s tage

of ripening,as determined by the "thumb nail" test(l), were selected at
each sampling date except for th.e last two samplings. These contained
only two ears.

The method of removing the kernels from the cob was the same in
all of the corn studies. After the husks were laid back, a deep V-cut
was made in one row of kernels. All of the wounded tissue was removed
by cutting inwardly at the bottom of the V-cut. In this way one row of
kernels was completelv removed and access could be gained to the neigh-—
boring row of kernels from which the respiration samples were taken. To
remove the kernels a deep horizontal cut was made, severing only the
peduncle attachment.. Ten kernels from the middle of the:row from each of
the ears were removed. The sanple taken from each ear was placed in a
respirometer and tested for one hour.

The time that elapsed from picking until the respiration samnles
were placed in the respirometers was no more than one hour. All the
corn samples were left in the respirometer 30 minutes before readings
were made. The samples for moisture and sugar determinations were pre-
pared betwee n respiration readings.

The weight of the 10 kernel samples varied from 1.83 grams in the
first sample of corn which was always in the milk stage to 6.50 grams
when the corn conteained 34 percent moisture. The greatest variation in

the respiration activity was observed in the milk stace samples in which

the hipghest was 481 end the lowest 2393 cmm oxygen. All of the respiration
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data have been calculated on the basis of the em oxygen absorbed per
1l sram fresh weight per hour period. The respiration values for the
sarples given in the following tables are the average of 211 the tests
made at any sampling date.

The results of the corn collected at 7 different times duringz the
ripening period are given in table 6 and shown graphically in figure 8.

Experiment 2 + The study with sweet corn was repeated in 1937 with the

same variety of corn,but which was grown on a different area on the Uni-
versity Ffarm. éix ears of the corn were zain used for each test. Ten
kernels were removed from each ear, 5 of which were placed in one respirome—
eter and 5 in another, meking a total of 30 kernels in each of the two
tests. The weights of the 30 kernel samples varied from 7.3 grams for milk
stage kernels to 13.3 grams when the corn contéined 35 percent moisture.
The results of this study are given in table 6 and are shoﬁn graphically
in figure 8.

The results of experimentsl and 2 as pldted in figure 6 aim to show
only the levels of the moisture, sugar and respiratory activity at the
time of sampling. The curves may only show the general trend since there
was considerable variation in the respiration results in different samples
collected 2t any one time. Vhen more then one sample was taken at a sam~
pling date only one set of data was plotted in figure 6. The sample the
data of which was used is starred (%) in table 6.

Tith corn in the milk stage there is considerable variation in the
sugar content which at this time does not seem to cause much difference
in the rate of resniration. In 1937 one sample of the milk stage corn con-
tained 7.39 and another 6.29 percent total sugar; the reducing sugar was

29 and the sucrose content was 12 percent lower in the second sample, but
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Table 6 .—-Respiration at 30°C. and percentage of moisture and sucar in
Stowell's Evergreen corn at different stages of ripenine. The
asterisks indicate the samples the values of which were plotted
in fig. & when more than one sample was collected at any one
sampling period.

1936 Experiment

1.
e o

: Og per gram : : : :
Date of :  fresh weight : : Total : :  Reducing
Sampling 3 per hour : Moisture : Sugars : Sucrose : _ Sugar
: Crm : Percent : Percent : Percent : Percent
Aug. 18 : 431.3 : 80.11 : 7.69 : 4494 : .49
Aug. 31 : R75.8 : 68.93 : 3.45 ¢ 2.36 : 0.97
Sept. 5 : 284.5 : 66 .40 : 3635 2 .26 : 0.97
Sept.10 : 254.5 : 58.98 : 317 1.93 : 1.14
Sept.17 : 203.1 : 49.83 : Re75 2 1.56 : 1.11
Sept.R5 : 60.1 :  41.22 : 2.12 1.28 '  0.77
Sept.25% : 133%.3 : 3773 : 2.04 : 1.28 : 0.69
Sept.25 : 105.2 : 31.52 : ReB4 1.86 : 0.88
Oct. 2 : 115.7 : 34.20 : 2.88 3 2.00 : 0.77
. __ 1937 Experiment e o

Aug. 0% = 415.0 : 79.22 : 7.39 4.86 : Re27
Aug. 20 3 412.6 s 78.33 : 6.29 : 4.28 : 1.78
Aug. 30 : 295.1 : 71.10 : 4.26 R.77 : l.34
Aug. 30k : 287.0 : 69.93 : 4,68 ¢ 2.88 : 1.65
Sept.10 : 263.6 : 68.60 : 3.99 : 2.84 : 1.00
Sept.10% : 231.1 : 56.88 : 3.45 2.19 : 1.14
Sept.17 : 200.7 : 47 .53 : 4,05 Re41 : 1.51
Oct. 8 : 46.6 :  35.39 : 3.40 = .42 @ 0.85
Nov. 3 : : _— : - . -

57.3 : 30435
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the respiration rates of the two samples was practically identical with
415 and 413 cmm of oxygen consumed per zram in one hour. The genersl
trend of the curves for the experiments in the two years indicate that
sweet.corn in the milk and doqgh stages shows a relatively close correl-
ation between ?espiratory activity and the sugar content as compared
with kernels in the';ater stages of ripening when they contained 40 to
4% percent moisture. |

The parallelism between the natural moisture and the respiration
curves is very close in the experiments for both years except in the
milk stage, where there is a crossing of the curves. After the moisture
was reduced to 70 percent the curves seem to be rather closely correlated.
One extreme variation from the general trend shown by the respiration and
moisture curves is given in the 3 samples collected on September 25, 1936,
The moisture percentages of the samples were 41.2, 37.7, and 31,5, with
the respiration r ates corresponding as 60, 133, and 105 cmm. oxygen. The
data from this single experiment show the variation in therate at which
the moisture is reduced in the kernels, but probably of greater importance
is the indicztion that the total moisture in the kernel may not necessarily
be the controliing factor that conditions the respiratory intensity but
that the form of water oresent, whether free or bound, is the more impor-
tant. Tt is very likely that determinations of the free and bound water
in kernels in these later stages will prove to be very important in ex—
plaining these differences in respiratory intensity.

Tield Corn

Experiment le-~Reld's Yellow Dent corn grown on the University

farm was used for the 1936 experiments on field corn. In the first 4 tests
8 esrs were selccted and 10 kernels removed from e ach ecr for a respira-

+ion test. At the last 2 sampling dates 2 ears were used for the tests.
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The 10 kernel samples varied in weisht from 2.1 srames for
milk stage kernels to 6.6 grams when the kernels contained 46 percent
moisture. The variation in the different respiration rates in the
samples removed from each ear at any one sampline date was again the
greatest in milk stage corn, the lowest value was 300 and the highest
389 cmm oxyren. The respiration values given in the following
tables are the averasge of all the tests made at any given samﬁling.
The results of the field corn collected at 6 different stages of
ripening are given in table 7 and presented graphically in fig. 7.

Fxperiment R.——The studs with £i21d corn was repeated in
12 i

1937 with corn that was grown on the same plot from which the 19836
material wes received. Six ears of corn were again used at each
Samplinﬁ period. Ten kernels were removed from each ear, 5 of
which werc placed in one réspirometer and 5 in another with a total
of 30 kernels in each. The weights of the 30 kernel samples varied
from 9.1 grans for milk stage kernels to 18.1 grams for kernels
with 46 percent moisture. The results of this study are given in
table 7 and presented graphically in fisure 7.

The results for experiments 3 and 4 as presented in figure
7 do not =zim to show a time rate of change of moisture, sugars,
and respiration but the levels of these at various stages of rinen-
in~. The wvariation in samples collected at the same time is shown

-t

in table 7 . The starred”™ samples indicates the data used in fig—
ure 7 when more than one sample was collected at any one sampling
date.

Trom the 1957 study it appears that there is a rather abrupt

decrease in total sugars and respiration when the moisture in the



Table 7.--Respiration at 30°C. and percentage of moisture and sugar in
Reid's Yellow Dert corn at different stares of ripening. The
asterisks indicate the samples the values of which were used
in fig. 7 when more than one sample was collected at any one
sampling date.

1936 Experiment

O2 per gram

Date of : fresh weight @ : Total : : Reducing
Sampling : per hour :_Moisture : Sugers _:  Sucrose Sugar
: Cmm :  Percent : Percent : Percent : Percent
Aug. R0 : 337 4 : 73.17 : 4,57 @ 2463 : 1.80
Sept. 3 : 329.8 : 74,72 : 3.84 3 Re22 : 1.50
Sept. 8 : 241.5 : 56.84 : 2.88 1.76 : 1.03
Sept.22 : 141.1 : 37.48 : 2.13 @ 1.50 : 0.55
Sept.R5 : 168.8 : 48.54 : 1.09 : 0.71 : 0.34
Sept.25% : 143.1 : 41,99 : Red 1.87 : 0.45
Sept.25 : 90.2 : 35.94 : 0.86 : 0.66 : 0.17
Oct. 2 : 60.5 : 30,12 : 045 @ 0.28 : 0.15
. 1937 BExperiment o i
Aug, 13 : 33%.9 : 75.09 : 4,95 @ 2.85 t 1.95
Bug. 13 : 294.3 : 70.00 : 3.78 2.3 : 1.43
Ang., 18% : 259.5 : 66.58 : Re71L 1.72 : 0.90
Aug. 18 : 267.1 : 69.71 : 3.01L = 1.79 : 1.13
Aug. R7% : 208.0 : 57.85 s .28 = 1.29 : 0.92
Aug. 27 : 204.0 : 56.81 H .09 1.0¢ : 0.94
Sent. 9% = 148.8 : 46.43 : .02 l.34 : 0.61
Sept. © : 130.6 : 36.67 : .16 = 1.51 : 0.57
Sept.16 : 120.4 : 34,78 : 2.20 : 1.51 : 0.61
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corn was reduced to 35 to 36 percent in the later stages of ripening.
This sudden decrease was not observed with the corn in the 1937 erperi-
ment, however, the surar and respiration curves parallel rather closely
in the stages previous to the time when the kernels have 40 percent
moisture.

There is some parallelism between the respiration and suzar
curves Mut there seems to be a closer relationship between the rate
of respiration and the moisture. 'lhe correlation for the field corn
is closer than that for the sweet corn. The variation in the several
semples collected at any one time is less for the field corn. Vhen
variations in the respiration samples existed they were in the same
direction as the moisture content.

Theat

Leapland wheat grown on the University farm was used for this
study. For the first sample which was taken on June 4, 1937, 25 heads
were collected; in every sample thereafter 4C heads were used. Samples
wrere taken from the time the kernels were in the milk stage with 61
percent moisture until they contained 17 to 18 percent.

The time that elapsed from cuttine the srain until the respir-
ation samples were placed in the respirometers varied from 30 to 60
minmutes. Considerable care had to be exercised in handling the green
immature kernels so that they might not be wounded. In the first
test each duplicate respiration sample contained one kernel from the
middle portion of each head or a total of 25 kernels. In each test
thereafter 40 kernels was placed in each of the two respirometers.

Tn the first test the average welght of the 25 kernels was 1.005

srams. The 40 kernel samples varied in weight from 210 -rams on
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June 7 to R.665 grams on June 18 and then steadily decreased in
welght till 40 kernels weighed 1.690 grams on July 1. The respir-—
ation samples were left in the respirometers 30 minutes before the
tests were begun and then tested continuously over a period of 10
hours at 28°C.

In some of the respiration tests triplicate samoles of 1 cc
each of the alkali solution were removed from the respircmeters and
the carbon dioxide content determined by the titratién method sug-
gested by Core (11). Table 8 shows the value of the respiratory
quotient of wheat kernels at different stages of ripening and the
oxygen consumed per gram fresh welght per hour for 10 hour periods.
The data for this study are presented graphically in figure 8.

The figsures given at the end of some of the respiration
curves indicate the calculated percent oxygen still present ih the
respirometers. Respiration samples taken after June 10 had oxygen
concentrations greater than 17 percent. It was assumed that this
concentration had no depressing effect on the amount of oxyzen
consumed. The criticzal oxycen tension for wheat was not determined.

The respiratory quotient of wheat kernels in the milk stage
wos 1.02 and remained nearly unity throughout the entire ripening
veriod.

Tn fisure 8 is shown the time rate of respiration curves
for wheat ot different stages of ripening. It is important to
note that immature wheat kernels with a éiven moisture percentare
do not respire at a constant rate after removal from the head but

show an appreclable decrease. This decrease cannot be attributed
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Table 8 .—The respiration at 28°C. and moisture content of Lespland wheat kernels ot different stages
of ripeningz.

: COp :
Moisture : Oo : 1

hour per gram fresh weight for hour veriods indicated
23+ 3 s 4+ 5 :+ B i 7 + 8 9

Date of

02 per
Sampling i :

10

: Percent Crm ¢ Crm : Cmn : Cmm Crmm Crm : Cmm Crm : Cmm  :  Crm
June 4t 61.00  t—re— : 472.5 : 454,6 1 445,0 : 420,6 : 414.8 : 397.7 : 390.5 : 371.6 : 3641 1 —

June
June
June
June
June
June
June
June
June
June
June
June
June

July

7
8
9
10

1R

16
18
21
R3
28
29

30

LTI T

56.92

54,93

52.20

50.56

47,55

46,11

42.16

41.34

30.94

R7.54

R2.60

17.60

R3.93

18.27

:1.02 :

583.4

¢ 349.1

: 340.7

: 293.3

: 25509

359.7

3R6.7

+ 307.9

: 324.8 :

300.1 :

1 271.9

se sa oo

185.1 :

154.0 :

58.5 :

66.6

28.6

R43.9

186.4

14R.7

59.6 :
6l.1 :

1.8 :

26.6

¢ 334.3

: 27S8.1

: 254,7 :

.

505.7

R82.4 :

229.1

: 173.2

: 139.2

314.3

R86.3

R49.1 :

RO2.% ¢

R3846 :

221.5

167.4 :

: 128.4 ¢

57.3 3

60,0 :

19.6 @

R97.1

R75.9 :

RR4.6

229.0

R25.8 1

21004: H

159.1

127.6

as  sa

85,6 :

261.5 :

196.6 :

R13.7

-

199.8 :

15200 H

122.8

55.2

61l.2 ¢

17,0 :

346 3

18.6

4.6

R744%

R51.6

164.7

205.8

194.1

R70.9

196.0

: 189.6

147.1

: 124.4

ol.8 :

60.7 :

16.9 =

. ee

17.0 :

144,0

: R47.4 ¢

50.5 :

53.2

15.0

*s eo s

RR.7

263.0 :

243.8

12.5 H

4.7

: 240,1

46.0

58.1

168.7

15.4
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to o decrease in moisture. The respiration sample collected on June
7 which had an initial moisture content of 56.92 percent had 56.03
percent 24 hours after sampling. As the kernels ripen the time rate
of respiration decreases less rapidly and finally reaches a constant
rate when the moisture has been reduced to 30 percent. It rained
during the evening of June 29 and early morning of June 30. The
moisture percent increased from 17.6 to 23.9 a vercentage increase
of 35.7 due to water imbibed from the air and rain when the grain
was in the shock. The respirstion of the sample with increased
moisture decreased from 30 cmm to 15 cmm of oxygen. The respiration
increased from an average of 3.8 for the sample with 17.6 moisture
to 0.0 crm oxygzen for the sample with 23.9 percent moisture, an in-
crease of 426 percent. It is important to notice that respiration
of the samples with 22.6 and 23.9 percent moisture decreased con-
siderably after the third and fourth hours and was not constant
throughout the entire period of the test.

The circled values in the respiration curves given in figure
8 were nlotted together with the moisture and sugar contents against
the time of sampling. The data vresented in figure 9 shown that
respiretion and moisture curves perallel for a short time just before
crossing. The respiration rate decreases more rapidly for 2 time
when the kernels have about 40 to 45 percent moisture and then the
curves parsllel again. Determination of the free and bound water
7311 prove to he very important in explaining the change in respir-
atorv sctivity at the crossing point of the two curves. Debtermin-
ations of the ratio of free to bound water will also probably prove
important in explaining the change in respiretion in wheat after “he

moisture percentage has been increased by the imbibtion of water as
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was shown for the sample collected on June 30. The data also show

that the respiration is not correlated with the sugar content.



Time Rate of Regpiration and Surar Content after

Storage at Different Temperatures.

Sweet Corn

Experiment l.-~The substrate used in the process of respiration in

plants has received congiderable attention, and it is well established
that carbohydrates furnish the greater part of the materials used in
the oxidation process. In this experiment the time rate of respiration
was determined in corn in which the sugar percentages varied in differ—
ent lots becavse of different storage conditions.

In the 1936 study the 6 ears of sweet corn used for the first four
tests in the study on the relation of respiration to the moisture and
sugar content at different stages of ripening were divided into 2 lots of
3 ears each., One lot was pla;ed in a General Flectric refrigerator which
maintained a temperature of 5° # 0.5°C; the other lot was placed in an
insulated box which maintained a temperature of 30° & 0.2°C. After 4
da ys of storage respiration samples with 10 kernels in each were again
removed fromeach ear. In zll of these experiments the respiration sam—
ples were removed as previously described. When the second sample was
taken the ear was turned around and the kernels removed from a row oppos—
ite the position of the first sample. Since the same lot of corn was used
for two different studies some of the data will appear twice.

Then the cornwas Stored the ears with the husks laid back in the
normal vosition were wrapped with wax paper which was held in place with
rubber bands. Holes were made in the paper to allow for 2eration. This
procedure prevented excessive loss of moisture from the kernels, especially

when stored at 30°C.
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In the 1936 study a sugar analysis was made 2 hours after picking
on the entire lot of 6 ears before storage and then a similar analysis
on each of the 2 lots after the storage period.

The 10 kernel respirationssmples varied from 1.8 to 2.6 grams for
milk stage kermels and from 4.5 to 5.5 grams for late doush stage kernels.
The samples were left in the respirometers 30 minutes before readings
were started and then were tested continuously for the next 6 hours. The
sugar and moisture changes are given in table 9. The respiration data for
the same samples are given in table 10. The combined data a’re presented
graphically in figure 10.

Experiment R.~-The study of the effect of storage gt 5° and 30° on

the oxygen respiration and sugar content of green sweet corn in the milk
and early dough stages was repeated in 1937. The 12 ears of corn used
for the first two tests in the study on the changes that take place during
the ripening process were divided into 2 lots of 6 ears each. One lot
was stored at 5° C. and the other lot at 30° C. for 4 days. At the end
of the storsge period samples were ggain t aken. The study in 1837 differed
from the procedure used in the previous experiment in that a sugar analysis
wes made 2 hours after picking on eoch lot before storage. The selection
of respiration samples also differed from the preceding exﬁeriment in
that 10 kernels were removed from e ach of the 6 ears in one lot, 5 of
which were placed in one respirometer and 5 in another. The 30 kernel
respiration s amples varied from 7.3 to 7.9 grams for milk stage kernels
and from 11.8 to 12.5 grams for early dough stage kernels,

The results of the sugar and moisture changes are given in table 11,
The respiration data for these same samples are given in table 12. The

combined data are presented graphically in figure 10.
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Table 9.-.-The moisture and sugar content of Stowell's Eversreen corn used for
the respiration tests given in table 10,

S?age.of: : : Total - : Reduciﬁérz
ripening: Treatment . Molsture : Sugar : _ Sugar :Sucrose
: :Percent : Percent : Percent :Percent
;Two hours after picking on Aug. 18 : 80.11 : 769 : 2.49 ; 4,94
Vilk ;After 4 days storage at 5°C. ; 79.84 ; 5.62 ; 1.90 : 3453
;After 4 days storage at 30°C. ; 76.05 ; 3.06 ; 1.13 ; 1.83
zTWO hours after picking on Aung. 31 ; 68.93 : 3.45 : 0.97 ; R+36
Early :After 4 days storage at 5°C. ; 69.53 ; Re22 ; 0.90 ; 1.25
pough ;fter 4 days storage at 30°C. ; 69.02 : 1.35 ; 0.64 ; 0.67
;Two hours after picking on Sept. 10 ; 58.99 ; 3.17 ; 1.14 ; 1.93
Dough :After 4 days storage at 5°C. ; 58.96 ; ReTR ; 0.96 ; 1.67
:After 4 days storage at 30°C. ; 55.94 ; 1.18 ; 0.69 ; 0.47
iTwo hours after picking on Sept.l7 ; 49,83 ; R.75 ; 1.11 ; 1.56
Late  iAfter 4 davs storase at 5°C. : 49.46 :  2.50 : 0.98  : 1.44
Dough : : : : :

:After 4 days storage at 30°C. 47,07 : 1.97 : 0.89 : 1.03

.
.




Table10 ,——Effect of storage at 5° and 30°C. on the oxygen respiration at
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30°C. of Stowell's Evergreen corn at different stagses of rinening.

——

Stage of:

02 per hour pef'gram fresh wéfgﬁt for
hour period indicated

ripening: Treatment : 1 : 2 : 3 : 4 S : 6
: : Cmm ¢ Cm : Cmm : Cm : Cmm : Cmm
:Two hours after pick- * : : : : :
*ing on Aug. 18 P 428.3 ° 425.3 7 422.9 7 404.6 ¢ 38l.4 ' 365.4
Milk : : : : : : :
‘After 4 days storage * : : : : :
: at 5°C. P 398.6 1 404.2 * 407.8 7 398.2 ' 381.0 * 360.2
*Two hours after pick- : : : : : :
iing on Aug. 18 ? 434.2 ¢ 429.8 : 429.1 : 415.0 : 395.3 : 381.5
:After 4 days storage : : : : ; ;
: at 30°C. : 64,8 : 258,99 : 250.7 : 241.,0 : 234.7 : 225.8
:Two hours after pick- : : : : : :
ting on Aug. 31 1 R77.2 ¢ 270,9 : 260.6 : 237.1 : 222.7 : 203.0
Barly : : : : : : :
Dough :After 4 days storage : : : : : :
: at 5°C. : 238.1 : 240.0 : 233.6 : 224.5 : 207.8 : 193.9
:Two hours after pick- : : : : : :
ting on Aug. 31 i 268.2 : 281.,5 : 248.8 : 225.0 : 213.2 : 195.9
tAfter 4 days storage : : : : : :
: at 30°C., : 164,13 159,0 : 155.3 : 154,5 : 147.6 : 138,1
:Two hours after pick- : : H : : :
:ing on Sept. 10 : 256.6 : 20242 : R46.5 : R33.3 : 223.3 : 211.0
:After 4 days storage : : : : : :
: at 5°C. : R42.6 : R48.4 : 245.6 : 228.2 : 214.6 : 200.5
Dough : 3 : : : : :
:Two hours after pick- : : : : : 3
:ing on Sept. 10 : 252.3 : R44,0 = 236.6 : 2R23.4 : 211.1 : 198.0
sAfter 4 days storage : : : : : 3
: at 30°C.. , : 17,9 : 128.6 : 133.6 : 124.7 : 121.4 : 117.9
:Two hours after pick- : : : : : :
:ing on Sept. 17 : 212.1 ¢ 231.9 : 211.8 : 203,5 : 193,9 : 186.5
;After 4 days storage : : z : : :
: at 5°C. : 211.2 ¢ 212.2 : 208.4 : 201.8 : 191.8 : 182.2
Late : . : H . . H :
Dough :Two hours after pick- : : : : . .
:ing on Sept. 17 : 194.2 : 191.6 : 190.4 : 181.0 : 173.1 : 167.1
;After 4 days storage : : : . . .
: at 30°C. : 92.9 : 100.1 : 100.1 : 98.0 : 94,2 : 96.6
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Table 11,--The moisture end sugar content of Stowell's Evergreen corn used
for respiration tests given in tabhlel? .

[N S A — a—r ———

Stage—gf: :Moisture : Total  : Reducing :Sucrose
ripenings: Treatment - : : Sugar __:  Sugar  :
: tPercent : Percent : Percent :Percent
:Two hours after picking on Aug. 20 : 78.33 : B.R29 1.78 : 4.28
:After 4 days storage at 5°C. : 77.68 : 4,66 : 1.67 : R.84
Milk : : : : :
:Two hours after picking on Aug. 20 : 79.22 : 7.39 : 227 : 4.86
tAfter 4 days storage at 30°C. s 74.15 : 340 1.07 : 2.19
sTwo hours after picking on Aug. 30 : 71.10 : 4,26 ¢ 1.34 HE-
:After 4 days storage at 5°C. : 71.66 : 3.11 0.97 : R.03
Barly : : : : :
Dough :Two hours after picking on Aug. 30 : 69.94 : 4,68 1.65 : 2.88
:After 4 days storage at 30°C. 69.39 : R.07 1.43 : 0.61

" ss e
.
[T Y

" e
..
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Table 12.--Effect of storage at 5° and 30°C. on the oxygen respiration at
30° C. of Stowell's Evergreen corn at different stages of

ripening.

- —

per hour per gram fresh weiéht for

18R.5:

: H Oo

Stage of: Ireatment : hour period indicated _

ripening: :
: : 1 : 2 s 3 : 4 : S : 6 :
: : Cm: Cm : Cm : Cm : Cmmn : Cmm :
:Two hours after pick- : : : ; ; ; ;
:ing on Aug. 20 t 41R2.6: 386.3 : 398,1 : ———— : 390.0 : 381.0 :

Milk : : : : : : : 2
tAfter 4 days storage : : : : : : :
: at 5°C. : 399.,2: 395.0 : 368,7 : 358.0 : 355.5 : 322.9 :
:Two hours after pick- : H : : : : :
:ing on Aug. 20 : 415.0: 392.0 : 392.4 & ~r—eeoem : 367.4 : 351.8 :
tAfter 4 days storage : : : : : : :
: at 30°C. : 327.8: 301.1 : R74.,7 : 261.4 : 257.4 : 248.6 :
tTwo hours after pick- : : : : : : :
:ing on Ang. 30 : 295.1: 285.1 : 277.4 1 —w~—n : 2b51.2 : 258.4 :
:After 4 days storage : H : s : : :

Early : at 5°C. : 284,53 R72.4 : R71.7 : R64.0 : $ - :

Dough : : : : : : :

:Two hours after pick- : : : : : : :
ting on Aug. 30. ? 287,08 277.2 ¢ 275,01 ! meem—e 2 254,55 1 262.8 ¢
tAfter 4 days storage 3 : : : : :
: at 30°C. : 176.6 :+ 172.3 : 169.0 : :

LU Y)

- ——————
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In table 13 are calculated the percentage losses of the resniration
and sugars for the 4 different sbages of corn used in the 1936 experiment
and the 2 experiments repeated in 1937. The milk and early dough stage
corn in the 2 years show the same general trends except for the loss of
reducing sugar in the 1937 early dough stage corn. The dough and late
dough stages of sweet corn shovw larger losses in respiration than the
milk and early dough stages. The loss of respiration in the dough stage
may very probably be explained by the loss of sugar but the late dough
stage corn with 49 percent moisture stored at 30° showed a loss of 52 per-
cent in respiretion which seemingly can not be explained by the loss of
sugars. Determinations of the free and bound water will prove to be im—
portant in explaining these differences in the respiratory activity of
corn kernels when the total moisture has been reduced.

With sweelt corn the respiration loss for corn stored at 30° was
a2 lways several times greater than the loss when the corn was stored at
5°C. The loss of sugars was usually 2 to 3 times as much in the warm
stored as in the cold stored. In general, the effect of storage of milk
and early dough stage corn in the 2 years' experiments at 30° caused an
actual average decréase of 34 percent in total sugars, in contrast to
the avercge € percent loss in respiration and 2 9. percent loss in total
sugars vhen the corn was s tored at 5°.

The figures in the parentheses in table 13 show the differences in
the percentage losses of respiration and sugars of corn in the same
gtage of ripening stored at the two temperatures. It is interesting to
note that the differences for the respirction data agree very closely with
the sugar differ=nces except with corn in the late dough stage. The sig—
nificance of these data and the actual differcnces of the total suger and

respiration losses in the milk and :leerly dovgh sweet corn may be better
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Table 13 ~~Percent losses of the oxygen respiration and sugars when
Stowell's Evergreen corn is stored at 5° and 30° C. for
four days. The values in parentheses are the differences
in the percentage losses between the snalyses of corn

stored at 30° and at 5°C.

1936 Experiment

Sfage of tStorage :Decrease in :Decrease in:Decrease in:Decrease in
ripening : srespiration :total sugar: reducing : sucrose
' : : : ¢! sugar : .

: Degs C.: Percent : Percent : Percent : Percent
Milk : 30 : 33.0 : 60.2 : 54,6 : 62.9
: 5 : 4.7 : 26.9 : 236 H 28.5
: : (34.3) @ (33.3) : (31.0 : (34.4)
Early : 30 : 38.8 : 60.9 : 34,0 : 71.6
dough : : : : :
: 5 : 13.4 : 35.6 : 7a? : 47.0
: : (25.4) : (25.3) : (26.8) : (24.8)
Dough : 30 : 47.0 : 64.0 : 39.5 s 75.6
; 5 : 4.0 : 14.5 : 15.8 : 13.5
: :  (43.0) @ (49.5) & (28.7) ¢ (62.1)
Late dough H 20 : 52.2 : R8.4 : 19.8 : 34,0
; 5 : 0.0 : 9.1 : 11.8 : 7.7
: : (52.2) ¢ (19.3) : (8.0) : (26.3)
1937 Experiment L
Milk . 30 :  21.0 : 5%.9 : 52.8 1 549
; 5 : 342 : 25.9 : B.1 : 33.6
: : (17.8 : (28.0) : (468.7) ¢ (21.3)
Eerly Dough ; 30 : 36.4 : 55.7 : 13.3 :  78.8
: 5 s 5.5 i 27.0 : 27.6 1  26.7
: (32.9) : (28.7) : : (52.1)

(1)
»

————— i —
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understood by referring to figure 1ll.

The data as presented in figure 11 indicate that there is no paral-
lelism between the rate of sugar loss and the rate of loss of respire~
tion in the corn after warm and cold storage. This does not exclude
the possibility of an existing correlation between respiration and total
sugar within these two points of analysis. The data in figure 11 seenm
to indicate that there is a parallelism dter the respiration and total
sugar values have decreased to the velues observed for the corn after cold
storage.

By extrapolation to the point where there is no loss of respiration
it is seen that a 8 1 to 22 percent loss of sugar may occur before an
influence is showm on the respiration. It may be that a correlation
between respiration and sugar may exist after the sugar content has been
lowered to this pointe.

Experiment 3. For this experiment 15 ears of milk stage Stowell's

Evergreen corn were carefully selected. The corn was divided into 5 lotis
of 3 ears each. All of the lots were stored in an insulzated box in which
a tempersture of 30° * 0.2 was maintained. A1l of the ears were wrapped
in paraffined paper to prevent excessive loss of moisture. Foles were
made in the paper to provide for aeration. The moisturc content in the

5 lots varied from 8l.2 to 83.4 percent.

On +the morning that the corn was vicked samples were removed from
each of the 3 ears in Lot 1 and analyses and respiratory tests made. A
second sample was removed from the same lot 12 hours after the first
sanple, and a third sample 12 hours after the second, so that the chanzes
were Tollowed at 12 hours intervsls. At the time that the third sammle
was removed f rom lot 1, the first sample was removed from lot 2. The

samnling was continued at 12 hour intervals until the 5 lois had been used.
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Tig., 11, The percentage losses of the respiration and total sugar in Stowell's Evergreen
gorn after 4 days' storage at 5° and 30°C. The average values of the two experiments
with the milk and #early dough stage corn have been used.



55

The respiration samples consisted of 30 kernels in each of the
duplicaste determinations. Twenty kernels were removed from each ear,
10 of which were placed in one respirometer and 10 in another.

" The changes that occurfed in the oxygen respiration,weight of
kernels and sugar content of the sweet corn when stored at 30°C. for
120 hours are given in takle 14. The respiration and sugar changes
are presented graphically in figure 12. |

The difference in respiration between the first and second samples
tested on the first day may probebly be explained by the fact that the
first semples were more mature. The weights of the respiration samples
seem to indicate this fact since the second sample weighed considerably
less than the first sample.

The general trend of the curves indicates a rapid loss of sugars and
of respiration in the first 24 hours of storage. The loss of respiration
is not as great as the loss of sugars, if the respiration rate of the
first sample of the first day is considered as the reference.

The respiration curve parallels the three sugar curves rather closely
after the first day except for the last day when the respiration curve
atill fell. The sugar concentrations after the fourth day remained nearly
constant.

Experiment 4. The problem of the effect of storage of kernels off

and on the cob on the respiration and sugar content with Stowell's Ever-—
green corn in the milk and dough stages was investigated. The material
psed was the same corn used for part of the work in experiment 2. Some
of the data will thus eppear in more than one place and is presented for
+the sa ke of comparison.

The 12 ears were divided into 2 lots of 6 ears each, one of which
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Table 14.--The changes in the oxygen respiration, weight of kernels, =nd
" sugar content of green Stowell's Evergreen corn when stored
at 30°C, for 120 hours.

a0
e

092 consumed

: Average per gramw in : :

LYY

Storage t welght of first 15 min- : Total : Reducing :
at 30°Ce. : _30 kernels : _utes i Sugar :  Sugar :__Sucrose
Hours : Grams : Crm : Percent: Percent : Percent
0 : 7 o 47 : 101.0 : 7.12 : Qe 71 : 4,10
12 H 6.60 : 1R4.5 s 5.1%1 : 1.98 : 2.90
24 : 7.80 : 91.8 : 4,17 . 1.86 : R.13
4 ‘ : 707 : 95.7 : 4.11 : 1.79 : 2.14
36 : 6.79 : 89.3 : 3.68 : 1.49 : 2.02
48 : G.61 : 83.0 : B.23 : 1.34 : 1l.74
48 : 7.08 : 80.5 : 3,55 : 1.76 : 1.64
80 : 7.12 : 8l.8 : 3.11 : 1.47 : 1.50
72 : £.80 : 79.8 : 3.00 : 1.45 : L.41
72 : 7.69 . 76.0 : 2.21 : 1.05 : 1.05
84 : 743 : 68.9 ¢ 2.05 : 0.93 : 1.03
96 : 7e72 : 66.3 : 1.83 0.95 : 0.79
96 ; 7 .20 : 6R.4 : 1.93 : 1.05 : 0.80
108 : 7 .65 : 59.4 : 1.68 : 0.7¢ : 0.80
120 : 7 .62 : 57.0 : 1.82 : 0.79 : 0.75
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was stored at 5° and another at 30°C. Ten kernels were remcved from
each of the emrs of the lot to be stored at 30°C., 5 of which were
placed in one respirometer and 5 in snother. Readings were talen
after the samples had been in the respirometer fram30 minvtes and af—
ter 9 to 10 hours. Samples for the moisture and sugar determinations
were taken 2 hours after picking. At the time the respiration samnles
were remgved from the lot to he stored at 30°C. another sample which
consisted of 3rws of kermels from each ear were removed and s tored at
30°C. in a jar containing a vial of votassium hydroxide. This sample
was stored so as to duplicate the storage conditions of the samples in
the respirometers. After 9 to 10 hours storage these samples were re-—
moved for determinations of sugar and moisture.

After the 6 ears had been stored at 30°C. for 12 to 13 hours, samples
were again removed for respiration, sugar, and moisture determinations.
These 4 ata are for the kernels stored en the cob.

After 4 days of storage the lot stored at 5°C. was removed and res-—
piration, sugar, and moisture samples taken. The respiration samples were
tested 30 minutes after they had been in the respirometers and again after
11 to 12 hours. At the same time the respiration samples were removed
snother sample of 3 rows of kernels from each ear wmas removed and placed
in a jer with a vial of potassium hydroxide. The jar weas placed in a water
bath at 30°C. After 11 to 12 hours the kernels were removed and samples
token for moisture and sugar determinetions. These samples were comparable
+o those kernelg stored off the cob which were left in the respirometers
for the same periode.

After the s amples had been remocved from the 5°C. stored lot, the ears
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were wrapped and stored at 30°C. for 14 to 15 hours. After this neriod
of storage,samples were taken of the kermels stored on the cob. The
average moisture content of the milk stage corn kernels before storage
was 79.2 percent, after storage on the cob 78.6, and after storage off
the cob 79.1 percent. For the dough stage corn the average values for
the moisture of kernels before storage was 71.1, after storage on the
cob 70.5, and after storage off the cob 70.7 percent. The results of
the respiration and sugar changes are presented in table 15.

In every case the kernels stored on the cob at 30°C. always showed
a higher respirstion rate and a higher fotal sugar and sucrose contenf
than kernels that were removed from the esrs and stored under the same
conditions. In three of the four experiments tﬁe kernels stored off the
cob had a higher reducing sugar content than the kernels stored on the
cobe. In the fourth case there was a difference of .09 percent sugar.
This general trend indicates that the reducing sugar content may be in-—
creased at the expense of the sucrose and other sugars and as a result a
decrease in the respiration. These general data show that the res@iration
in immature corn kernels is relaﬁed more clecsely to the total sugsr than
to the reducing sugare.

It is to be pointed out that after the milk stage corn was picked
there was a 23 percent loss of total sugars and a 9 percent loss in
resniration in the kernels stored on the cob. In the dough stage corn
there was a 33 percent loss of total sugars and a 5 percent loss in
resniration. These dats indicate that sweet corn in the milk and dough
stages shows a considerably greater rate of loss of totel sugers than

rate of loss of respiration.
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Table 15--The effect of storage of kernels on and off the cob
at 30° C. on the oxygen respiration at 30° C. and
sugar content in Stoewellls Evergreen corn in the milk
and dough s tages.

Milk Stage

Original lot_after picking

: Oo per gram:  Total : : Reducing
Storage conditions: pexr : sugar :+ Sucrose : sugar
Treatment: Time t15 minutes @ : K
: hours : cmm tper cent ¢ percent ¢ percent
Original : —_ : 107.1 H 739 : 4.86 : a7
lot : : 2 ) :
K. on cob: 12 : 97.3 : 5.69 : 3,81 : 1.68
Ke.off cob: 10 : 84.5 : 5.37 t  3.26 : 1.94
Original lot after 4 days at 5°C.
Original : : : : s
lot : — : 102.7 : 4,66 : R.84 : 1.867
K. cn cob: 14 : 90.8 5 3479 2 2.37 : 1.30
K.off cobs 11 : 7643 : 3419 ;. 1.88 : 1,21
" _Dough Stage
Original lot after picking
Original : : : : :
1ot : — : 757 : 4,88 :r 2.88 : 1.65
K. on cob: 13 H 723 : 3e14 : R.04 : 0.99
K.off cob: 9 : 63549 : 3,12 : 1.65 H 1.38
Original lot after 4 days at 5° C.
Original : : . .
lot : —— : 739 : Bell : .03 : 0.97
K. on cob: 15 : 68.3 : 2.89 : 1l.27 : 1.55
{,0ff cob: 12 H 51.0 : 2449 :  0.79 : 1.66
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Field Corn

Experiment l.—In the 1936 study the 6 ears of Reid's Yellow Dent
corn used in the first two teste in the study of the relation of respir—
ation to sugar and moisture content at different stages of ripening
were divided into 2 lots of 3 ears each. One lot was stored at 30°and
the other at 5°C for 4 days. After the storage periocd analvses and tests
were again made. In the 1936 study a sugar analysis was made 2 hours after
picking on the entire lot of 6 ears before storage, and then a similar
amalysis on each of the 2 lots after the storage period.

The 10 kernel respiration samples taken from each ear varied from
Rel to 3.3 grams for kernels in the milk stage and 3.4 to 4.8 grams for
dough stage samples. The average values for the respiration of the sam-
ples are given in table 16. The sugar and moisture changes for the same
samples are given in table 17. The combined data are presented graph-—
ically in figure 13.

Experiment 2.-~The effect of storage at 5° and 30°C. on the oxygen

respiration and sugar content of Reid's Yellow Dent corn was reﬁeated
in the 1937 season. The material used in the two years was grown on the
same plot.

The 12 ears of corn used for the first 2 tests in the study on the
changes dvring the ripening period were divided into 2 lots of € ears
each. One lot was stored at 5°C. and the other at 30°C. for 4 days. LAt
the end of the storage period snalyses and tests were again made. The
1937 procedure differed from that used in 1936 in that a sugar analysis
was made on each of the 2 lots previous to storing, 2 hours after they
were picked. The selection of respiration samples 2lso differed from the

method used in 1936. Ten kernels of the grain were removed from each ear,
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Table 16 .——-Effect of storage at 5° and 30°C. on the oxygen respiration
30°C. of Reid's Yellow Dent corn at different stages of

at

ripening.

: : &—~6é per hour per gram fresh weight for B
S?age of: : hour period indicated e
ripening: Trestment, : 1 : 2 s 3 s+ 4 s 5 3 6
: : Cm : Cmm ¢ Cmm ¢ Cmm : Cmm : Cmm :
:Two hours after pick- : : : : : : :
ting on Aug. 20 : 341..3 : 339.7 : 33645 : 328.5 : 312.3 : 299.9 :
Milk : : : : : : : :
:After 4 days storage : : : : : : :
: at 5°C. ¢ 304,0 : 306.0 : 310.0 : 306.9 : 289.8 : 279.%1 :
:Two hours after pick— : : : : : : :
ting on Aug. 20 ¢ 333.5 t 36,9 : 317.4 : 304.,7 : 286.3 : 273.9 :
:After 4 days storage : : : : : : :
3 at 30°C. : 151.0 : 150.6 : 148.,2 : 146.6 : 142.1 : 141.1 :
:Two hours after pick- : : : : : : :
ting on Sept. 8 : 242.9 : 244.3 : 238.1 : 228.5 : 219.6 : 206.2 :
:After 4 days storasge : : : : : : :
: at 5°C. : RRO.7 : 225.3 : 220.,3 : : : 179.9
Late : : : : : : : :
Dough :Two hours after pick- : : : : : : :
ting on Sept. 8 : 240,1 ¢ 241.0 : 236.9 : R27.3 : 217.3 : 206.6 :
:After 4 days storage : : : : : : :
: at 30°C. : 117.9 & 118.9 : 116,9 : : : 111.0 :
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Table 17 .~~The moisture and sugar content of Reid's Yellow Dent corn used
for the respiration tests given in tablelb . 1936 Study.

SFage.of: T :Moisture : Total :Reducing :Sucrose
ripenings: — _Treatment _ _ _______ : ____: Sugar : Sugar s
: :Percent : Percent : Percent :Percent
:Two hours after picking on Aug.20 : 73.17 : 4,57 : 1.80 : Re63
Milk :After 4 days storage at 5°C. : 73,04 ¢ 3,15 :  1.40 : 1.66
:After 4 days storage at 30°C. : 71.06 : 0.83 : 0.50 : 0,31
:Two hours after picking on Sept.8 : 56.84 : 2.88 @ 1.03 : 1.76
Late :After 4 days storage at 5°C. : 54.41 : 1l.85 0.76 : 1.04
Dough : :
After 4 days storage at 30°C. 52.98 0.85 = 0.4 : 0.41

e 48 84 e
s s as ss
s 2% s ea
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Table 18 ,~._Effect of storage at 5° and 30°C. on the oxygen respiration ot
30°C. of Reid's Yellow Dent corn at different stages of ripening.

¢ : O2:per hour per gram fresh:weight for
Stage of: : hour period indicated
ripening: : 1 0+ o 4 B3 2 4 5 : B
: : Com : Cmm : Cmm : Cm : Cmm : Cmm
:Two hours after pick- : : : : : :
ting on Aug. 13 : BB5.9 : B32.7 : 322.2 : 327.3 : 305.9 : R83.5
Milk : : : : : : :
:After 4 days storage : : : : : :
: at 5°C. : 309.1 : 31R2.9 : 313.2 : 306.9 : 289.8 : 27540
tTwo hours after pick- : : : : : :
ting on Aug. 13 : 204.3 : 290.8 : 286.5 : 291.7 : 271.8 : 247.8
tAfter 4 days storage : : : : : :
: at 30°C. : 146.4 @ 149.7 : 149.8 : 147.6 : 140.9 : 140.1
:Two hours after pick— : : : : : :
ting on Aug. R7 : R07.9 @ 191.8 : 197.1 : 1923 : 195.0 : 184.3
tAfter 4 days storage : - : : : : :
: at 5°C. : 197.8 : 188.3 : 189.8 : : : 177.0
ILate : : : : : H :
Dough :Two hours after pick-— : : : : : :
ting on Aug. R7 : 204.0 : 190.9 : 202.5 : R00.8 : 199.4 : 189.7
:After 4 days storage : : : : : :
: at 30°C. : 104.5 ¢ 104.1 : 10R.7 : : : 98.7




65

Table 19.—The moisture and sugar content of Reid's Yellow Dent corn used
for the respiration tests given in table

1937 Study.

Stage of: :Moisture : Total : Reducing :Sucrose
ripening: Treatment : : Sugar : Sugar :
: :Percent ¢ Percent: Percent :Percent
tTwo hours after picking on Aug. 13 : 75.09 : 4,95 1.95 : R.85
:After 4 days storage at 5°C. : 74.27 : 4,00 : 1.81 s .08
Milk : ; ; ; ;
Two hours after picking on Aug. 13 : 70.00 : 3.78 1.43 : R2.23
:After 4 days storage at 30°C. : 67.67 : 1.25 0.82 : 0.41
:Two hours after picking on Aug. 27 : 57.85 : 2.28 0.92 : 1.29
:After 4 days storage at 5°C. : 57.92 : 1.67 0.84 : 0.79
Late : : 3 : :
Dough : : : : :
:Two hours after picking on Aug. 27 : 56.81 2.09 0.94 1.09
After 4 days storage at 30°C. : 52.81 0.88 0.47 0.39

s 40 24 ew

s e as es s
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5 of which were placed in one respirometer and 5 in another. The 30
kernel respiration samples varied in weight from 9.1 to 10.2 grams for
milk stage kernels and from 13.2 to 14,5 grams for dough stage kernels.
The respiration datas which are the average of duplicate determinations
are given in table 18. Tgble 19 shows the sugar and moisture content
of the same samples. The combined data are presente& graphically in
figure 13. ’

In table 20 are calculated the percentage losses of the respiration
and sugars when field corn in the milk and dough stases is stored at 5°
and 30°C. The corn in the tvo stages showed the same general trends. The
respiration loss for corn stored at 30° was always 5 to 9 times greater
then the loss shown by the corn stored at 5° C. The losscs of the sugars
in the warm stored was about 2 toc 3 times greater than the losses of the
cold stored corn. In general the effect of storage at 30°C. for 4 days
caused an actual decrease of an arerage 51 percent in the respiration,
while an average 7 percent loss occurred when cornwas stored at 5°C.

The actual percentage decrease of sugars was usuelly considersbly greater
than the decrease in resviration.

The fisures in parentheses in table R0 show #he differences in the
percentage decreases of respiration and sugars in corn in the same stage.
of ripeninc stored at the two temperatures. It is dinteresting to note that
the differences of the respirstion and of the sugars agreerather well. The
significance of this and the actual differences of the total sugar and res-—
piration losses when the corn is stored at the two temperatures mayhe
gained from figure 14. The data seer 1t indicate that there is no parallel—
ssm betreen the rate of sugar loss and the rate of loss of respirstion in

the corn when analyzed after cold and warm storage, bulb this does not



Table 20-—Pe?cent losses of oxygen respiration and sugars when
Reid's Yellow Dent corn is stored at 5° and 30° C. for
four days.

i e —— v -

- .._. 1936 Experiment . o
Stage of :Storage :Decrease in :Decrease in:Decreese in:Decrease in

ripening : irespiration :total sugar: redncing : sucrose
L 2 H s sugar L
: Deg. C ¢ Percent : Percent : Percent : Percent
Millk : 30 : 54,7 : 81.8 : 7R2.2 : 88.2
: 5 H 9.2 : 31.0 : RR.2 : 36.8
4 :  (45.5) : (50.8) : (50.0) : (51.4)
Late 3 30 H 50.6 3 7045 3 59.2 s 7867
dough : : T : :
: 5 : 768 : 35.7 : 2 6.2 : 40.9
: :  42.8) : (34.8) : (33.0) :  (35.8)
1937 Exveriment
Milk : 30 H 49,0 : 66.+9 : 42.6 : 81.6
: 5 : 7l : 19.1 : 7 el : 233
: s {(41.8) ¢ (47.8) : (35.4) : (58.3)
Late & : 30 : 48,7 : 57.8 : 50.0 : 6442
dough : : : : :
: 5 : 4.9 : 6.7 : 8.6 : 38.7
¥ : (43.8) ¢ (31.1) : {41.4) : (25.5)

e o et e A b b AR e 8
— -
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exclude the possibility of a correlation between the two within the two
points of analysis. The presents tion of the data in figure 14 does
seem to indicate such a correlation after the respiration and sugar
values have decreased to the values observéd after the period of cold
storage. If the extrapolation of the respiration curve is made until
there is zero loss a value of 20 percent sucgar is ohtained. This agaip
may indicate that a 20 percent loss in sugar may occur before the respir-
ation is effected, and that the parallelism bebween sugar and respiration
may continue frém.this point. It is rather interesting that the extrapol-
ated values of sugar content where no loss is shown in the respiration is

about 20 to 22percent for both the field and sweet corn.



SUMITARY

The Warburg manometer and constant volume type of respirometer was
used as a means to measure the oxygen consumption in some actively respir-
ing plant materials. Tt was shown that care must be exercised to insure
an adecquate supply of oxygen in the respirometer when time rate of res-—
piration curves are studied. The critical oxygen tension for the res-—
viration of immature kernels of Stowell's Evercreen and Reid's Yellow
Dent corn was found to be 15 to 16 percent oxygen.

The relation between the oxygen respiration and moisture and also
sugar content was studied in the two varieties when in the milk stege
and continuved throughout the ripening period. The respiration curve
paralleled the moisture curve in the sweet corn after the moisture had
been reduced to 70 percent. When the corn contained more than this
amount there was a crossing of the curves. In the field coxrn the curves
paralleled throughout the entire study. The total sugars and sucrose
were found to parallel the resniration curve more closely than did the
reducing sugare.

The time rate of respiration curves were studied for 10 hours for
immature wheat kernels at differcnt stages of ripening. The time r ate
curves were not constant but decreased for the milk stage kernels with
61 percent moisture and continued to do so until the moisture content was
reduced to 30 percent. The respiration and moisture curves crossed when
the kernels had 40 to 45 percent moisture. The sugars were not correlated
with the respiration.

The effect of storage of the green sweet and field corn at Sf and

30° on the respiration and sugar content was studied. It wes found thet
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the loss of sugars from milk and early dough stage sweet corn stored

at 30°was 2 +times that lost from corn stored at 5°C. The resniration
loss for corn stored at 30° was about 6 times that loss shown b cormn
stored at 5°C. The sugar losses of field corn stored at 30° was 2.5
times as grest as that lost whenstored a2t 5°, while the respiration loss
of corn stored at 30° was 7 times that lost when stored at 5°. The possi-
Pility of anexisting parsllelism between respiration and svgar is dis-
crssed.

The changes in respiration and sugar content were studied in
sweet corn at 12 hour intervals when the corn was stored at 30°C. for
120 hours. The respiration curve paralleled the sugar curves excent for
the first and fifth days of storage.

The effect of storage of sweet corn kernels &f and on the cob at
30°C. on the respiration and sugar changes was studied. Kernels stored
of f the cob always had a lower respiration rate, lower total sugars and
sucrose, hut the same amount or more of reducing sugar then similar
kernels stored on the cob. The respiration in all of the corn studied
ceemed to be more closely correlated with the total sugars and sucrose

than with the reducing sugarx.
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