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B e
QTUDIES on (1) the effect of temperature at high moisture condi-

tions and at different levels of atmospheric humidity on rooting,
sprouting, inversion of sucrose, and other physiological changes; (2)
the effect of difiereni-levels of humidity at constant temperatures on
the loss of moisture, inversion of sucrose, and other changes in cane
of different varieties and maturity; (3) the effect of certain factors on
loss of moisture in sugarcane; and (4) the influence of various storage
conditions on the extraction of juice and on the milling quality of cane
were the subject of research at the United States Sugar Plant Field
Station, Houma, La., during the peried 1932-44. The findings are
summarized below,

SUMMARY

The date here presented deal with the effects of maturity of cane
on inversion and with the effect of temperature, humidity, and loss
of moisture on germination {(rooting and sprouting), loss of solids,

¢ Submitied for publication February 17, 1948,
Y8227 81

of meisture 38 -
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inversion of sucrose, and other physiologieal changes in hand-harvested
and band-stripped cene of different verieties (Co. 281, Co. 290, P. O.
J. 36-M, C. P. 807, C. P. 28/11, and C. P. 28/19) during storage.

When moisture conditions at various temperatures (37° tc 75° F.)
were such as to more or less maintain the initial water content, root-
ing and sprouting occurred in 12 to 13 days ab 65°, and rooting oc-
curred in 5 days and sprouting in 12 days at 75°.

When the humidity of the storage rooms was reduced to approxi-
mately the same saturation deficit (0.144 inch of mercury) at each
temperature—31°, 62°, 71°, and 80° F.—only slight germination oc-
curred at 80° and none below 80°.

High rmoisture conditions at temperatures from 45° to 75° K. re-
stricted inversion of sucrosc at all temperatures. With the continua-
tion of storage a gradient in the rate of inversion tended to develop,
the rate decreasing with the rise in temperature from 47° to 65° and
sometimes to 75°. ‘This gradient is more evident in susceptible than
in resistant varicties. When lower levels of moisture conditions were
employed, the gradient became steeper by the end of about 3 weeks’
storage. Sometimes this gradi-nt js developed during the first (5 to
9 days) or second (12 to 15 days) period of storage, and always by the
end of 18 to 23 days. In C. P.25/19 and C. P. 807 the initial rate of
inversion in cane stored at a low level of moisture conditions was much
greater at 65° than at 47°.

In some instances this gradient results from an acceleratioa in rate
of inversion &t the lower temperatures and a decelerntion and cessation
ab the hizher temperatures.

~ Two patterns of inversion were evident, one in which the rate was

more or less constant with the continuation of storage and the other
in which inversion was retarded and became more or less stationary
or reached an equilibrivm with the lapse of time. The first type was
common in the varieties Co. 281, Co, 290, and P. 0. J. 36-M, whereas
the second type occurred in certain lots of Co. 281 and Co. 200 and
was characteristic of C. P. 807 and C. P. 28/19.

Both temperature and rate of moisture loss affect equilibrium levels
of inversion of sucrose reached during storage in the varieties C. P. 807
and C. P. 28/19. With the rise in temperature and the decrease in
loss of moisture, equilibrium tends to be reached at a lesser degree of
Inversion.

Normally, the drier the storage conditions, the greater is the amount
of inversion of sucrose.

The loss of solids (primarily invert sugars) through respiration
increased with the rise in temperature of the stornge rooms.  Gener-
ally, the loss of solids did not seem related to the humidity of storage,
although in one instance {table 8) the loss of Brix in the varieties (Jo.
281, Co. 290, C. P. 807, and C. P. 28/19 was consistently greater at
96 percent relative humidity than at 74 percent ai 65° I

The respiration was less in C. P. 807 than in other varieties.

There was no significant change in ash, organic nonsugars, pH, or
acidity during about 3 weeks of storage,

Increased maturity of the cane in some instances seemed to increase
resistance to mversion of sucrose.

Of the varieties studied, Co. 281 on the whole showed the grentest
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resistance to inversion of sucrose. Co. 290 showed slightly less re-
sistance. C. P. 28/19, C. P. 28/11, C. P. 807, and P. 0. J. 36-M
showed considerable susceptibility to inversion. O. P. 28/19 was
the least susceptible of this group. .

REVIEW OF LITERATURE

Other than for limited studies by the writers {12, 18)? on the relation
between moisture loss and errtain changes in the sugnreane stalk, the
separate cffects of controlled temperature, air humidity, and moisture
loss on inversion of suerose nnd other pliysiological changes in barvested
sugareane have not been reported in the literature.

In general, it has been nssumed that within certain temperature
limits the rate of inversion of .ucrose inereased with {he rise in teme-
perature.  On the basis of the cffect of tempernture on chemical renc-
tions, and enzymic hiydrolysis in particular, Barnes {5) assumed that
the rate of inversion of sucrose would decrense s the temperature at
which the cane is stored falls and as long as the bighest temperature is
not above 52° C. {125.6° F.)—the indieated opiimum for enzymic
hydrolysis. . Such a temperatwe would be disruptive of the normal
changes in harvested sugarcane, and it is mueh higher than would be
encountered in stored eane in Leuisinna.

Lee (15), working in the Philippine Islands, reports—on the basis of
observations made on the effeck of temperntures prevailing during
storage of sugarcane in the shade and in the field—a groater rate of
inversion at the highor temperatures.

Rosceafeld (19) laimed correlation between both the nversion of
sucrose and maximum temperatures and the inversion of sucrose asnd
loss 1 weight in eane (P. O. J2 105) stored in the field, in Tgypt.
With reference to temperalure, his conclugion was based on selected
data (only after 24 hours) and it is questionable cven on the basis of
these data, beenuse a gradient in loss of meisture conld also nceount
for the differcnce in inversion at different temperatures revailing dur-
ing thaet period. There was a very close correlation between inver-
sion and loss in woight during the stceessive periods (daily for 8 days)
of storage. '

Sanyul (20) stored harvested sugarenne at a serics of temperatures
from 20° L0 24° t0 47° to 51° (. (68° t0 75.2° to L16.6° to 123.8°F.) in
one instance and from 20° to 40° C. {68° to 104° F.) in another and
observed a greater loss of moisture, as well as a greater rate of inversion
of sucrosce, at the higher temperatures. e atteibuted the dilference
in inversion of sucrose {o the eflects of differences in temperature.
The inciease in the degree of temperatnre may have had the offect af
increasing the rate of nversion, but the results could have been ex-
plained just as logically an the basis of the differences in moisture loss,
which also increased with the inerease in temperature and Ehe inercase
in the rate of inversion.

1 Italie numbers in parentheses rofer 1o Liternture Cited, p. 64

1 Many varietics of sugareane bred st experiment sinfions nre designated by
letters or abbrevintions, usenlly indicating the place or fnstitutions where thev
originated. The meanings of such designations for varieties mentioned in this
bulletin are as follows: C. P.=Canal Point (Fin.), where seedlings sre bred by

the U. B Depar.ment of Agriculture; P, Q0. J. = Proefstation Qost Jnvae sepdbings;
P. 0. J. 36-M=Mingka; Co.=Coimhutere {(India)}.
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Insofar as published reports are concerned, information on the specific
cffect of tempernture on inversion of sverose in harvested sugarcane
remains obscure.

The relation of moisture loss and the maintenance of water content
of mill cone to inversion of sucrese has been the subject of extensive
investigations. Early literature on this subject has been reviewed by
Kuyper {3), Lauritzen and Baleh (11), Rochs and Frota (I8}, and
Rosenfeld (19). The later literature by Rocha and Frota (78} and
by Lauritzen, Baleh, and Fort (12, 13, 14) agree, in the main, with that
of the earlier writers in thet inversion is retarded when loss of moisture
is restricted or prevented.

Healdance (8), in Indin, presented date that indicabted 2 reletion
betsreen loss of moisture in harvested eane and variets] susceptibility
to lnversion of sucrose; 1. e., the variettes Co. 203, Barukh, and Pan-
sahi showoed greater Joss of moisture and inversion of sucrose than Co,
210, Co. 213, Co. 200, and Hemza (FHemja) under he same conditions
of storage. Dafn presented by the writers show that such o relation
does nob apply te every group of varicties (18, 1.4) that has been
studied. In fact, varicties have been discovered that are highly resist-
ant teo inversion despite heavy loss of moisture (I8} -

Cross and Harris (6) obscrved greater loss in weight and in inversion
of sucrose in the varieties ¥. (. J. 36, P. 0. J. 139, 0. J. 213, P. 0. J.
234, Criolla, and Kavangire when stored under weather conditions of
low humidity and high temperature than when stored under cool and
humid conditions.

Preliminnry resulis presented by the writers {(73) show that when
certain varteties (Co. 200, T, P. 867, and C. P. 28/19) were stored at
different humiditics at & given temperature the evaporation and inver-
sion of sucrose woere greater ab the lower relative humidities.

An intimate associntion between the loss of meisture and inversion
of sucrose in the different paris of &he sugareane stalk was discovered
{(12) In conncection with the varieties I O, J. 36-M and Co. 290. No
information has been published on the effect of comparable humidities
(comparable as measured by the evaporaling power of the air) at
diffcrent temperatures on the loss of moisture and inverston of suerose,

Attention has been given to the effeet of some of the physical and
physiological characters of the sugarcance statk on the loss of weight
(largely loss of moisture). Sartoris (21), in Louisiaua, placed stalks
of small and large diameter of cach of the varieties P. Q. 7. 36, P. O. J.
213, P. 0. J. 234, and Louisiane Purple across two rows in the field,
where they remained for 31 davs. In most instances the less in per-
centage of weight was greater in the smadler than in the farger stalks of
the same varichy,

Three-eye cuttings of about the same diameter [rom the middle
portion of stalls of P. 0. J 213 were subjected to four treatments nnd
then stored for 28 days i the laborriory (27). The treatments were:
(1) No treatment (controls), (2} cul ends conted with paraffin, (3)
cut ends mivd root bands paraffined, and () whoele cutiing poarafiined.

The loss in weight of controls was 32.53 pereent; of cutlings with cut
ends paraffined, 15.02 perecent: of vubtings with eut ends nnd root
hands pasaffined, 11,19 pereent; and of cuttings covered with paraf-
fin, 1.8 percent. These results indicated that sbout hall of the
loss of moisture occurred through the cub ends, the next largest
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amount from the internodes, and the least from the root rings, although
on the basis of a unit area the loss was greater from the root rings than
from the internodes. When the cut ends of the whole stalk were
paraffined, the loss in weight was about cqual to that from the whole
stalk, the cut ends of which had not been paraifined.

YWhen stalks (27) were cut into third lengths and stored (presumably
in the field), the loss in weight was greatest in the top third, less in the
middle, aud least in the botiom.

Leuritzen and Balch (/2), working in Louistana with the varieties
P. O. J. 36-M and Co. 299, stored whole stalks and stalks sectioned
into three equal lengths under controlled conditions of temperature
and bumidity, and in the shade in an open shed.  In the whole stalks
that were sectioned after storage there tonded to be a gradient in the
pereentage loss of moisture, the loss being greatest in the top third, less
in the middie third, and least in the bottom third. In P. Q. J. 36-M
this gradient was diserranged in stalks that had been sectioned into
thirds before storage, so that the loss of moeisture tended in most cases
to be groater in the top and bottom scctions than in the middle. In
Clo. 290 there was & corresponding shift in gradient, although the per-
centage of loss in weight m the bottom third remained shghtly less
than that of the middle third. Surprisingly, the loss in weight was
much greater in the unsevered than in the severed top third. This
disnrrangement apparently was due to an intervnption in the cut see-
tions of & movement of moisture from the top towards the bottom of
the unscctioned stalk, resuliing from a higher csmotic pressure in the
lower than in the upper part of the stalk.

The waxy covering of Lhe sugnreane sialk is an effective barrier
against the joss of moisture by evaporation (10), The degree of pro-
tection afforded by the waxy covering varies with the variety.

When samples {30-stalk) arc piled one upon another, the loss of
moisture is less uniform than when they are spread out (12).

Dymond (7}, working with the variely Tba in South Afrien, found
that immature harvested cane or cane of low sucrose content deteri-
orated more rapidly than mature eane or eane of high suerose content.
The details regarding Lhe source of cane and the manner of conducting
the experiments are not given,

Sucrose content between varieties certainly is nob necessarily a
eriterion of susceptibility (78) to inversion. Varieties of low sucrose
contenl may be highly resistant 1o inversion, whereas varicties of high
sucrose content may be highly susceplible.  Suerose content in itself
need not be & measure of maturity except in rane of the same variety
grown under sinilar condilions.

STORAGE CONDITIONS

The eane wis stored in insulaled rooms 10 feet wide, 12 feet long,
and 9.5 lect high, which were cquipped with refrigernting units and
eleetric healing coils that were automatically controiled. The re-
frigera ting units were cooled by direct expansion of ammonia from a
4-ton compressor aulomatically controlled to meet the refrigerating
reguirements of each and all the rooins.  The relative humidity was
controlied by water humidificrs and caleiumn chloride deyers.  In some
instanees, when & high humidity was required, burlap bags were spread
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on the floor and kept wet. The extent of drying was controlled by the
quantity of moisture supplied, the amount of calcium chloride used,
and the size and number of dryers,

Because differential changes in the moisture content of harvestad
sugarcane stalks have a profound effect on inversion of sucrose, it is
necessary, when studying the influence of temperature on inversion,
either to prevent, as nearly as possible, the loss of moisture or to bring
about o similar loss of moisture 2t each temperature. The first condi-
tion was obtained by maintaining at each temperature an atmospheric
content of moisture near saturation. This high humidity was supple-
mented in some experiments by sprinkling the cane from one to three
times daily. The second condition was attained by maintaining ap-
proximate{y he same saturation deficit * and degree of air movement
at each temperature.

The tension of the moisture at the surface of the cane stalk may be
expected to vary with the variety, the osmotic pressure of the sap, the
water content and maturity of the cane, the size of the stalk, and other
factors. 1t is, however, sufficiently uniform in samples of a given
variety of sugarcane stored at the same time to obtain similar [osses
of moisture at a series of constant temperatures when approximately
the same saturation deficit is maintained at each temperature.

The samples were stored in wooden racks, 8 inches above the floor,
and the different lots of cane separated from ome another by open
partitions. In any given season in which the effects of temperature
and humidity were studied, the cane used for cach condition of tem-
perature and humidity was from the sama lot of samples of a given
variety and experiment.

In a given experiment the desired temperature control was generally
within 3 1.0°F. Temperature fluctuntions within the cane stalk must
have been somewhat less than that of the air (7). The values given
in the tables in this bulletin are the average temperatures of the experi-
ments involved. The relative humidity was generzlly controlled
within 2.5 percent.

Dry and wet bulb temperature readings were taken in each room
twice daily by means of o psychrometer upon which was directed the
air from: an 8-inch fan. (Fonstant. movement of air was provided in
each room by a 20-inch fan connected with the refrigeration unit. As
a check on the constaney of temperature and humidity, a hygrothermo-
graph was installed in cach room. These instruments were checked
weekly with a pyschrometer.

VARIETIES

The varictics ® used in the experiments reported in this bulletin were
P. 0. J. 36-M and P. O. J. 213; Co. 281 and Co. 290; and C. P. 807,
Q. P. 2811, C. P. 28/19, C. . 29/94, and C. P. 29/320. Data relative

1 The use of saturation deficit as an ecological index to evaporation haa been sue-
cessfully chalienged biy Leighly (16) and Thornlhwaite (22), except under the very
special conditions under which it was originally defined by Livingston {f7). These
conditions were only partly attained in the experiments reported in this hulietin,
Lut their partial control made it possible to obtain approximately the desired loss
of moisture at different temperatures.

§ Acknowledgment is made to Realty Operafors, Ine., Houma Sugar Co., and to
the estate of H. C. Minar, former owners of the shove properties, for generously
furniwhing most of the cane used in these investigations.
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to P. 0. J. 213 and C. P. 29/94 are not given here but are discussed on
page 41. The verieties were grown on the Hollywood and South-
down plantations near Houma, La., and at the United States Sugar
Plant Field Station, Houmae, La.

SAMPLING

In experiments in which the effect of maturity on inversion of
sucrose was studied, & block of each variety of ¢ane of uniform stand,
sufficiently large (14 to 16 rows from 250 to 300 feet long within a
cut) to provide for 3 successive experiments during a grinding season,
was selected. The blocks were divided into & equal sections along
the rows, and from 12 to 18 feet of each section was harvested for
each test. The cane was hauled to the storage laboratory in planta-
tion wagons and unloaded in the shade of a livs oalk tree to protect
it against excessive loss of moisture during the process of setting up
the experiment.

In loading the cane in the ficld a proportionate amount was taken
from each section for each lond. There were 3 or 4 loads of
g given variety in each test. A few stalks at a time were taken from
each load and arranged in o long pile, with the butt ends placed in
one direction. By this manner of oading canc onto the wagons and
of piling it the cane was thoroughly mixed previous to Lhe selection
of samples. Twenty- or thirty-stalk, and, in a few Instances, 40-
sltalk,lsamples were Lhen selected by drawing stalks at random from
the pile.

For juice analysis the 30-stalk samples were used in experiments
conducted from 1932 to 1937; in later experiments, the 20-stalk
samples were used. In experiments dealing with analysis on a cane
basis 40-stalk samples mostly were used. This method of selection
provided rather uniform: samples for compareble studies at different
temperatures and humidities. After they were selecled and all leaf
and sheath trash had been removed from the stalks, the samples were
tied inte bundles. They were then taken at random, weighed, and
placed in storage. The time consumed in harvesting, sclecting, and
storing the samples was usnally one working day, but occasionally
it was necessary to finish storing the samples the following morning.

It was possible to make two suecessive fesls during each of the
harvesting seasons from 1832 to 193% and three tests during two of
these seasons (1933 and 1934) before the cene became injured by
freezing temperatures.

When the effect of degree of meaturity was not being studied, only
enough cane for one test was selected; otherwise, the procedure was
the same as in the maturity studies.

METHODS OF ANALYSIS
Haxp-MiLn Juice

The methods employed in juice analyses have been previously
deseribed (12). The mill tests were conducted in the manner developed
by Arceneaux, Krumbhaar, and Bisland (2). In fact, the tests were
conducted under the supervision of George Arceneatix, senior agrono-
mist, United States Sugar Plant Field Station, Hloume, La.
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Cane Basis

PREPARATION OF CANE FOR ANALYSIS

A Wiley laboratory mill, aitered in minor details, and the following
technique were used for disintegration of the cane. The regular
receiving drawer of the mill was removed, and the discharge unit was
fitted with a copper sleeve that closed the opening in the drawer and
alse provided a spout to a receiver placed aé the end of the sleeve to
prevent loss of material. The entire sample of cane {usually 40
stalks) was fed through the mill, 1 stalk at a time, without screening
the discharge of the mill, so thet the cane was merely chopped into
approximately X-inch pieces. The recciver (5-gallon capacity) was
kept covered, except for the spout opening, to reduce loss of moisture.
When it became fAlled, the contents were transferred to a large gal-
vanized iron tub, which was also kept covered

After the entire sampie had been chopped and transferred to the
tub, the cane was thoroughty mixed. A sample of about 5 pounds
was obtained by picking handfuls of cane from different paris of
the tub. This reduced sample was agnin pub through the Wiley
mill but with the sereen (heving }-inch openings) in place, so as to
hold the material 1n the mill until entirely shredded. The shredded
materinl remaining in the mill at the end of the grinding was com-
bined with the pulp that had passed through the sereen, and the
total sample was then thoroughly mixed. At oli times the sample
material was kepi protected lrorn evaporation as muech as possible
by heavy oileloth coverings. The toial time required for disinte-
crating & sample ready for anualvsis was about o hall hour,

ANALYSIS FOR TRUE SUCROSE ON CANE BASIS

A normzel weight solution of the cane was prepared by o cold-water
diffusion procedure similar to that used in the analysis of sugar beets.
Five normal weizhts (130 gm.} of the cane pulp were weighed into o
tared, 600-ce. botile, to which was added a ealeulnted quantity of
wiiter (by weight) to vield a liquid phase of 500 ce.  Three grams of
Horne’s basic lead acetate was then added, the bottle stoppered, and
the contents intermitiently shaken during s half-hour diffusion
period.  The mixture was then filtered and the filtrate deleaded and
used for sucrose and reducing sugar delerminations,

The ealculation of the quantity of water to be added to make up
{he normal weight diffusion involves the fiber content of the cane and
the juice density. As moderate variations in liher and juice quality,
however, do not have a significant elfect on the volume of water
needed, it is possible 1o use aversge values as determnined on the
different sugareane varieties {or these water factoss.  For an example
of the calculation, assume (hat he normal composilion for n cane
variety was 15 percent fiber and &5 pereent juice of 15° Brix {sp. gr.
1.06), the 130 gm. of canc thus conlain 195 gm. of fiber and 1105
gm. of solution, or 110.5/1.06, which i3 104 ce. juiee {nearest whole
number). By subtracting 104 {rom 500, a value of 396 ec., or grams,
of water is obtainrd, which is the gquanlity necded fo be added to
vield o normal weight solution.
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When analyzing the cane after storage, the weight of cane used was
adjusted for the change in weight of the whole cane. Thus, if a cane
sample lost 10 percent in weight, the weight of material used in
analysis was 117 gm.,, and the water added was correspondingly
inereased to 409 gm. Thus, the determinations made were automati-
cally on the original weight basis. The water factors, which were
used for fresh cane of the three common warieties, wers as [ollows:
Co. 281, 394 gm.; Co. 290, 389 gm.; and C. P. 28/19, 396 gm. Ac-
tually, if subsequent analyses show the fiber content andfor the juice
density to be abnormal, then the values obtained can be corrected to
the determined basis. It was {ound that the limits of accuracy in
polarizations or other work very rarely justify corrections.

If roducing suzars are to be determined, it is important that the
quantity of dry lead used for clarification leaves the juice still acid.
The 3 gm. recommended did this on the samples examined, but larger
or smaller quantities might be required under other circumstances.
The delending was done with a dry, pulverized mixture composed of
7 parts disodium phosphate to 3 parts sodium oxalate, using the
minimum quantity for complete deleading. A small quantity of
filter-aid was used in the delending filtration to obtain a clear filtrate.

True sucrose was determined on the clarified normal weight solution
of cane by the invertnse metbod, making the invert readings at 20°
C. (8, pp. 491-494). Reducing sugars were determined by the
Lanc-Eynon titration method (3, pp. 498-500, 688) on a portion of the
same clarified solution.

DETERMINATION OF SOLUBLE PRY SOLIDS AND TRUE PURITY

A normal weight diffusate was prepared in the same manner as that
for sucrosc analysis, except that no dlarification agent was added.
Tiltration was slower and was allowed to proceced until about 300 mi.
of Gltrate was obtained. Twenty ml. of the diffusate was added to a
dry tared sand dish and eveporaied on a boiling water bath to a stiff
consistency and stirred frequently while continuing the drying until
the mixture was fluffy, Drying was completed in a vacuum oven at
70° C. and 27-inch vacuum for 20 hours, with a slow flow of dry air
through the oven (3, p. 485).

The weight of juice solids was calculnted on the percentage hasis and
used in connection with the true sucrose in caleulating the true purity
quotient, )

Other determinntions, such as ash, pH, acidity, and gums, may be
made on this same type of diffusate.

EXPERIMENTAL DATA
TemrEraTukE AND Hicx Moistune CoNnpiTiONs

During the harvesting sensons 1932-30, a scries of experiments
were conducted for the purpese of studying the effect of temperatures,
ranging from slightly above {reezing (37%) 1o 75° ¥., on rooling,
sprouting, inversion of sucrose, and other physiological changes under
high moisture conditions. The experiments conducted during the
harvesting season of 1932 were largely preliminary and will not be
discussed here except to state that the data oblained are in agreement
with those obtained in later experiments.

182227*—18——2
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During the harvesting season of 1933 web burlap bags were draped
over the cut basal and top ends of the sugarcane stalks of ell samples,
and these bags were sprinkled three times daily. Treatment of the
cane in 1934 wa. the same as that in 1933, except that the bags were
wet only once a day. In 1935 and 1936 the burlap bags were omitied,
but the cane was sprinkled once a day. Fhe progressive decrease in
the quantity of moisture applied was scheduled, beeause experience
indiceted that the addition of so much water was not required to
maintain approximately the initial water conkent of the stalk, which
was judged by the weight of the cane samples before and after storage,
The loss in weight, resilting from loss of solids, was so small that it
could not be determined from gross weights and, consequently, is
ignored in this connection.

RooOTING AND SPROUTING

There was 8 certain amount of rooting and sprouting at tempera-
tures from 66° to 75° F., but none at any of the temperatures used
below 66°. Because of the effeet that rooting and sprouting had on
the loss of sugars, data obtained during 1933 and 1934 relating to these
phenomena are given in table 1. The shortest period in which rooting
was observed at 66° was 12 days. Because in some instances rooting
was absent after 12 and 13 days of storage, it would scem that suel:
periods approximate the time required for rooting.  Although sprout-
ing occurred at 66° F. as carly as the twelfth day, it was absent in

_two instances during the first 14 days of sterage, in one instance after
16 days, and in another after 19 days. At a temperature of 75°
rooting occurred as early as 5 days, although in many instances it was
absent during 5 to 7 days of sterage. By the end of 9 te 14 days
rooting was always present. No sprouting occurrcd in the first
period of storage (5 to 9 days), but it did occur in all instanees during
12 to 16 days of storage except in the ease of P, Q. J. 36~M in experi-
ment 1 conducted during 1933 (table 1) when no sprouting vecurred
in 12 days.

inversioX oF Sucrost anp Oruen CHANGES

The data recorded in tables 2, 3, 4, and 5 were obtained from three
successive experiments conducted during the harvesting season of
1933-34. 'The values given in tables 2 and 3 are averages of juice
analysis of cach of five 3¢-stalk samples. The vatues in tables 4 and
5 were obtained from compesite semples (in duplicate) fron the juiee
of ench of the same five canc samples.  qual quantities of juice from
each cane sample were mixed and two snmples of Lthe mixture used for
detailed analysis. The theoretical sugnr yields (table 2) were deter-
mined by a simplified method of caleulation {1}, The sugar yiekls
(table 2) from stored samples were vorrected for change i weight
during storage. The Brix values (lable 3), the dry substance values
{table 4), and sucrose and invert sugar in juice values (table 5) also
were corrected for chonges in weight, The originul Brix was used in
calculating apparent purities of juices of stored samples.

Littic change in weight occurred in any sample {table 2) during
storage. More often there was & gain in weight, indicating thet water
was absorbed by many of the samples.




INVERSION OF SUCROSE IN HARVESTED SUGARCANE

Tasue 1.—Raoting and sprouling in wet cane stored al high relative humidity

at 86° and 76° F, for different periods of time, 1988-34

11

Tomperaturo and relative humidity
Verkty Bxpor-) Duteol | Dura- | 64 F. and 07-08 pereont | 789 F. and 95-08 pereont
Mo | ing dats | storage |~
Rootin Snrouting Rootin Hrnrovtiog
{lengtis Jenptisy (tangth, longtk)
1088 Days Inches Inchea Tnches Trches
Nov. 3 ataQ ] Gloi., 0
foosen 4Ny, 10 611tn2 1] 1t08 3g:
Nov, 1T 2| 1ted 38 1tol OtoB
oy, gln a Q a
Co. 281 {2 s A NOY, 27 1310 a 2 18
Dee. 4 M| 1tod I8 1t0 19 0to 12
Bee, 13 T8 0 1% 0
e fiDee. 20 151 1to4 38 tto7 Otod
oo, B 2 it Qioi 1ta 1) 0to®
Nov., & Hi0 [ G50l 0
| S 1 h\&w. 13 g : to2 gs imii IS
: Nov, M tod o8 0tlo i2
Co. 200, amnnneee oy 5 5|e 0 H] 0
Seeres-1Beg 1 0] 1tok [VETER] KRR 010 10
Savanadd Dee, 1B GG 0 gigl 0
{Cct. 33 510 0 L} 0
boeemo iNOV, B 120 1} 1teld 0
HNov. 13 Mmiiles 0 1108 I8
iINev, 24 slo 0 J8 0
P.C.F36-M {2, !1 fog, 1 13|10 1] itod Ota?
: ADve, 8 m | 1te2 15 18 Otad
| Dee. 15 7@ 0 dto 1.5 0
3eua§Dee. 22 14 ftod Giod? 1te il Niogd
jiDee, 20 2131085 Gtol.d 1ie il Otol3
HNow, 1 5i6 n Giol 0
T 4Nov, 8 [N Q ltod 18
. LNev. t5 wlitos s 168 0to 10
i {Nov, 22 ile 0 4 0
C.P. 8O ... LA Ny, 8 1478 1 1t0d G007
ADee, 8 21 - Tl 15 {0 liolz
a1t 6’9 1 [ 0
3. fDec, 18 R ] 0 Ttod Dol
Tiee. 20 20| Ftod Gipl 1io10 Ot 14
108t
Oot, 20 LA 1 G 0
S Nov. 2 13§ it G 2in-l 8
i Q’m‘. 0 . Sted gto! gto ] gto 8.5
J{Nov. 10 T '
C. P 2, iNo. 3 1intol ¢ 21035 001
Nov, 30 2y 1tads I8 Jtold Ntod
N {Dam 7 710 o a 0
srer=s[ee, 2L o1 8, ] 11012 Stogs
Get, 29 60 B [ n
Lo {Nov, 5 13§50t [t} 2to4 18
Nov, 12 M. 1i0s et w—— LT JEto4
Nov, 19 &1 0 G g 0
[ T 1 AR 2., Nov. 20 15778 Jg 2io4 ISto2
: Dee. 3 M 2tod JS5 13 Al ntod
: Dee. 10 50 is 0
Hau.. iBee 17 13i0to2 2ot JSlol
. Dos. 24 o iniel ISt0.7 Jon Stos
! Oct. 31 6lo hy 8 g
P ..‘,,1:\'9\. 7 13 .5t0 L6 0 dto 4 JEw LS
iINov, 14 i2ted i5 $108 JStog
. R0 2 B ISt o X Istota
0,200 L aeeeea.- 42 L qNov, 28 I8 ] i Stal.
1!‘!«-. 5 % Atod i8 5lod ISto4
l Deg, 12 70 f f [
3., aiDee 12 Mytind L [P
iher, 28 21 I Jte? JRin i3 ftol2 Glc i
Hxov, § [RK) i} 0 ]
Lo ANov 12t 131 iS04 D 1tos iSta2s
Nov, 19 2| 3td s FRTIRT 1109
| Xov. 2 510 [t} 0 1}
Q. P87 ceeminb2i0 qDiee. 3 121 38101 IS8 2403 Stod
: hee, 30 1038 JEto18 2t 4 Jto3a
! jjiree, M Ton ¢ #
Beaen i Dpe, 2 4 Lin3E ISl .8 2104 pLLL]
Pee, M 12 1tos J5 tn.§ 2t b 1t0d 5

! Durlng 1033 and 1534 wet l‘)rz-rl'.ﬂ.fi' hags were dmped over tho omls of Lhe stalks, They were sprinkled
thres tiines a dny durlag 1933 and cace b day durlng 1034,

1 Just startiog.




TABLE 2.—Gain or loss of 96° sugar, rise or fall in purily,

turities stored at high humidities ' (95 lo 98 percenl re

and gain or los
lative h

CO. 281 (FIRST-YEAR STUBBLE)

s 7 weight in mill cane of 4 )
umidily) al different temperalures durmg 19,

varieties of sugarcane of different ma-
3334

Experiment | Dato of
No. | analysis

Dura-
tion of
storuge

Initinl
yicld
of 96°
sugar

per ton
of cane

Qain (+) or loss (—) of 86° sugar at temperatures of—

puri

Rise (+) or fall (—) in apparent

ty st temperatures of—

Gai (4) or loss (=) in weight
of cane at temperatures of—

46° F. | 56° F.

66° F.

75° F.

46° F.

5° F.

66° F.

75° F.

66° F.

75° F.

46° F.

56° F.

66° F.

75° F.

Ditference
Diflerence for P=0.01.

Nov. 14
Nov. 20
Nov. 27
Dec. 4
Difference for P=0.05.
Diflerenee for P=0.01.

Dec.. 6

3 Dec. 13
== esmem======11 Dee. 20

R Dec. 28
Diflerence for P=0.05,

_Difference for P=0.01.

Days
0
9
16
23

Pounds
161.7

Pounds | Pounds

—LA
-0.5

Pounds

Pounds

Percent

Percent

%
-9

Percent

Pereent

Percent

Percent

Percent

Percent.

Folo

+.8
+.9

TFo.5
4.3
+

+0.7
+.4
+.8

+0.5
-2
+.2

PLANT

Oct, 3t
Nov. 6
Nov. 13
Nov. 20
Diflerence for =0.05.
Différence for P=0.0L
Nov, 22
Nov. 27
Dec. 11
Diflerence for P=0.05.
Difference for P=0.01.

Dee. 12
Dec. 18
1934
: Jan, 2
Difference for P=0.05.

Difference {or P=0.0L1

2.
+.
-2,

=53

=51

—~10.5
—=1L1

P

+.6
-0

1.38
L8

—0.8
~24.9

=6.2

-7.1

=59

-3.5
—13.3

—12

—-3.3
1,68

2.2

t Wet burlap bags draped the cut ends of all stalks. These bugs were sprinkled 3 times a dsy during storage.

9
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INVERSION OF SUCROSE IN HARVESTED SUGARCANE

e A L lals I lal-2o] N

g1 riy 1o FI07 o i

e -om

L + ra 1N
[+o : 441 [

@ _=
e

N>

rg+

=18

~8.5
3.96
2.30
3.08

—15.4 |~11.7
Ii3
Z5a

-0.7
—6.6
-7.0
—7.9

0
9

=15
-~7.3
~11.6
-1,
-2
-G.1

—=0.7
~12.9
—-18.4

—4.6

-3
S (1% 1) FRRRSNINN DA
~12.2

—-1L0
—6.2
—9.5
-9.5

—4.7
~16.8
29.3
—3.0

=1L3
—5.7

—12.8

—13.5

-0.7

—3.1
-16.8
-15.1

C. P. 807 (FIRST-YEAR STUBBLE)

)
B
5}
2]
]
=]
=
w
~
<
(=]
o
&=
1773
=t
<)
L
b
&
bl
-
o
Y

-1.6
—4.5
9.4
—11.8
—1L3
—-11.8

-7.2
—-17.1
=10.1
-15.5
—15.4

—8.3
—~20.8
—22.0.1

19§ ..

1
8

Difference for P=0.05 |.
8

1
8

Nov. 15

Differencefor P

0.05.}.

Nov. 18
Nov. 24
Dec.
Dec.
Dee. 15
3-‘"-‘"--""Dcc. 22
Dee. 29
Diflerence for P=0.05.
Nov.
Nov.

Dec.

Difference for P=0.05.}.....

Diflerence for P=0.05
Difference for P=0.01
Ditference for P=0.01.
Ditference for £=0.01
Difference for P=0.01,
Difference for £=0.05.
Ditference for P=0.01
Difference for P=0.01

S SR
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TasLe 3.~~Change in Briz value in juice from 4 varieties of cane stored at high humidily ai 4 tempe
198334 in 8 experiments (same experiments from which data in tables 2, 4,

ratures for different intervals of time during
and § were derived)

Experiment No.

Varicty

Co. 281 (first-vear stubble)

Co. 200 (plant cane)

Loss (—) or gal

1 (-+) of Brix at temper-

Loss-(—) or gain (+4) of Brix at temper-

Duration tures of— Duration atures of—
of stor- of stor-
age age .
46° F. 56° I, 66° F. 75° F. 46° F. 56° F. 66° F. 75° F.
Days Degrees | Degrees | Degrees | Degrees Days Degrees | "Degrees | Degrees | Degress
9 —0.30 —0. 10 —0.34 —0.30 6 +0. 04 —0.08 ~0.23 ~0.22
1. 16 - —. 58 —. 8t 13 - —.08 —.51 —. (9
23 - =, 59 —.86 20 —.26 —.28 —. 40 —.43
(] —. 10 -.22 -~ 34 5 .30 —.28 —. 10 -—. 44
2. - - 13 —.40 —, 61 —~.62 19 — 22 -.17 —. 50 —.72
20 —. 42 —. 50 —.85 - .
. 7 ~.15 —. 43 —-.27 [ +.02 -4 —.25 -2t
3.. : . . . 14 —.19 —. 35 —. 44 21 =.08 - —. 31 —.89
. 22 —.12 .10 —. 54
Average loss in Brix per day during storage in the 3 experiments:
First periotde . vuuoo. . -.025 —.032 —. 045 —. 041 —.041 —.071 =034 —.051
First and second periods -, 61 —.010 —. 036 —.043 —. 025 —~.007 - 039 —.053
Al) 3 periods... i -.13 -~.017 -, 021 —. 035 —. 013 —. 017 —.021] -, 035
|
P. 0. 7. 36-M (first-year stubble) C. P. 807 (first-year stubble)

5 —+0.03 1] +0.15 ~0.07 5 —0.08 -0.11 —0.23 —0.01
1. . _— 12 =+.03 —-.28 —.41 —.42 12 -0 —.13 -, 31 —.43
19 —17 —.32 —~. 45 - 77 19 - 03 —.18 - —. 55
f ~.21 -—.30 —.28 —. 35 7 —. 00 -.09 +.11 - 14
2. - 13 —.03 —.44 . 54 7 ~. 06 —.20 —.41 —.49
2 -, 33 ~.41 -, ;.)’4 ;, 22 —-.‘2{13 _—i:, 81/

7 .03 - 24 -, 04 A -1 .
3. - { 14 Gl =17 —.15 -7 —. 2%
21 —.25 .62 —.02 —.24 =2t —.37

Average loss in Brix per day during storage in 3 experiments:

First period... . ~. 008 —. 030 —.002 - —.013 —. 008
First and second periods —. 000 =.028 -~.007 - 012 —.023 —.030
All 3 period — 013 { —.023 —.005{ ~—.010 | —.012 —.026

i4!
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TABLE 4—Dry substance, true purity, invert sugars, organic nonsugars, ash, pH, and actdity in juice from cane analyzed before storage and
changes in these values in juice, from cane of 4 varieties stored at relative humidities ranging from 95 o 98 percent! at 4 lemperalures during
1933-34

CO. 281 (FIRST-YEAR STUBBLE)

. Initial { ‘Gain (4} or loss (—) of true . =
Initial | Loss of dry substance at tem- [ true purity” (percent sucrose on {gl,tg:_‘g G'S‘L':mg')(o(:{. ‘11‘;55 éugs&;&l)vegg

dry peratures of— purity dry substance) at tempera- N oy
Date of analysis sub- (sucrose}  tures of— (f)lr'lg%? temperatures of
stance on dry sub- y

in juice : sub- stance)
. 56° F. | 66° F. | 75° F. |{stunce) | 46° F. | 56° ¥. | 66° F. | 75° .

Experiment
No..

46°F. | 56° F. | 66° F.

»

Per- Per- Per- Per- Per- Per- Per- Per- Per- Per- Per- Per-
1988 cent cent cent cent cent cent cent cenl cent
Oct.. 25 to Nov. 17 i 2 14.60 . . 0.64 0.981 83.90 1 —2.87 { —0.42 | ~0.74 | —~0.68 8,2t
Nov. 14 to Dec. 4. 16,39 .65 .95 | 80,38 | —2.88|.—1.71 | —1.67| —2.55 3.90
Dee.:6 to Dec. 28 16,79 . .45 L757 91.36 | —.66{ =.67) —1.05 ] —1.92 1.99

CO. 200 (PLANT CANE)

Oct, 31 to Nov, 20 . weerse 0.127 0.18| 0.34 3 78.93 | —1.83 | =0.57 | 40.17
Nov. 22 to Dee, 11 14 .09 .22 .38 . 83.50 | —1.77 [ ~1.63 [ —1.45
Dee. 1210 Jan. 2, 1933 - .20 .47 57 84,64 | —82| —13]| —.40

P. 0. J. 36-M (FIRST-YEAR STUBBLE)

Oct. 25 to Nov. 13_... 0.34 0.38 0.53 0.89 3 ~7.36
Nov.'18 to Dec. 8. X .29 42 .52 .43 3 —6.78
Dee. 8'to Dec. 29... T .59 .53 .73 . —4.30

C. P. 807 (FIRST-YEAR STUBBLE)

0| —4.17
3 { —8.07
6 | —4.27

7
4
2

Oct. 27 to Nov. 15, 0.34 0.24 5 84.
Nov. 15 to Dee, ... . A7 .44 ST | 88,
Dec. 5 to Dee. 26 J06 34 .38 .52 1 90,

ANVOEVONS dAISTAYVHE NI HS0¥ONS J0 NOISHHANG
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TABLE 4—Dry substance, true purity,

1933-84—Continued

invert sugars, organic nonsugars,

) ; ash, pH, and acidily in juice from cane analyzed before storage and
changes in these values tn juice, from cane of 4 variclies stored al relative humidities ranging from 96 to 98 percen

CO. 281 (FIRST-YEATL. STUBBLE)

1 at 4 temperalures during

Tnitial ' ‘
Gain () or loss (—) -of organic Gain (+) or loss (=) in ash
Dura- °r§g:{° nonsugars (on dry substance) I':gll]“l (on dry substarice) “at tem-

Experiment No. Date of analysis ofus‘:rolr- sugnrs | B temperatures of— (on dry| - Peratures of—
” (on dry| sub-
BE stib- i stanco)
stanco) | 46° F., | 56° F. { 66° F. | 76° F. 40°F. | 56° F, | 66° F. | 76 F.
Per- | -Per- Per- Per- Per- Per- Per- Per- Per- Per-
1938 Days cent cent cent cent cent cent cent cent cent cent
Oct. 25 to Nov, 17.... . ———i 23 4.24 | 40,35 | +0.28 | 40.82 +0.28 3.65 7 -+0.21 | +0.20 | +0.19 +0.20
Nov. 14 to Dee. 4. hae e 20 3.56 40 | 400 .06 4,93 3.16 |-~ +.26| +--28 +.47
Dec, 6 to Dee. 28.. s —— 2 3.39 44 | .55 .80 | 404 3.26 +.03 ¢ 406 .22
CO. 200 (PLANT CANE)
QOct. 31 to Nov. 20... 20 4.54 | 40.33| 40.50 { +0.39 | --0.38 5.32 | 40.41 | 40,18 | +-0.08 +0.47
Nov. 22 to Dee. 11 19 4.05{ 4+1.33 | +1.20 | +1.20 “+.60 5.21 +.12 -+.27 =+.25 -+.48
B eoierosnveswesnmnnened DOC 12 10 Jan, 2, 100 21 4.87 —.22 —.37 —.23 - 20 5.26 +.04 +.11 .20 +.49
. 0. T, 36-M (FIRST-YEAR STUBBLE)
i hameomrismmnnnwmmiasas] Oct, 25 to Nov, 13 .. - e 19 ' 503 | 40,08 | 4-0.43 | 4-0.27 | ~0.57 4,07 | 40.22 [ 40.21 | 40.17 -4-0.30
Nov. 18 to Dec¢ § 20 5.00 - 37 —.14 —.18 - 52 3.76 <. 06 =+.14 -+.07 ~+.13
Dec. 8 to Dec. 20, - 21 4.42 | +.75 } +1.12 | 41,01 +.77 3.80{ 4.0 +.22] +.18 +.36
C. P. 807 (FIRST-YEAR STUBBLE)

1 Oct. 27 to Nov, 15 PSR - 19 4,93 | —0.37 | 4+0.08 [ —0.25 | —0.17 3.61 | —0.01 | 40.00 | —0.04 | 40.05
2. e Nov. 15to Dee. 8 Lveannian i ewad pma e n e S —— 21 3791 .37 4.51 | 130 4.50 3.10 | +.26| +.23| +.28 +.30
3 Dec. 5 to Déc. 26, - - 21 3. +.37 1 .00 46 | 4.4 2.05( .14 4.0 | +21 +.30

9
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CO. 281 (FIRST-YEAR STUBBLE)

Initial .
Incroase (++) or decrease (—) in nculity I:ccll;tms}? (g'*i).gr)?‘fgﬁu%’o‘,(]golg

Iniﬂul PLLat temperatures of— l(\(‘)alou juice) at temperatures of—
p 1

Experiment No. . Date of analysis

46° F, L 75° F. | julco) | 46° F. | 56° F.} 66° F,| 75° F.

Ce. Ce. Ce.

Qct. 25.to Nov, 17 23 5,214 40. 11 3 +0.07 1.60 } —0.00 -0.08
Nowv, 1410 Dec 4., § 20 5.27 —.03 - 144 -+.12 +.00
Dee. 60 Dee. 28. . covens » 22 5.28 | +4.05{ + . . —-. 04 —. 06

§——8%—o 132382
e

CO. 200 (PLANT CANE)

Oct. 31 toNov. 20 . ., 20| 5220 40.061
-1 Now, 22 to Dec, 11 19 .00
Dec. 12 to Jan. %, 103 al &m| £0

P. 0. J. 36-M (FIRST-YEAR STUDBLE)

Qct, 25 to Nov, 13.,. . 19 3 +0.13 | 40.15
Nov. 18 to Dee, 8. . 20 3 +.01 | 4.08
Dee. 8 to Dec. 29, . 21 3 4,03 [ 4,04

.

Q. P. 807 (FIRST-YEAR STUBBLE)

Oct: 27 to Nov. 15 19 3 +0.01 | 4-0.04
Nov. 1510 Dec. § 21 L 3 - M| ~.0
Dee. § to Dee. 26 . 21 5 +.06 §. +.08

1'Wet burlap bags draped the cut.ends of o]l stalks. ‘These bags were sprinkled three times daily during storago,
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TasLe 5.—Loss of true sucrose and change of inverl sugars in juice of first-year stubble of 4 varieties of sugarcane slored under controlled conditions
of lemperature and humidity ! in 3 successive experiments during the harvesting season of 1933-34

Varlety

‘Experiment No.

Date of analysis

Dura-~
tion of
storage

Loss of true sucrose in jufce at—

Quin (+) or loss {(—) of Invert sugars-in
joice at—

40° F.

56° F,

66° F.

75° F.

46° F.

66° F,

75° F.

CO. 281, p i vwervemiminmnnins

Average loss of true su-«
crose per day.

Average Increase or de-
crense in invert sugnrs
per-day,

Co 200 . oiinimmansnnaan

Average loss of trup su-
crose per doy, )
Avernge incredase or de-
creasa in invert sugars

per day,

PO L 86 M eeeiaan .

Average loss of trup sus |

crose per day,

Avernpe Incrense or de-3,

crease In fuvert sugars
per day,

(0700 DO 1 SR

Average loss of frue su«
crose por day.

Average inerease or de- |-

crease in Invert sugars
per day.

| R N

1833
Oct, 2510 NOV, 17cciimmmncconznces
Nov, 14'to Dee, 4...mnn
Dec. 6 to Dee, 28 cvemvnameccns ——

Days

Percent
.85
+~18

Percent
, !

.71
a7

o i

Percent
0.64
.84
.58

Percent
0.92
1.24

00

Percent

Percent

o
+.16

Pereent
7

) QS
LR

-

1 Dee, 8to Dee, 20

. 032

048

—-0.09
04
. 02

R LT T T ey

Oct. 31 to Nov, 20.......
Nov, 2210 Dee 11 ..
Dec, 12 to-Jan, 2, 1934 .

—.005

=4
-0t
+.04

e e kR i e s

Oct. 25 to Nov. 13....
Nov. 18 to Dec. 8

W Ry St e

-, 002

4,26
+.35
.26

Oct, 2710 Nov. 15 v ciomcioannnns
Nov. 1510 Dee. 8. wnes
Dee, 510 Dec. 20, ..

+. 037

4 018

-3
4113
+. 46

.35
+.43
+.33

s

+.037

PR

+.018

mmambomos

+.011
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¥ The relative humidity at each temperature was near the saturation peint. Wet burlap bags draped the ends of the stalks,

storage.

9

These bags were sprinkled three times dally during
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INVERSION OF SUCROSE IN HARVESTED SUGARCANE 19

The cane of each varicty used in the {bres successive experiments
was of three different levels of maturity, as indicated by the dry
substance values, purities, and sugar yiclds per ton of cane; the cane
incrensed in total solids, sucrose content, and in purity of the juice
with the advance of the season. Between varieties these values were
not at the same level. The nearest approach of the values to being
at the same levels were those of Co. 281 and C. P. 807. The other two
varicties differed between themselves in these values and also differed
greatly from those of Co. 281 and C. P. 807. Many varieties never
nttein the same sucrose content and purity of juice; hence, it is
impracticable to compare inversion in canc of such varieties at the
same levele of these values. Even in varicties that attain the same
sucrose content, the time at wlich it is attained often differs, making
comparison dillicult, It is felt that it is more important to compsre
varieties of the same age and that other factors of maturity meay play
a part in regulating the amount of inversion, making difficult the
comparison of varieties on any other basis than age.

In order to obtain a fairly accurnte conception of the quantity of
inversion of sucrose at each of several temperatures and humidities,
three procedures were followed in these investigations: (1) The
analysis was limited to Brix and polarization readings of hand-mill
extracted juice, (2) true sucrose and soluble solids analyses were made
of juice from the samples used in (1), and (3) true sucrose and soluble
solids analyses were made on o cane basis of solutions of juice obtained
from thoreughly disintegrated cane by cold water diffusion. Each
one of these procedures has its advantages and its limitations. Because
of the small amount of time required to make Brix and polarization
readings (procedure 1), o large number of samples can be analyzed
periodicelly, thus reducing to 2 minimum the error due to cane
sampling and making it possible to follow the course of inversion more
minutely than by using procedurcs 2 and 3. The chemical analyses
are more accurate and detailed in procedures 2 and 3 than in pro-
cedure 1.

The same number of samples were used in procedure 2 as in pro-
cedure 1 and, consequently, data of the same degree of accuracy were
obtained. The variability of the samples was obscured, however, by
compositing the juice of the different samples of cane. Furthermore,
because of the amount of work involved in chemical analyses in
precedure 2, the number of separate determingtions was limited,
and in experiments involying four varictics and six environmental
conditions it was not possible Lo make frequent analyses. Because of
the lahor involved in preparation of the cane samples for analyses in
proceclure 3, the number of cane samples that were analyzed at a
given time was limited, thus giving rise o considerable error hecause
of insufficient samples. The frequencey of taking samples was limited
for the same reason and also beeause of the time required for the more
detailed ehemical anslyses.

A further error enters into this procedure because of the difficulty
of obtaining a representative sample of the small piece of cane and of
the disintegrated cane, which consisted of finely divided pulp of
parenchymatous tissue and the macerated fiber. Procedure 3 has an
advantage over procedures 1 and 2 in that it is more representative
of the scluble phase of the cane itself and includes also fiber deter-
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ininations. Despite the limifations of cach of the procedures, the
results, insofar as they are parallel, appesar 10 be in essential agreement.

The changes in caleulated yields of 96° sugar given in the verious
tables are not to be regarded #s representing the actual changes in the
sucrose oceurring during storage but mercly as tho effect of these
changes on the recovery of 96° sugar. They do, however, give o
rensongble indication of the loss of suerose due to inversion.  When the
inversion of sucrose is large, the difference in calcultted yields permits
contrasts botween varieties, temperatures, humidities, and successive
periods of storage. Such data also arc of considerable practical im-
portance because they indiente the quantity of 96° sugar that can be
obtained from cane stored under varied conditions.

When cane is stored at o common temperature and the production
of invert sugars through inversion of sucrose is greater tham thelr
destruetion through respiration, it is possible by the use of apparent
and, particularly, true purity to compare rates of inversion in different
lots of different varicties of cane of the snme and different trestments
and under conditions of storage other than temperature. When the
difference in rate of inversion is large, such a comparison is greatly
facilitated. When cene is stored at different temperatures, the purity
values obtained are not merely aflected by inversion but by a differ-
entiel utilization of invert sugers through respiration (table 3). Tho
rate of utilization increases with the risc in temperature and results
in a corresponding relardation in the drop in purity. Furthermore,
when sucrose is converted into invert sugars there is an incrense in
weight of sugars in the ratio of 95:100. The Brix and soluble solids
are thus slighlly increased in amount and, in turn, the purity is
shightly lowered. When the rate of inversion differs there is & differ-
entinl effect on Brix, soluble solids, und purity valuces.

To care for the differential utilization of scluble solids {mostly, if
not entirely, invert sugars) through respiration at different temper-
atores (tables 3 and 5), the apparent purities were determined from
the apparent sucrose {corrected for weight changeY obtained after the
various periods of storage and from the original Brix, Thus caleulated,
the apparent puritics become a more dircet measure of rates as affected
hy temperature. This procedure was followed in all experiments
dealing with different temperatures.

T'nder storage conditions restricting inversion it is not always
possible to distinguish clearly the relative susceptibiiity to inversion
of sucrose of varieties with rolatively small differences in susceptibility.
Similarly, difficulty is experienced in distinguishing the effect of the
degree of maturity on inversion. Another factor that makes it difli-
cult to interpret results relating to differences in variety and in
maturity of the cane is the duration of {he storage periods. Because
of the scope of the experiments under discussion, involving hundreds
of samples, it was not possible to synchronize the dates of analysis
between varieties and experiments,

The influence of the maturity of cane on inversion will be discussed
in more detail in conneetion wath data relating to the effect of loss of
moisture on inversion {p. 57).

Judging by the lass of 96° sugar in pounds and percentage and the
change in appavent purity ftable 2), more inversion of suerose occurved
in Co. 281 than in Co. 290 in experiment 2. Decause of differences in
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the length of storage periods in experiment 1 the relation between the
bwo vavieties is not clear, although there appears to be more inversion
in Co. 281 than in Co. 290. In experiment 3 the rate of inversion was
greater in Co. 280 thar in Co. 281.

The deta in table 2 show that nt temperaiures of 46° and 56° F., and
sometimes at 66° and 75°, P, 0. J. 36-M and C. P. 807 are more
susceptible to inversion of sucrose than Co. 281 and Co. 200. At
66° and 75° inversion is greater in some instances in Co. 281 and Co.
200 than in P. ©. J. 36-M and C. P. 807, especially during the later
perieds of storage. The differenee in the amount of inversion was
somewhat variable between P. O. J. 36-M and C. P. 807, depending
on the duration of storage. In some instanees there was a tendency
for inversion to slow up in all varicties with the continuation of
storage. This tendency was not marked in the varieties Co. 281,
Co. 290, and P. O. J. 36-M but was rather consistent in C. P. 807.
In C. P. 807 inversion seemed to have reached an equilibrium by the
end of the sccond period at =ll temperabures in experiment 1, at 56°
andd 66° in experiment 2, and at 56° in cxperiment 3.

There were no consistent differences in the amount of inversion as
related to the temperniures of 46°, 56°, and 66° F. in varieties Co.
281 and Co. 200. As the Lemperature rose from 66° Lo 75°, the amount
of inversion in these varieties became greater by the end of the final
storage period.

During the first period of storage of P. O. J. 36-M and C. P. 807
there was no consisient relation belween inversion of sucrose and
temperature. By the end of the second period of sterage a gradient in
inversion developed, the amount decreasing in C. P, 807 with the
rise in temperature from 46° to 66° in all three experiments and in
P. 0. J. 36-M in experiments 1 and 2. Tn P. O. J. 36~)M this gradient
extended to 75° by the end of the third period of storage in experiment
2. By the end of the final storage period the amount of inversion was
greater in beth varicties at 75° than at 66°, except in P. Q. J. 36-M
1n experiment 2. .

During the last two periods of storage inversion was greater in €. P,
807 at 46° than at 75° in all three experiments and in P. O. J. 36-\I]
in experimenis 1 and 2. During the last period of stornge in experiment
3, inversion of suerose in P. O, 4. 36-M was grenler at 46° than st 75°.
No data were available for the second period in this experiment. The
changes in true purity, in invert sugars (tables 4 and 5), and in true
sucrose eontent (table 5) are in essential harmony with the foregoing
relation of temperaiure to inversion of sucrose,

Tt will be seen from the resulls recorded in table 3 that if the apparent
purity vahlues were caleulated from Brix and spparent sucrose as
determined, the values oblained after pericds of storage would be
influenced by the utilization of soluble solids, particuiarly invert
sugars (table 5), through respiration. This loss of solids resuiteil in
higher purity valucs 2t all condilions of storage, with the effect
inereasing with the rise i temperature and the conlinunation of
storage, When inversion is slight tho effect of temperature on purities
may be such as to give the impression that greater inversion oceurred
at lower than at higher temperatures, even in eases where that is not
true.  This loss in Brix as related to temperature is confirmed by the
loss of true solids found in the juice {table 4). Two faclors probably
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influenced the increased loss of solids with the rise in temperature.
The usual effect of increased temperature on the rato of respiration is
to inercase it even in dormant tissue. In this cese rooting and sprout-
ing at 66° and 75° F., and particularly at the latter temperature,
would be expected to have inercased vespiration and the utilization
of solids. Although the results are not consistent in some instances,
the loss of soluble solids on the whole was proportionately greater at
75° (tables 3 and 4) than at the lower temperatures.

The loss of soluble solids other than sucrese would, in addition to
inereasing the purity, improve the recovery of 96° sugar more than if
these solids were retained in the cell sap of the cane and, in turn, in
the juice. Becauso the yicld of 96° suger is dependent upon the
purity of the juice, however, the Brix and apparent sucrose obtained
after periods of storage were used in caleulating the yield values.
Judging by loss of Brix and true solids and invert sugars (tables 3,
4, and 5}, the respiration rate of C. P. 807 scems to be slower at all
temperatures than that in the other three varieties. The loss of Brix
per day indicates that the respiration rate in Co. 281 may decrease
with the continuation of storage.

The increasc in organic nonsugars with the continuation of storage
is in harmony in most cases with previous resalts (4). As the organic
nonsugars were not determined directly, however, but were computed
by subtracting the sum of tolal sugars and ash from 100 (representing
the dry substance or toisl solubﬁ; solids), the values obtained are

subject to considereble ervor, Furthermore, because the values given
are percentages of the total soluble solids, which show a decrease
during storage, the organic nonsugnrs, as well as the ash values,

might well be expected to increase slightly. The changes in organic
nonsugars bear no relation to storage temperatures. No significant
change in pH or acidity occurred during storage.

Three suecessive experiments with four varieties of sugarcane were
conducied during the harvesting season of 1934 under practically the
same condilions used in 193%-34, except that the burlap bags draping
the eut ends of the stalks were sprinkled once & day instead of three
limes daily. €. P. 28/19 was substituted for P. O. J. 36-M. The
pereentage loss of sugar per ton of cane and the drop in apparent
purily are graphically represented in figure 1. The initial Brix, i. .,
the Brix of juice from the control samples, and the individual spparent
sucrose velues, obtained after periods of storage, were used in ealen-
Inting the apparent purities, The samples woere stored at 96to 08
percent hwmidity, and cut ends of the stalks of all samples were
draped with burlap bags, which were sprinkled once a day.

In certain of the experiments in which the amound of inversion was
small in erch variety a differentinl trend in inversion as relaied to
temperature is not obvious. In experiments in which the amount of
mversion is greater, an inversion gradient is noticeable, especially
after the first period of stornge -the amount of Hversion decreasing
ns the temperature rises from 46° (o 68° ¥, with a tendency for It to
nerease again as the temperature vises to 75°. This velationship even
holds for Co. 281 and Co. 240 in experiment 1, bud not for (', . §07
in experiments 2 and 3,

During the harvesting season of 1935 two experiments with each of
the varieties Co. 281, Co. 290, and C. P. 28,19 and one with cach of
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EXFERIMENT ) . EXPERIMENT 2 EXPERIMENT 3

CCTOBEA 23 TO NOVEMEER 12 NOVEMEER |3 TO DECEMBEF | DECEMBER 4 TO DECEMAER 24
TEMPERATURE (*F. ) TEMPERATURE {*F, | TEMPERATURE {°F, )
45 56 -1 L& 46 56 113 ™ 45 26 66
RELATIVE HUMIDITY (PERCENT]| | RELATIVE HUMIDITY (PERCENT}| | RELATIVE HUMIDITY [PERCENT]
9637 97-98 g7-s3  S7-38 9G-97  97-58 9637 g7-98 56797 9198 97-98 9r-9@
STORAGE (DATS) STORAGE [DAaYS) STORAGE {Dars)
o 61320 61320 61320 61320 (|6 1220 51320 61320 6 1320]|] 5 320 G20 & 1320 4520

®ica.9 , *208,7

i
=]
[+]

QGTOBER 25 TO NOVEMBER In‘l—i : DECEMBER 5 TO DECEMBER 26
STORAGE {Dars) i STORAGE {OAYS) STORAGE [ DaTS)
515320 & 320 61320 6 1320 & 1320 S"IBZD BIEZ20 620 ] 742 71421 T2 7 21
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1
]

2
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1
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OCTOBEA 30 TO NOVEMBER 19 HOVEMBER 21 TO DECEMBER 10 : CECEMABEA 7 TO DECEMAER 26
STORAGE (Davs) STORAGE | DaYS : STORAGE (DAYS]

CHANGE IN SUGAR [PERCENT] AND IN APPARENT FURITY
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Tl
o

|
61320 & 320 6 )220 61320 1213 51219 51205 5,12 151: TI1313 T4 19 7 1413 7 1419
43 .ﬂ_.u_-uq..-n_d'l_ﬂ_n_

“iaza

| cHanGE M PURITY
[} CHANIGE i SUGAR | PERCENT)

* & INITIAL POUNDS OF SUGAR PER TOMN DF CANE
Figere 1~Tise or fall of apparent purily and gain or loss of 9G° sugar in four
varicties of sughrcane (first-year slubbler stored at high moisture eonditiona

at four temperatures in three successive experiments during the harvesting
scason of 1834,

the varicties C. P, 20/320 and C. P. 28/11 were 2onducted. The
conditions of storage were modified slightly from those used in 1934.
The use of burlap bags on the eut ends was omitted, hut the cane was
sprinkled once a day. Mill tests wern run on some of the lots Lo
determine whether the recovery of sugar from stored canc was different
from that of freshly harvested tane. The factors that were developed
are given in {able 6. It will be seen that, in general, the results
ablamed by milling stored samples wore similar to those obtained by
milling freshly harvested eane.

In the main, the results are esseniially in harmony with those
obtained during 1933 and 1934. When inversion was limited the




TaBLE 6.—Change in weight, purily, sucrose in juice, and yield of 96° sugar in cane of & varielies stored at high humidity at each of
: 4 temperatures (relative humidity 85-98 percent) .
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relation to temperature was not so clear. In most instances, by the
end of the final storage period the amount of inversion was less at
57° than at either 47°or 66° F. In C. P. 28/19 (experiment 1) when
the rate of inversion was rather large, » gredient in the drop in appar-
ent purity, the loss of apparent sucrose in juice, and the loss of 96°
sugar by the end of the last two pericds of storage was apparend,
the values decreasing with the rise in temperature from 47° to 75°.

Twe successive experiments with each of the varieties Co. 281,
Co. 260, C. P. 28/19, and C. P. 807, in which the cane was sprinkied
once & day and stored at high relative humidity at temperatures of
37° to 38°, 47°, 56°, and 65° ., were conducted during the hervesting
season of 1936. The deta will be discussed here briefly but will not
be presenied in tabular form,

In general, the amount of inversion varies with the veriety—from
least to greatest—in the order in which the varietics are listed. Very
little inversion of sucrose occurred in Co. 281 at any tempereture in
cither experiment. There was some indication that more inversion
oceurred in this variety at 47° than ab 37° to 38° F., aithough the
results are not entircly eonsistent in this connection. The indieated
loss of 96° sugar ond the drop in apparent purity showed that inver-
sion of sucrose was greater at 47° than at 37° to 38° F. in Co. 260 by
the end of 7, 14, 20, or 21 days; in C. P. 28/19 by the end of 14 and 21
to 24 days; and in C. P. 807 by the end of 6 or'7, 13 or 14, and 20 or
21 days’ storage. The difference was much larger in case of C. P.
807 than in the other two varictics. The relationship between inver-
sion of sucrose and temperatures of 47°, 56°, and 65° was not clear-
cub or consistent. The inversion of sucrose in Co. 281 did not show
a definite differential response.

In experiment 1, Co. 290 showed a decrease in loss of 96° sugar
after 14 days and & drop in apparent purity with the rise in tempera-
lure. By the end of 21 days these changes decreased with the rise in
temperature from 47° to 56° F. and increased as the temperature was
raised to 65°. In experiment 2 after 7 and 14 days’ storage inversion
of sucrose deereased with the rise in temperature from 47° to 56° and
increased with a rise to 63°, After 20 days’ storage inversion de-
ereased with rise in temperature from 47° {0 65°. The behavior of
C. P. 28/19 was erratie, and no conclusion can be drawn from these
data regarding the relation of inversion to temperatures of 47°, 56°,
and 65°. In experiment 1, the loss of 96° sugar and drop in purity
i C. P. 807 increased rapidiy during 6 to 13 days’ storage as the
temperature inereased from 37° to 38° to 56° and deereased rapidly
as the temperature was raised to 65°. By the end of 21 days’ storage
the loss of 96° sugar and drop in apparent purity was greatest at 47°
and decreased rapidly as the temperature was raised or lowered. In
experiment 2, (. P. 807 showed the grentest loss of 96° sugar and a
drop in apparent purity at 47° during 7, 14, and 21 days' storage,
These changes decreased rapidly as the tempernture was raised above
or lowered below 47° during 14 and 21 days’ storage.

Thus far the discussion has been limited to a consideration of the
cffect of different temperatures on inversion of sucrose in cane stored
under kigh moisture conditions. Such conditions restrict the amount
of inversion oceurring at all temperatures.  When lots of cane of the
vericties Co. 281, C'o. 200, P, O. J. 36-M, C. P. 28/19, and C. P, 807

7822070 48— 4
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stored under high moisture conditions at different temperatures (47°
to 75° F.) showed a certain level of inversion of sucrose, there was,
in most instances, an increasc in amount of inversion with the rise ine
temperature from 47° to 66° by the end of 16 to 24 days’ storage,
frequently by the end of 12 to 14 days’ storage, and sometimes by
the end of 5 to 7 days’ storage,

TEMPERATURE AND EHicH anD Low Moistune CONDBITIONS

The idea that as much inversion of sucrose would take place 2t 47°
ns ab 85° F. was difficulé to accept. Even more difficult to accept
was the idea that moere inversion of sucrose would iske place i 47°
than at 65°. So difficult was the notion that more convincing evi-
denee was desired. By storing sugarcane at conditions of moisture
theé favor inversion of sucrose and bring about similer losses of mois-
ture 8t diffcrent temperatures, it was thought possible to differentiate
more clearly between the cffects of different temperatures than by
storing canc at conditions thas prevent or reduce to a minimum the
loss of moisture.

Cane was stored, therefore, during the grinding season of 1936 &t
two levels of molsture conditions, cach at temperatures of 47° and
65° F, (tables 7, 8, and 9), At the one level the relative humidity
was 96 percent and the cane was sprinkied once a day; as the other
level an attempt was made to obtain the seme saturstion defcit &t
each temperature. The same soturation deficit was only approxi-
mate. In the ease of a given varicty the greater saturation deficit at
65° resulted in mosb instances in slightly greater loss of moisture than
at 47°, Such a difference was not undesirable beeause, then, any
indicated greater inversion at 47° than af 65° could notb be attribu-
ted to & greater loss of moisture.

Two suecessive experiments esch with the varieties Co. 281 and
Co. 290 and C. P. 28/19 and C. P. 807, in which simple juice analyses
were made, were conducted during the hervesting scason of 1936
(tables 7 and 8). Analyses of completely extracted juice (analyses
of cane) were made of Co. 281 and Co. 290 stored at both high and
low humidities and of C. P. 28/19 and C. P. 807 stored at low humidity
at temnperatures of 47° and 65° F. {table 9},

At & relative humidity of 96 percent the rmount of inversion of su-
crose in C'o. 281 may have been significantly greater at 47° than a
63° F. (lables 7 and §) during the last two periods of storage (14 and
21 days) in experiment 1. In experiment 2 the data indicate o grepter
loss of 96° sugar at $65° than at 47° and a greater drop in apparent
purity during 15 and 21 days’ storage. The consumption of soluble
solids (probably invert sugars) was much greater in both experiments
at 65° than at 47° F. (table 8). The loss of true sucrose was slightly
greater nt 65° than at 47° in both experiments after 21 and 22 days’
storage {table 0).

At 96 percent relative humidity the indicated loss of 56° sugar and
drop in apparent purity in Co. 290 were greater at 47° F. than at 65°
during the Iast Lwo periods of storage i experiment 1 and during the
Iast period in experiment 2 (table 7). The difference i inversion of
sucrose bebtween temperatures of 47° and 65° alter 14 and 21 days of
storage in experiment I and after 21 days in experiment 2 was hardiy
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Tanin 7,—Yield of 96° suger, guin or loss tn 98° sugar, in apparent purtty, and in weight of firsl-year stubble cane during siorage of 4 varielies of sugarcane in 2 successive experiments at 2 levels of humidily at lemperatures of 47° and 85° F., 1986
0.

Tomperaturs 47° F, Tempomatur §5° P,

Relative humidity 96 percont,! or saturation defteit Relative huteidliy 84 parcent, or saturation deficlt Rolat!ve bumidity % percent,! er satumtion doficly Reiotive humidlty 74 percont, or seturation defioit
Date of | Duration 68,613 inch 0.148 Inch 4,025 |nch 5 inch

1 6.1
- of stoe-
analysig g0

Exporiment No,

Jn’éi‘]d of } Quin {+) or jozg (—)}— 9};afeld of Purit Welght WYO{EM of ; Galn () Yzeld af
SUEAr AT ;.

ner P pcrsalgn Loss of 96° stigar dmpy if)sgs pef‘:ggr Lass of 93° sugar 1:;’:’0;5’ or lesesl (1:) ggcf‘éo‘!;" Loss of 90° supar
of canie OF 96° sugar Ip purily | In weight | of cane of cane, . Iz welght | Gr e

oot 2 o Pmﬂrésﬁ ; Pereent Pereent Pounds Pounds Pereent Fercent Paunds Pounds Fereent Pereent Pornds Pounds
[ ot )

[ 140 . 140. ¢
Oot. 20 2.8 . 138 . &.9 . a5 7
Nov., 8 . A

Nov. 13

Differance for F=0.85
D, for P=.81

Differencn for P=0.05
Difference {for P=0.01

Nov. 4
Nov, i1
Nov. 18

[Oot. 3

Differecee for P=0.05... _ .
Difference for P=8,01__... I [,

e

a5b! onbd,
BRnwel press

Differenea far P=005_.....
Difference for P=0.01_ ...

e
¥ e onge

Difference for P=005_ ...
Difference for £=9,01

Difference for P=0U5 ..
Difference lor P=001_ ...

Nav, 4

[Oct. 28
Nov, i1

Differenco for P=0.05
Difference for P=0.01

Nov. i
Nov, I8
bl | L
Dueg, 2

*Difference for P=005 _....
Differcnee for =001 ______

1 The cane stored at 95 percont relativo humidity at 47° F. and at 06 pereent 4t 05° F, was sprinkled once & day.
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TavLe 8,—Change in Briv in Jirst-year stubble cane of 4 varielies stored at £ levels
of humidily * each at temperatures of 47° and 85° P, 1938

Gain (4 or loss (=3 in Brix at Indi-
celed relative humidities {percent) at—

Dateof | DU | yng

analysts [ Honof 4 Tpry | e, 6° F.

Variety and experiment No.

80 6
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large enough to be significant. In any esse, there was as much in-
version a6 47° as at 65°. The loss of true sucrose in both experi-
ments after 22 and 24 days’ storage was greater at 47° than 65°
{table 9). This difference was small in experiment 1, but the differ-
ence In increase in invert sugars was rather large.

The results obtained with C. P. 28/19 were not consistent, and no
conclusions ean be drawn relative to the effect of ANy temperaturs on
inversion, although in experiment 1 there was a slightly greater loss of
96° sugar and drop in apparcent purity ab 47° than at 65° at the end
of the third period of storage. ~The loss of 96° sugar and drop in
epparent parity were greater in C. P. 807 at 47° than at 65° after 13
and 20 dnys’ storage in experiment 1 and after 7, 14, and 2! days’
storage in experiment 2. The difference in values after § and 7 days’
storage in the two experiments was probably too small to be signifi-
cant, but it was significantly greater in both experiments after the
second and third periods of storage.




Tasrp 9.—Composition and change in composilion o,
C. P. 25/19 and

CO, 281

first-year stubble sugarcane varicties Co. 281 and Co. 290 stored at 2 humidilies and
P, 807 at'1 humidily, at 47° and 65° F.} 1936°

Experiment No.

Date of
analysis

Duration
of storago

Relative
humid-
ity

Composition of cane

Gain () or loss (—) duaring storage in—

True
sucrose

Reducing|
SIEArs

Total
sugars

Totul
sollds

True
sucrose

Reducing
sugurs

Total
sugars

Total
solids

True

47

65

Percent
9607

54

96-97

74

06-87

54

0697

Percent

Percent
1.09
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Percent
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In cane of ¢ given variety stored at low humidities at 47° and 65°
F. (table 7 and fig. 2) the loss in weight was almost equal at the two
temperatures, but was slightly greater in most instances at 65°.
There was no consistent difference in the loss of 96° sugar and drop
in apparent purity in Co. 281 and Co. 290 at 47° and 65° during the
first period of storage. During the two succeeding periods, inversion

T T

e —
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1 1 1 L L
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—=—=— QRGP IN APPARERT PURITT

Froure 2.—Lgss in weighl of cane and drop in npparent purity of juice of four
varieties of sugurcane (Arsl-yenr stubibble) stored st approximately the sume
saturation defieit at 47° and 63° F. in two successive experiments conducled
during the frli of 1936 {curve drawn from dala given in table 7},

of sucrose was significantly greater at 47° than at 65°, particularly
during the third period of storage. C. P. 25/19 in experiment 1 and
C. P. 807 in both cxperiments showed markedly greater inversion ab
65° than at 47° during the first period. Although by the end of the
second period the loss of 96° sugar and drop in apparent purity were
greator at 65° then at 47°, the difference was much less than during
the first period. C. P. 28/19 in experiment 2 showed greater inversion
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at 65° than at 47° during the first period, but the values in loss of 98°
sugar and apparent purities were aboub cqual by the end of the
second period. By the end of the third period the loss of 96° sugar
and drop in apparent purity were markedly greater in both C. T. 807
and C, l.)[’ 28/19 at 47° than at 65°.

A greater loss of true sucrose at 47° than at 65° F. was shown in
cane of each variety and experiment by the end of 20 to 24 days’
storage (table 9). Part of the difference in amount of invert sugars
probably was oceasioned by their greater consumption at 63°. There
was a correspondingly greater increase in invert sugars at 47° than at
65°. The data reluting to C. P. 867 and C. P, 28/19 indicate a shift
in the rate of inversion at the two temperatures with the lapse of time.
The rate of inversion of sucrose in C. P. 807 was relatively rapid at
65° during the first period of storage, then slowed up during the second
period, and approached or reached an equilibrium during the third
period. Tn C. P. 28/19 the equiltbrium was reached by the end of the
first period (fig. 2). An cquilibrium also seems to have been ap-
proached in varicties Co. 281 and Co. 296, but it is not as definite as
n the other two varicties. In all varictios the rate of inversion in-
creases at 47° with the lapse of time.  Such an increase in rate might
have been expected, except that the ratoe approaches, and sometimes
exeeeds, that occurring at 65° during the first interval of storage.
In an experiment conducted during the harvesting scason of 1944,
there was a slowing up of inversion in Q. P. 807 in 58 days of storage
ab 45° (umpublished data).

There is little indication that rate of respirafion is greater at high
than at low moisture conditions at 47° {table 8). This relation of
respiration to differences in moisture conditions is more clearly shown
at 63°, as might have been expected because of n greater vegelalive
activity in wet cane at 65° than at 47°.

TEMPERATURE AND INVERSION AT A COMMON Satenation DerFiciT AT
DhrreRENT TEMPERATURES

During the harvesting season of 1937, two successive experiments
with Co. 281 and C'o, 290 and one experiment with each of the varie.
ties C. P. 2819 and (', P. 28 1] were econducted, n which sunpie
Juice annlyses (Brix aad polarization) were made at the beginning and
during the following intervals of stornge al approxtmnately the same
stburation deficit ab temperatures of 51°, 62° 71°, and 80° I, (tabie
10). In experiment 1 deniing with Co, 281 and Co. 290 and in Lhe
experiment with . P. 2819, an analvais of completely extracted juice
{analysis of eaneY was made of (hree comparable samples of each
variety at the beginning of the experiments and after 13 (Co. 281 and
C. P. 28/19) and 14 days of storage (Co. 290; rtable 113,

Rooting and sprouting occurred only at 80° ¥, Cg. 281 showed no
rooting or sprouting during 16 days’ stornge (experiment 1), In
experiment 2, one eve began to swell in 20 days, Co. 200 showed a
few sprouts after 18 days’ storage fexperiment 13, and rools {ranging
from 0.5 to 0.75 inch) and swollen eves after 20 days’ storage (ex-
periment 2).  There was no rooting or sprouling in the varieties C. P,
28/189and C. P. 25 11.
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TABLE 10.—Brixr, aprarent sucrose, apparent purily, yield of 96° sugar, and changes in these values and the loss in weight of cane of 4 varielies
of first-year slubble sugarcane stored al approzimalely the same saturation deficit ! at 4 temperatures during the harvesting season. of 1937

(43
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yield .| Galn {(-}) or loss (~) of 93 sugar per ton of cane.at temperaiures of — Goln (4) or loss () of Brix at
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TaBLE 10.— Briz, apparent sucrose,

apparent purily, yield-of 96°

sugar, and. changes

in these values and the loss in weig

ht of cane of 4 varieties

of first-year stubble sugarcane stored alt ap rozimately the same saturation deficit ! al 4 temperalures during the harvesting season of 1937—Con.
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O1 P. 2819
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Tane Lli—~Composition and change in composition of sugarcaie of 3 varieties stored al approzimalely the same saturation deficit at 4 tem-
. peralures during the harvesting season of 1937 (experiment No. 1)
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' The pH of the extract-of all varietles increased by 0.2 (roughly, from 5.5 io 5.7) during storage, - This figure confirms the decreass in acldity obtained,
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A fairly close comparable control of loss in weight af the different
temperatures was attained, although the loss in weight in Co. 281 in
experunent 2 by the end of the third period of storage was definitely
oub of line.

Considering the results of loss of sucrose in juice and drop in ap-
parent purity, no signifieant difference in the amount of inversion
occurrenrat. the different temperatures during the first period of storage.
As the duration of storage continued into the second and third peri-
ods, inversion beceme greater at 51° than at 62° P, in all varietics
and all experiments.  With the increase in temperature from 351° to
62° to 71°, inversion decreased in C. P. 28/19 and C. P. 28/11 by the
end of the sceond period of storage and i Co. 281 in experiment 1 by
the end of the third period. Deerease in the amount of inversion
in C. P. 28/11 and C. P. 28/19 extended from 51° to 80°, as indicated
by the drop in apparent purity and loss of apparent sucrose by the
end of the second {C P. 28/11) or third (C. P. 28/19) period of storage.
In Co. 281 (experiment 1) and in sll other varieties and experiments
the amount of inversion was greater at 51° than at 80° by the end of
the second or third period of storage.

In the main, the ehanges in yield of 96° sugar are essentinlly in
agreement with the changes in apparent values. The fact that in-
version in C. P. 28/19 becomes stationary at a less advanced stage
with the rise in temperature us compared with the tendency in Co.
281, and particulariy in Co. 200, Lo continue at about the same rate
explains the difference in the results at 71° and 80° in the two cascs.
This explanation, however, does not hold for the differenee in behavior
of C. P. 28/11 and that of C'o, 281 and Co. 290 at these temperatures.
The rate of inversion in €. P. 28/1t did not tend to slow up at any
temperature during 14 days of storage, but rather an increased ac-
geleration in rates of inversion at ecach lower degree of temperature
occurred (fig. 3),

Figure 3 shows the reletion of temperature and time to the loss in
weight and drop in apparent purity of all four varietics {table 10).
A decrease in the rate of loss in weight with the continuation of storagoe
is evident in most cases.  Sueh e relation was to be expected beeause
of the reduced vapor pressure al the surface of the eane caused by
drying out. The pattern of inversion of suerese, as indicated by the
drop m apparent purity (fig, 3}, is quite dilferent in C. P. 28/19 from
that in Co. 281, Co. 200, and . P. 28/11.  Although there may have
been a tendeney for inversion in Co. 281 to reach an equilibrium at
temperatures of 62°, 71°, and 80° 1, it was noi s0 nearly marked as it
was in C. P. 28719 at all four temperatuves.  In (. P. 28719 this equi-
librium was reached at o lesser degree of inversion as the temperature
rose from 51° to 80°. A& 51° (fig. 3} the slope of the curve was still
slightly downward at the cnd of 14 days of storage, whereas at the
higher temperatures {62°, 71°, and 80°) the apparcnt purity incrrased
either during the second or third period of storage (9 and 14 days).
These results suggest the possibility that inversion of sucrose may be
reversible under certain conditions of storage,

It is quite obvious from the resuifs obtained after 37 and 35 days
of storage of Co. 281 and Co. 290 {table 10) thal temperatures of 71°
and 80° ¥. combined with the humidities used are not faverable for
prolonged storage of sugurcane. Not ouly was inversion bheavy but
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INVERSION

LOSS tH WEIGHT | PERCENTY AND DAQP 1N APPARENT PURITY

\ .
c.R 280 G.R 2ZBfI - C.P 28/
b A : . ! 1

10 20 10 20 [t:]
2" F. TI*F 20°F.
STORAGE {DAYS)
s 1055 IN WEIGHT { PERCENT}
——— DOROP IN APPARENT PURITY

Ficure 3.—Loss in weight of cane and drop in apparent purity of juice of [our
varieties of cane (first-year stubble) stored at approximately the same satura-
tion deficit at four temperntures during the harvesting season of 1037,  {Curves
drawn from dais in table 10: A and B, Co. 281, experiments 1 and 2; Cand D,
Co. 290, experiments 1 and 2; E, C. P. 28/19, experiment 1; and F, C. P, 28/11,
experiment 1.}

nlso the loss of Brix—in Co. 281 it was 1.55° and 2.04° and in Co. 290,
1.50% and 2.08° at temperatures of 71° and 80°, respectively.

The results of analysis on cane (table 11} are in general agreement
with those obtained from juice analysis. The loss of true sucrose was
greater at 51° than at 62° and 71° F. in varieties Co. 281 and Co. 290,
elthough the amount of loss at 62° was slightly less than at 71°, In
C. P. 28/19 there was a decrease in loss of true sucrose with rise in
temperature from 51° to 71° but an increase as the temperature rose
from 71° to 80°. The amount of drop in true purity decreased in all
three varietics as tho temperatures increased from 5i° to 62% and from
62° to 71°. In all three varieties the amount of inversion, as indi-
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cated by the loss of true sucrose and drop in true purity, was greator
at 80° F. than ot 71°, and in Co. 2990 it was greater at 80° than at 62°
F. The discrepancies bebween truc and apparen$ velues may arise
from the fact that the truc values were obtaindd from fewer cane
samples and that the sampling of small picces of cane and disinte-
grated cane tissue involved considerable error. The completely ex-
tracted juice became slightly more alkaline, as indicated by pH and
acidity readings. BEvidently no deleterious changes other than in-
version of sucrose and loss of soluble solids took place during these
periods of storage.

These experiments were not designed o measure respiration losses,
which are too small to be determined accurately by the methods em-

loyed. If experiments are conducted long enough (2 to 3 weeks),
wwever, 1t is possible to obénin comparative values as related to
temperatures. It will be seen from the loss in Brix {table 10} and in
total solids and toial sugars in eane {table 11) that these losses tended
to increase with rise in temperature.

Diring the harvesting season of 1942, Co. 290 was stored at tem-
perabures of 51°, 65°, 75°, and 90° F. (table 12). Some difficulty was
experienced in obfaining comparable losses of moisiure at each tem-
perature. Fairly comparable losses, however, were obtained. A
small améuné of rooting and sprouting occurred at 90° in 19 days
{experiment 2).

In three (experiments 2, 3, and 4) out of the four experiments the
amount of inversion of sucrose, as indiented by the loss of sucrose in
juice and apparent purity, was greater by the end of the last period
of storage &t 51° than at 65° F. In experiment 1 the greater loss of
sucrose nb 65° and 75° was associated with a greater loss of moisture,
as indicated by the loss in weight. In experiments 1, 2, and 3 the
loss of suerose at 51° was grveater than at 90°, and in cxperiments 2
and 3 it was greater then at 75° by the cnd of the second or third
period of storage. In experiment 4 the loss of sucrose was almost as
great at 519 as at 90°. These results are essentislly in agreement
with those previously presented.

Some Facrors AFFECTING THE Loss oF MoiSTuRe

The loss of weight from cane during storage or while lying in the
field during the interval between cutting and milling is caused most!
by the loss of moisture. Although there is some loss of solids through
respiration, the amount is so small that it would not materially affect
the Joss In weight.

Whenever & stalk of cane is wholly in contact with the air, the loss
of moisture is dependent upon the difference between the vapor pres-
sure at the stuface of the cene and that of the aiv.  The vapor pressure
of the air may be maintained at a fairly uniform and constant lovel
in an insulated room in which a constant temperature is maintained.
The vapor pressure of the sugarcane stallk is the resultant of n pumber
of vapor presstres. Sartoris (21) found that about half the loss from
three-node sections from the middle portion of stalks of P. Q. J. 213
oceurred threugh cut ends and that more loss per unit ares oceurred
through the root rings than through internodes.




TasLe 12.—Loss of Briz and apparent sucrose in juice, drop in apparent purity, and loss in weight in samples of mill cane of the variety Co.
290 (second-year stubble) slored in an atmosphere designed to bring about the same loss of moisture at different temperatures,! 1942
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t Moisture conditions at temperaturesof._.. 51° F. 65° T. 75%F. 90° F. 3 The Initial Brix, apparent sucrose, and apparent purity in the different experiments

Relative humidity.............. pereent.. 62 78-80 82-84 89 were as follows:
Saturation deficit inches mercury.. 0,142 '0.136-0.123  0.156-0. 139 0.155 . Apparent Apparent
Experiment No.: sucrose ' purity

During experiment 1 the relative humidity at 65° F. was 78 percent (saturation deficit 1 10. 50 7409
0.136) and at 75° F. it was 82 percent (saturation deficit 0.156). In experiments 2, 3, and 2 - . .17 75.8
4 therelative humidity was raised to 80 percent at 65° F. and 841 percent.at 75° F, (satura- e . 12,78 80.3

fon deficits'0.123 and 0,139, respectively). 3 12.85 79.8
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An experiment was conducted by the writers in 1933, at Houma,
La., with P, O, J. 36-M, in which each stalle of one lot of five 30-
stalk samples was coated with paraffin; the cut ends of the second lo¢
and the cut ends and root rings of the third lot were peraffined; and
two lots of five 30-stalk samples were left untreated. The ends were
cut as nearly as possible 8t right angles to the length of the stalks.
One lot of samples of stalks 0% untrested cane was stored at a tem-

erature of 65° F. and a relative humidity of 98 percent; the remaining
ots were stored at a temperature of 65° and 2 relative humidity
ranging from 66 to 71 percent. The loss in weight of the untreated
lot of cane during 7 days’ storago at a relative humidity of 98 percent
was 1.2 percent; in cane stored at & relative humidity of 66 to 71
percent the untreated lot lost 7.05 percent; the lot with the cut ends
paraffined, 6.41; the lot with the cut ends and root rings paraffined,
3.66; and the lot with the entire stalk paraffined, 2.7. ;

The foregoing results thus confirm those of Sartoris (21} and show
that there is much greater loss of moisture per unit area from root
rings than from the surface of the internodes and that some loss
oceurs from cane coated with paraffin. Contrary to Sartoris’ results
with P. Q. J. 213 (21), the results with P. Q. J. 36-M show a greater
loss in weight from whole untreated stalks than from stalks with
cut ends coated with paraffin,

The results obtained by Sartoris and the writers indicate that the
vn.}for pressure at the surface of a cut cross section of a sugarcane
stalk and at the root bands is higher than at the internodes. This
difference is facilitated by the difference in the character of the tissues
involved snd the difference in the freedom of the moisture to move
to the surface.

Tn contrast to the results obtained by Sarteris (27), showing
greater loss of moisture from the bundles of cane (70 to 100 pounds)
than from single stalks, the writers obtained a higher percentage loss
from stalks spread out—so that each stalk was fully exposed to the
pir—than from stalks tied in bundles. Twenty 30-stalk samples of
P. 0.J. 36-M were selected by drawing staltks at random from a pile
of thoroughly mixed, straight cane. Ten of these samples were fied
into bundles, with wire, and 10 loft locse. The samples were stored
across two 2- by 4-inch fimbers, the 2-inch side resting on 2 concrete
floor in an cmpty building 30 by 60 feet in horizontal dimensions.
Weighings were made after 2, 4, and 6 days. The loose samples
showed the greater loss,

It was noted that samples varied in weight, and the weights of the
10 loosc samples were slightly less than that of the tied samples. In
order to ascertain whether or not this difference in size was a factor
affecting the results, 5 loose samples were paived with 5 tied samples.
Three of the pairs were identical in weight and the other 2 pairs were
almost the same size at tho beginning of the experiment. The resulls
in the 2 cases were similar. The percentage loss in weight after 2, 4,
and 6 days of storage was as follows: 10 loose samples, 2.7, 4.9, and
7.3; 5 looso samples, 2.6, 4.9, and 7.3; 10 tied samples, 2.3, 4.5, and
6.5: and 5 tied samples, 2.2, 4.5, and 6.4. The results were confirmed
by the results of another experiment with the variety Co. 281.

In the other experiments reported in this bulletin on inversion of
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siucrose, only part of the stalkk was completely exposed to the air.
The cane was tied into samples of from 20 to 30 stalks cach. Further-
more, these samples were piled together in racks in the storage rooms.
It will be seen, therefore, that the degree of exposure to the air varied
among the stalks and samples. It was impracticable to provide the
necessary space for full exposure to the air of all stalks or even for
the semples required for these experiments. Satisfactory results
were obtained, however, as has been indicated by the comparable
losses obtained at different temperatures (tables 7, 10, and 12, and
figs. 2 and 3).

In many instances there was o slight slowing up of the rate of loss in
weight (see tables 13, 15, and 16, and figs, 3, 4, and 5), especially
after the first period of storage, although in many other instences
there appeared to be an increase in rate. It might be expected that
there would be a decrease in rate as a result of the concentrating
effect of the loss of moisture on soluble solids (72). In no case is the
change in rate of loss of moisture marked. Among the varieties, Co.
280 showed in most cases the least loss of moisture and C. P. 28/19
and P. O. J. 36-M the greatest. In a given varicty stored ab e given
temperature the amount of moisture loss is governed largely by the
relative humidity at the storage room.

Revation or HuMiiTy AND Mot.ToRE Loss 1o INVERSION oF SUCROSE

The results recorded in tables 7 and 9 show that the loss of moisture
from mill cane was an important factor in bringing about inversion
of sucrose—more important in susceptible than in resistant varietics.
These relations are clearly shown by the date in tables 13,14, 15, 18, and
17, and in figures 4, 5, snd 6. Certain lots of cane of varicties Badila
(10),° G. P. 20/94 (18), Co. 281 (unpublished data), and P. O. J. 213
(unpublished date) in particular experiments friled to show any
inversion, or else showed but little inversion rs a result of heavy loss
of moisture. With the exceptions mentioned all varieties tested have
shown at some time or another increased inversion in response to
incrensed loss of moisture. There appears to be o physiological con-
dition that develops in certain varieties under eertain feld conditions
that practicelly prevents inversion of suerose under & rather wide
range of eonditions that are normally favorable to inversion, Neither
the conditions nor the physiological state responsible for this behavior
is known or understood. In P. O. J. 214 resistance to inversion
was associated with cane of high maturity. In the ease of Q. P.
29/94 difference of maturity of the canc may have been 2 factor in
its varied behavior.

The degree of response of inversion of sucrose to loss of moisture
ingreases with the increased susceptibility of the variety, This re-
lation will be seen readily in figures 4, 5, and 6 by examining the change
in apparent purity relative to the loss in weight.

* In an experiment eonducted in Floride during the harvesting season of 1946
Badila showed considerable inversion when stored at high temperatures and
low humidities; otherwiss, it has shown very little inversion under any of the
eonditions uader which it was stored. In this case it is not clear to whab cxtent
the high temperature or the heavy loss of meisture or & combination of both of
them or even of some other factor was responsible for Lthe inversion that cceurred.
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Fieure 4 —Change in weight of cane and in apparent purity of juice of four
variaties of sugarcane—frst-year stubble of Ce, 281, P. 0. J. 36-M, and C. P
807, and plant cane of Co. 200—stored at three relative humidities at a tem-
perature of 66° F. in three suceessive experiments condueted during the harvest-
ing season of 1933, (Curves were drawn from data in fable 13.)
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Ficore 5.—Change in weight of cane and in apparent purity of juice of four
varicties of sugarenne—first-year stubble—stored on the dates shown at three
relative humidities at B temperature of 66° F. in Lhree successive experiments
conducted during the harvesting scason of 1934,
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Fraure 6.—Changes in weight of cane and apparent purity of juice of four
varicties of sugireane of first-year stubble stored at three relative humiditiey

at 62° F. during the harvesting season of 1937. Dates at which cane was stored:
A, Oct. 27; B, Nov. 16; C, Oct. 28; D, Nov. 18; E, Oct. 23 and F, Nov. 10. .
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Although the amount of inversion of sucrose oceurring in o variety
may very {rom experiment io experiment, and in some varicties
considerably so under the same conditions of storage, it wiil be ob-
served that in most of the experiments ab most conditions of storage
(tecmperature and humidity) the relative resistance of the varietics
1s uniformly exhibited. There are oceasional exceptions, however,
such as the small amount of inversion at high humidities in C. P. 807
as compared with that in C. P. 28/19 in experiment 2, figure 1. At
low humiditics in this same experimeni (fg. §) the relation between
these two varieties was more nearly normal, although inversion was
still less than normal in C. P. 807 as compared with that in C. P,
28/19. Co. 281 is the most resistant among the vericties studied in
this investigation. Co. 290 is slightly less resistant, although at high
humidity it showed in some instances less inversion than Co. 281
(table 23, C. P. 28/11, C. P. 28/19, C. P. 807, C. P. 29/320, and
P. Q. J. 36-M are susceptible to considerable inversion. €. P. 28/19
is usually the most resistant of this group (13, 14).

At least two types of behavior are exhibited by varieties C. P. 807,
. P. 28719, Co. 281, Co. 200, C. P. 28/11, and P. O. J. 36-M when
stored at dilferent levels of humidity at a constant temperature:
(1) Inversion of sucrose is greatly retarded with the continuation of
storage and ultimaiely becomes more or less stationary; and (2)
inversion continues & about the same rate with the lapse of time and
continued loss of moisture. With exception of C. P. 28/19 in one
experiment (expt. 2 in 1933, table 15), C. P. 807 and C. P. 28/19
conform to the first type of behavior, and Co. 281, Co. 290, C. P.
28/11, and P. 0. J. 36-M morc or less to the sccond type {tables 13-15,
and figs. 2-6). It is possibie that & third type of behavior may be
found in C. P. 28111 in which the rote of inversion of suerose at the
two lower humiditics tends to increase with the lapse of time (fig. 3).
Since the data relating to this variety, however, are limited to one
experiment, final eonclusions regarding ifs behavior are reserved.

The behavior of C. P. 807 and C. P. 28/19 presents a siriking
phenomenon, particularly at the lower levels of humidity. During
the first period of storage {5 to 9 days) the rate of inversion of suerose
is very rapid. TFollowing this period, and, perhaps, in some eases
before the end of this perlod, the rate of inversion is retarded, some-
times greatly so, and often becomes stationary; in other words, the
reaction tends to reach an equilibrium.  Strangely, there is & different
equilibrium level of inversion for each ielative humidity employed.
The initial rate of inversion is slower at the higher than at the lower
humidities. Invesion is reterded and tends to stop at the higher
hamiditics whon less sucrose has been inverted than at the lower
humiditics. In fact, these equilibrium stages are widely separated.
The initial rate of inversion and stage of equilibrium are determined
by the rate of loss of moisture, which is only slightly retarded with
lapse of time. It would scem that the rate of loss of moisture had
ap influence on inversion of sucrose independent of the nctual losa of
moisture,
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TanLe 13.~—~Gain or loss of 96° sugar, rise or fall of apparent purity, and gain or loss in weight in mill cane of 4 varielies of sugarcane stored
at- 8 relative humidities at 66° F., in 8 successive experiments during the harvesting scason of 1933

CO. 281 (FIRST-YEAR STUBBLE)
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{mrent purity at relative of enne at relative humidities
wmidities (percent) of— (percent) of—
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CO. 200 (PLANT CANE)
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TanLe 13.—Gain or loss of 96° sugar, rise or fall of apparent purity, and gain or loss in weight in mill cane of 4 variclies of sugarcane slored
at 8 relilive humidities at 66° F., in 3 successive experiments during the harvesting season of 1983—Continued

P. 0. J. 36-M (FIRST-YEAR STUBBLE)
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DITorentce SO fverncu-vufevmnnianes wm— S N 2,39 2,39 2,39 .-
P=.04.
Difference {07 |ammeaoaice S IR ISUCIN SN AR ARt , - 3.18 3.18 3.18
. P=0gl. .
Dec. 8 4] 540 Homneuee s fomsvvozmanfammoonen P SR FOURORR RV SO o eamamee - O O0 -
3 Dee. 156 7 —1.0 -0, 2 —31.0 =1.0 =50 20,0 -.3 2.0 —4,0 0 —2.4 -5, 7
"""""""" e Dee, 22 11 ~4.5 —3.8 ~32,6 Ly (.3 —21,0 -2 -—2.0 ~£.9 -2 -4, 4 -10.7%
Dee. 29 2 —~8.4 =21.8 —53.9 =G, 1 —14.1 ~34.8 ] =-1.4 ~5,8 =157 ~+.1 —6.9 ~16,9
Difference  for ven . JU% e . 2,80 2,30 2.30
P=0.05.
Ditlerenee 10T 1u - o . 3.08 3.08 3.08
P=001. i

8Y
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C. P. 807 (FIRST-YEAR STUBBLE)

) S .

Difference. for
P=0,05.

Difference
P=.0L.

2 il i mere s

Difference for
P=005.
Difference

Difference
P=0,05,
Differengce

P=0,01.

Nov, 1
Nov. 8
Nov, 15

P

lOct. 27

—24.0
—Jd2 5
—37.1

—52.1
—75. &

~850.3

~1.3
—7.0
—7.3

—15.1
—~20.0

—~22.8

=321

—40.5

-—40,4

—14.3
—14.0

e

—27.0
-=25.7

~2.0

D L L

Y
—5.]
~83

Dee.
Dee,
Deg, 2
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Tanse 14.— Detailed analysis of juice of 4 varieties of cane and maturily of euch before and after storage at § relalive humidities at a temperalure
of 66° F. in 8 successive experiments during 1933

00, 281 (FIRST-YEAR S8TUBBLE)

, . . ise () 1(~=) in purity

Loss of dry substance st rela- | Initial Rise (+) or md L Initial | Qain (+) or loss (—) of invert

Initinl | tive humidities (pereent) |true pur- (sucrose on Ory ‘“-“f'_’“""_“) invert sugar at rolative humidiiles
F ut relative humiditles (per- | gyenrs (percent) of

{on dry
sub-

Dura-
] . s dry sub-{ of— ity {su- o —
Date of aualysis tion of stancoe cross on eent) of

SLOTage | gy juice dry sub-
o703 | s3-88 | eo-7r | Staned | ores | 8388 | 66-TL stance) | g7_pg

Experimeont
o.

Percent |- Percent | Percent | Percent Percent | Percent | Percent | Percent | Percent
Oct25to Nov, 17... = 14.80 0.64 073 X 83.90 —0.74 ~1.81 —4.32 8.21 —~(.

-| Nov. 14 to Dec. 4 ] 16.39 .65 .95 .49 ~-1.67 ~1.57 —3.08 3.90 +.43
Dee. tto Dec. ¢ 22 16.79 .45 .36 .57 -1.05 -1.62 —3.70 1.99 +.13

CO. 200 (PLANT CANE)

{Ocl. 31 toNov. 6. . 0.08 78.93
Qct. 31 to Nov. 20, . 4 .43 78.93
o Novo22 (o Dee 1 cauee .7 2B 83.50
Dee. 12 to Jan. 2, 1934 ... .23 84.04

. 36-M (FIRST-YEAR STUBBLE)

Ot 2510 00t 30 o vwiesns : A 0.24 72.85 —0.05
Oct. 295 to Novi 13, . oien- .53 —~1.30
Nov, 1840 Dee, B o iuaann 2 1.03 . —.47
Dee, 8 to Dee. 204 aaniins X A2 A —1.38

. 807 (FIRST-YEAR STUBBLE)

1 {On. 2710 Nov. B aanai - . N 0.25 ~1.58
sresmsemens 00k, 27 10 Nova 16 aeees ¥ . 0.17 a9 — 43
Do i iaemiee] NOV. 1510 DRC, B v annunae X 4 o . 4 —2,60
B mesimmmwnwns] 1JEC O DC. 26 _airen 38 <08 3 ~-1.47
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CO. 281 (FIRST-YEAR STUBBLE)

Galn (4-) or loss (=) in Tnaial Qain (4-) or loss (—) of Increase () or decrease | Initial | Increase () or decrease
Dura- Inftial organic nonsugars at asl; fon ash' at. relative  hu- (=) in pH at relative | acidity (—) in acidity at rela-
‘Experi- tion of | OrEanic relative  humiditles dr midities (percent) | Initial humidlties (percent) | (0.1 N tive humidities (per-
ment. Date of analysis s(: or[-) 4 -non- (percent) of— wg_ of— pHin of— NaOH cent) of—
No. age suj;..nr: st‘mlce) Juice mpgé‘)
: uice R : ] . . .
07-68 | 83-88 | e6~71 ['MMICI 9708 | 8388 [ 6671 97-98 -| 83-88 | 66-71_ |inJuice| 97-98 | 83-88 | 66-71
Days | Prrcet! Percent| Percent | Percent | Percent| Percent| Percent| Percent Ce. Ce. Ce. Ce.
Oct. 25 to Nov. 17_.._. 23 o240 | 40,82 | 40.54 | 4-0.87 3.65 1 40.19° 4+0.17 | —0.05 5.21 { 4-0.07 | —0.03 | —0.05 1.60 | ~0,08 | 40.21 | -40.27
-| Nov. 14 to Dec. 4 20 3. 50 -+. 90 .71 . 80 3.16 +.28 -.02] +.13 5.27 -.01 -—.01 —. 01 1.44 =+.08 | .08 +.21
Dec. 6to Dee. 28 22 3.39 | .86 ] .82 .80 3.26) +.06] 4.03| .13 5.28 | .05 0 —.01 1.48 —.06. ). +.00 +.28
CO. 200 (PLANT CANE) .
Oct. 31 to Nov. 6...... ] 4.5 —0.23 | -0.23 | —0.60 5,32 | +0.13 | 40.02 { 4-0.11 522 1 40.09 | +0.11 | -40.06 2.32 { —0.13 § —0.05| -+0.07
Oct. 31 toNov. 20 _: 201 454 4,39 58] .27 5821 408 +.23| .17 5224 4071 07| .06 2321 —19] .04 +.02
Nov, 22t0 Dee. 11 19 4054 41,201 +.36 ! .88 5.21 4251 4111 +.21 524 4.07| +.04] +.03 2,30 —~14] +10 +.19
Dee. l" to Jan.a, 1934 21 4.87 —-.23 1 F.20 1 .90 520 +.201 +.14 .02 6.20 | -}-.06 | ~+.06{ .03 2.41 —.10] .14 +.32
P. 0.7.36-M (FIRST-YEAR STUBBLE)

1 Oct. 25to Oct. 30..... 5 5.03 | —=0.54 | —0.95 | —1 4.07 | 40.14 | 40.01 0 5.20 | 40.10 { ~0.02 | —0.03 -1.20 { —0.09 | —0.04
"""" Oct. 25 to Nov. 13..._. 19 5.03 2 27 4821 .81 4.07 +171 418 | .08 5.20 t 415 .15 +.12 L20) —.15{ +.02 .12
2ol Nov. 18 to Dee. 8._____ 20 5.09 — 18 | +.281 +.18 376 +.07 | F.19 .20 529 +.03{ .04 —.01 1.16 | =11 | ~.05 +.23
b T Dec.8to Dec.29..__._ 21| v 4.42 [ 41.01 | +1.37 | +1.38 3.80 ) +.18{ 33| +.29 5201 =01 +4.01 —~.04 L15| +.01{ +.18 +.41

C. P. 807 (FIRST-YEAR STUBBLE)

1. {Oct. 27 to Nov. 8...... 12 4.93 § 40.21 | —~0.08 3.61 [ —0.04 1 . ... —0.04 5.26 | 4+0.02 {........ —0.02 1.80 | —0.08 [iancmune +0.13
"""" Oct. 27 to Nov. 15 - 19 4.93 —=.25 | =0.08 —.08 3.:61 —:04 [ —0.11 —.11 5.20 +.05 | 40.03 0 1.80 —: 14 0 .21
pI— Nov. 1510 Dec. 8..... 21 3. +.30 § 4. 52 - 74 3101 4,23 | 4121 .11 533 —.08 - 051 —.12 L4t —02) +.02 +.34
& S Dec. 5 to Dec. 26...... 21 3.66 | +.46 | .89 . 95 305} +.21 | 407 +.22 523 +.06) +.05 + 04 L75| .03 +.14 4. 49.
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TasLe 15.—Changes in weight, apparent purily, sucrose in juice, ang 96° sugar in & varieties of sugarcane slored at 3 relative humidilies at
66° F., 1935

CO. 281 (FIRST-YEAR STUBBLE)

(44

Gain () or loss (=) | Gain (+) or loss (—) | Gain (+) or loss (=) | Gain (4) or loss (—) | Milling factors (checks=
: in'weight at different. in purity at different in sucrose in juice at of 96° sugar at differ- 1.00) at different rela-
Dura- relative  humidities relative . humidities different relative ent relative humidi- tive humidities (per-
Date of | tion of (percent) of— (percent) of— humidities (percent) ties (percent) of— cent) of—

Experiment No. analysis | storage of—

o7-98 | 50-83 | 61-64 | 07-08 | 80-83 | 61-04 97-08 | 80-83 { 61-G4 | 07-08 | 80-83 - 97-98

Percent | Percent | Percent Percenl Pc_;_rent Percent | Percent { Percent
& : 0.7

3. —L -1

0.4 - —2.0 . X
+.6} —6.7 . —1.8 —241 ~2.0 1) —3.5
Y —3.1 X —4.8 —~6.5| —6.8] —4.5

. —6.1

~5.8

~4.9 —6.9f —81] —4.0
—8.41{ —64] —70

C. P. 2819

-0.6
1.3
—-2.5
—. 4
+1.2
—1

¥

o oent

l+lde
LTt
1o O tn

[OQURXY. 3N
t

CO. 290 (FIRST-YEAR STUBBLE)

—541 +0.9 . —7.7} —1.8
—7.1 -.1 2 =10.6 | —4.1
—-10.81] =15 ~0.3 | —84
=3.5{ —-L7 —~2.81 —4.4
~6.91 -3.3 —6.4| —6.5

C. P. 20/320 (FIRST-YEAR STUBBLE

o8] 422 —ngl-1s1] 418
15| Lie| 124 ] 20| ~34) 176

TUNLINDINOV J0 1dAd '8 4 ‘6e6 NILATING WVOINHOTL

C. P. 23111 (FIRST-YEAR STUBBLE)

Nov. 22 . . —6.8 0 +0.2! -9.87 —L1
Nov. 29 —1L7 ~.8{ —7.1}-19.0| =3.5




TAnLE 16.—Briz, apparent sucrose, apparent purity, and yield of 96° sugar per ton of first-year stubble cane, and changes in these values, and
the loss in weight in eane of 4 varielies during storage at 8 relative humsidities at a temperature of 62° F. during the harvesting season of 1987

CO, 281

Apparént purity.

Gain {+4) orloss (~) per day
Gain (1) or loss (—) per day of apparent sucrose at rela-

in Brix at relative humidi- f Y] :
Initial tive humidities (percent) | Initial | Gain (+) or loss (—) per day
gl‘;tﬁ_s?é 3“5’;3202 I%i:‘i;‘] tes (percent) of— apparent| of~— apparent |  at relative humidities (per-
- B suerose purity cent) of—

06-97 73-74 58-50 06-97 73-74 55-59 73-74 58-59

Degrees | Degrees | Degrees | Degrees | Percent. | Percent | Percent | Percent
15,02 i
-0.120

ENVOUYINS QHLISTFAUVE NI JS0¥DAS 40 NOISHTANI
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TaBLE 16.—DBriz, apparent sucrose, apparent purity, and yield of 96° sugar per ton of first-year stubble cane, and. changes in these values, and
the loss én weight in cane of 4 varteties during storage at 3 relglive humidities al a temperature of 62° F. during the harvesling season of v«
1937—Continued :

CO. 281
l Weight
| Initial: | Gain (4)or loss (—) of 06° sugar per day at relative humidities
Date of Duration} yieldof (percent) of—
Experiment.No. analysis [} 96° sugar Loss (—) per day at relative . .
Y stornge | per ton humidities” (percent) of— Differ- | Differ-
of cane ence for | ence for
‘ P=0.05 | P=0.01
9697 73-74 58-59 96-97 7374 58-59 96-97 i 73-74 58-59
o - Days 0 Pounds | Pounds | Pounds | Pounds | Percent | Percent | Percent | Percent Percent | Percent
ct.. X 158.1 ... SN I PRSP [ amne - e
1 Nov. 1 +0.20 —0.70 —2.48 | -~0.13 —0.35 —0.89 =115 0.202 0.208
--{|Nov, 6 —. 40 —. 54 =09 —. 25 - 22 —.75 —. 04 - 101 .134
Nov. 12 —.38 —1.05 —.93 -4 —. 18 —.09 —.89 .063 .084
Nov. 16 . - [ . -
o . Nov, 22 +.05 -, 22 —.90 +. 002 —.24 —.69 -~1.02 L1162 .215
- “miiNov. 29 —. 55 —1.08 —1.50 -7 —.12 .63 —.78 075 .099
Dee. —.18 —. 69 —1.09 —.09 —. 07, — &7 —. 71 .049 . 061
CO0. 290
4 .
i(Oct. 28 - - :
1 Nov., 3 —1.48 —L25 —=0.13 =0.52 —0.69 0.119 0.158
Nov, 8 —.85 —1.23 —.12 —.37 —.83 . .086
Nov. 15 —. 90 ~1.18 -.12 —.37 —. 53 . 040 . 033
Nov., 18 | © 0] 1925 e femmnmsn e e e
o Nov, 24 —-.72 —1.30 —.20 ~.50 —. 87 .129 172
“{}Dee. 1 —.75 —1.24 —. 14 —.49 —. 6L 060 079
Dec. '8 —. 65 -. 03 —. 09 .46 —. 56 .039 .053
Oct, 23 i - - -
1 Oct.” 27 —2.75 -—-4.33 =5.57 —0. 40 -0.95 —1.40 0.282 0.375
“)Nov. 1 —1.54 —1.72 ~2.81 . 36 —.73 —.85 .125 .166
Nov. 6 —. 05 —1.02 ~—1.85 —.10 —.53 =73 ..08L .107
C. P. 2§/11
| [Nov. 10 Q 188,2 - - N
1 Nov. 17 Y N (R, +$1.89 -3.10 —4,31 +1.0 —1,65 —-2.20 ~—0.31 —0.85 —0.98 0.179 0.241
Nov, 24 14 -.39 —4.31 —58.77 +.21 —2.29 —3.07 - 17 =64 —.89 . 039 121

CAALTIAOTIDY J0 ILIFa 'S 'A ‘686 NILITING TVOINHOIL




TanLg 17.—Composition and change in composition of § varieties of first-year stubble cane stored at 8 relative humidilies at a temperalure of 62° F,

during the harvesting season of 1937

Compasition of cang Gain (4) or loss (=) In composition during storago
Dura- i Acidit
Experiment Date of | {100 Relative, Acidity
Varjoty wsie | Of [ humid- N : (as . !
Nao. ooj onalysis | oo 1 N True n‘n‘}‘}c Total s’(I)‘l%‘i‘)lllo True O;%x:llec percent | Troe RTI‘};" Total s'(l;l?xtl,)llle True of’%‘:ﬁic
ago suerose | o m!;rs sugars. | °g olids purity sugars ucqai[.nc SUCTUSe sugars | SUBSTS | “GoHds purity sugars
B acd in
cane) !
Days | Percent : Percent | Percent | Percenl | Percent Percent | Percent | Percent | Percenl | Percent | Percent Percent
Oct, 28 Qi . , 72 1.4 10,76 1208 80, 46 0.92 (LA B 1 DURRPURRRIS SR UUN IRPTIEII PN BURTY I,
Co, 281 Nov, 10 13 9697 0,47 105 10,62 12,05 78. 50 V09 - 107 =0,25{ 0,01 =0.24 —~0.03 —1.87 40.07
0 loomenn cAOeee 13 7374 9, 30 L& 10; 53 1213 6. 67 1,00 107 =42 +4-.10 — +.05 | —3.79 +. 14
PS¢ 1 SO 13 58-5¢ 9,25 1.32 10.87 12,10 T6.45 S99 116 —47 42 - 19 +.02 | —4.01 =+.07
Oct. 30 0 fucesnaia 10.09 112 1121 12,48 80.85 W77 [0 PSR P
1 Co. 200 Nov. 13 14 95-97 9.67 116 10. 83 12,11 79. 85 78 -.38 — 37| —~L00 4-.01
L TTmmEmesese © e Ladona 14 7374 9,22 | ) 10. 73 12, 06 6. 45 L8 =48 —. 421 —4.40 4. O
o d0un... 14 58-59 9,33 .82 16156 1240 5.4 .75 —=. 06 —.08 ~5.61 -, 02
XC\)‘CL 2 g -_.6(_‘.6.- JO.gZSi 128 12:11 13.45 % g;].’ .92 5 welomamimans
ov. ¢ 1 07 10. 8 105 11.93 13,40 . L —. 18 4. 01 +.31 +.19
C.P.20. N o | 13| 7e7e| e8| L78| 1i59| 1508| e%| 102 —&2| Dzl =5m|. +10
U0 13 58-59 9,68 222 11,90 13.36 7246 1.04 -2 —~00 ] —8.08 4-.12

! The plT of the extract increased by about 0.2, roughly from 5.5 to 5.7, in all varicties during storage, confirming the decrease in acidity obtained.
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In some instanees there was a tendency for inversion of sucrosa in
Co. 281 to slow down and even reach an equilibrium (table 15, figs.
2, 3, and 5). This tendency was shown to a less extent in Co. 200
(table 15, figs. 2 and 3). Normally, inversion in these varieties con-
tinucs at about the same rate with the continuation of storage. As
the period of stornge was extended to 35 or 37 days, there was a very
alight retardation in rate in Co. 281 at the lowest humidity and in
Co. 290 at the two lowest humidities {fig. 6).

P. 0. J. 36-M[ showed a deerease in rate of inversion of suerese at
the lowest humidity during the sccond peried of storage in experiment
1 and at the two lowest humidities in experiments 2 and 3 (table 13,
fig. 4). In ecach case, however, an increased rate was resumed during
the third period of storage.

C. P. 28/11 was incluged in only one experiment (fig. 6) and then
only for two periods of storage (7 nnd 14 days). At the highest
humidity there wes an apparent increase in apparent purity. This
may have resulted from o low initial purity. At the two lower
humidities the rate of inversion incrensed with the continuation of
storage.

The loss of total solids (dry substance) and of Brix that occurred
at the two to three levels of humidity at 62° to 66° F. are given in
tables 8, 14, 16, and 17. The data are not consistent in showing a
definite relation between the loss of solids or Brix and the moisture
conditions of stornge. During the harvesting scason of 1936 (table
8), the loss of Brix in the varieties Co. 281, Co. 290, C. P. 28/19, and
C. P. 807 was rather consistently greater at 96 percent relative
humidity than at 74 at a temperature of 65°. . P. 807 showed

reater loss of diy substance at the highest humidity than at the two
ﬁ}\vor humidities n all three experiments conducted during the harvest-
ing season of 1933-34 (table 14}. Otherwise, the data velative to
loss in Brix and soluble solids at different relative humidities at 65°
to 66° are contradictory (tables 14, 16, 17); also data on Brix obtzined
during 1933-35, which are not included in the dats presented, were
netb consistent.  Decause of the effect of high moisture on the vegeta-
tive condition of the cane, one would expect the respiration rate and
henee the consumption of soluble solids to be greater at high than
ot low moisture conditions. This assumption may have heen found
to be true if one could have redueed thoe error due to snmpling.

There was an increase in organic nonsugars in more instances than a
loss {tables 14 and 17). It s not belicved that these changes are
significant. ‘The values obtained may have been influenced by the
less of total solids.

There was a slight gain in ash in juice in most instances (table 14},
and it is believed that the velues obtained were influenced by the
loss of solids.

There was no significant change in pH, or acidity, cther than that
which might have Deen caused by the change in concentration of the
vice.

. That the change in apparent purity and the calculated yields of 96°
sugar are fairly satisfactory criterin (or comparing the amount of
inversion of sucrose belween varielies under dilferent humidities ab
n constant temperature is shown by the data given in tables 13 Lo 17.
The data in table 14 were obtained from juice (each value given being
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obtained from a composite sample of juiee from five 30-stalk samples
of cane) of samples of cane from which the data of simple juice ansaly-
ses given in table 13 were also obtained. The resuits given in table
17 were from samples of canc from the same lot from which the data
in table 18 were obtained, The change in true puriby corresponds
closely to the change in apparent purity, and econcomitant with this
change in true purity was a corresponding inerease in invert sugars,
indicating that inversion of sucrose was the principal changs taking
place in canc of the different varieties stored ot different conditions of
temperature and relotive bumidity,

The diffcrence in pattern of inversion in varicties Co. 281, Co. 290,
and P, O. J. 36-M as compared with that of C. P. 807 and C. P.
28/19 is shown by the apparen$ sucrose and apparent purity data in
table 13 and figure 4 and is also shown by the difference in true
sucrose and true purity data (table 14) for Co. 260 and P, O. J. 36-M
as compared with C. P. 807, Analyses of Co. 281 were made only at
the beginning and end of the experiments.

The mill tests on samples of cane stored at threc relative humidities
at 66° F. during the harvesting season of 1035 (table 15) show ihat
the recovery of sugar at the two lowest humidities is slightly different
from that at the Tlighest. homidity. Judging by the milling factors
obteined, caleulated yields from the first juice analysis would be too
high in some instances 2t the lower humidities. In other words, the
losses from cane stored under dry conditions were generslly larger
than indicated by the simple juice analysis.

ErrecT oF MatUniry oN INvERSioX OF SUCROSE

Judging by the sucrose content of the juice, the cane of each variety
used in the three successive experbments {expts, 1, 2, and 3) conducted
during ench of the harvesting scasons of 1933 and 1934 increased in
maturity in the successive experiments or with the advance of the
season. The data relating to the cfiect of temperature on inversion
arc given in tables 2 to 5 and figure 1; those relating to the effect of
humidity ave given in tables 13 and 14 and figures ¢ and 5.

The effcct of maturity on inversion of sucrose is more obvious in
canes susceptible to inversion than in resistant varieties and at con-
ditions favoring inversion than at those unfavorable to 16, Although
the data arc not always consistent, it is believed that they indieate,
in general, a tendency in most instances for the cane to acguire an
incrensed resistance to inversion at some stage in its development
during the harvesting scason. The results will be discussed on the
basis of general effcets rvather than on tlie basis of individual tem-
peratures and bumiditics.

During 1933 Co. 281 cexhibited slightly greater susceptibility fo
inversion of sucrose in experiments 1 and 2 than in experiment 3 at
different temperatures and bigh hunidity (tables 2, 4, and 5). Dur-
ing 1934 Co. 281 showed an increase in resistance to inversion with
advance of the season at different temperatures at high bhumidity
(fig. 17 and a greater susceptibility in experiments 1 and 2 than in
experiment 3 i different humidities at 66° F, (fig, 5},

The results in connection with Co. 290 were contradictory. During
1933 no relation was found between maturity and inversion of sucrose
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in cane stored at different temperatures at high humidity (tables 2,
4, and 5). More inversion occurred in experiments 1 and 3 than in
experiment 2 af the lowest humidity at 66° F. (tables 13 and 14, fig.
4). During 1934 inversion was greater in experiment 1 than in
experiments 2 and 3 (figs. 1 and 3).

. 0. J. 36-)M showed decrcased inversion with the advance of the
harvesting season at a temperature of 46° F. at high humidity (tables
2, 4, and 5) and at the lower humidities at & common temperature of
66° (tabic 13, fig, 4).

C. P. 25/19 showed greater inversion in experiments 1 and 2 then in
experiment 3 in both types of experiments (figs. 1 and 5).

During 1933 the effcct of maturily on inversion of sucrose in C. P
807 is not clearly indicated in the data on the influence of different
temperatures at high humidities (tables 2, 4, and 3). During 1934
more inversion, however, occitrred in experiment 1 than in experi-
ments 2 and 3 and more in experiment 3 than in experiment 2 (fig. 1).
In experiments on the influence of different humidities on inversion
more inversion occurred at the two lower humidilies in experiment 1
than in experiments 2 and 3 during both 1933 and 1934 (figs. 4 and 5).

DISCUSSION AND CONCLUSIONS

Conclusions relative to the effects of temperature on moisture loss,
duration of stornge on inversion of sucrose, and other changes in
harvested sugarcane arc limited to Lemperature, moisture conditions,
and duration of storage ecmployed in the experiments reported.
They do not extend to heavier losses of moisture than those abtained
in these experiments ab temperatures of 71°, 75°, 80°, and 90° ¥,
nor to still higher temperature or to heavy loss of moisture at these
higher temperatures. Likewise, the conclusions regarding the restric-
tion of inversion by restricting loss of moisture are limited to the
temperatures emaployed amdl to weather conditions usually present in
Louisiana during the harvesting scason.

The effect of tempernture and the concentration of sucrose and
of invertase on inversion of sucrose outside the plant arc well known.
The behavior of inversion of sucrose in the harvested sugarcane stalk
might well be expected to bear the same relation to sucrose and
invertase content and to temperatures as that outside the plant.
Provious results and results recorded in this bulletin indicate that the
relation of inversion of sucrose o temperature and the concentralion
of sucrose and invertase are different on the inside of the sugarcane
stalk from that on the outside. In the limited studies that have been
made, no relation was found befween the invertase content of the
whole, or millable, stallk and resistance to inversion of sucrose. In
fact, C. P. 29/99, which normally shows a higher resistance to inversion
than the other varieties tested {Co. 281, C. 2. 20/04, and C'. P. 29/136),
showed tlic highest invertase content (/8). C. P. 29/136 is one of the
most suscoplible varicties to inversion ever tested, but it has a much
lower invertase content than C. P. 20/99, I concentration of in-
vertase is a factor influencing the rate of inversion in the sugarcane
stalk, it would seem to be eaused by a localization of concentration
within the cells in which inversion occurs, rather than to a total
invertase content of the stalk as a whole. Of course, it is possible
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that the technique used for determining invertase netivity was faulty,

Between varicties there was no relation between sucrose epntent of
the stalk and rate of inversion of sucrose. Co. 290, which has a
relatively low sucrose content, is more resistant to inversion than
C. P. 28/19, which hns n high sucrose content, Within a variety
sucrose content is sometimes correlated with higher resistsnce ta in-
version.  Such relation, however, is not universal, and previous cases
(13) have been observed in which greater resistance has been associ-
ated in cane with lower rather than higher sucrose content in the same
variety, which was harvested about the same time and stored under
similar conditions,

In eane stored at high moisture conditions, rooting and sprouting
occurred in 12 to 13 days at 66° F., and rooting occurred in 5 days
and sprouting in 12 days at 75° (table 1). These vegetative activie
ties had a noticeable cffeet on the loss of sugars, ineluding sucrose, ».¢
75°, and probably occasioned some loss at 669, during the [ater pericds
of storage (tables 2,4, 5, and 6).  As the humidity was lowered at 65°
t0 66° and 71°,neither rooting nor sprouting sceurred. A small amount
of rooting and sprouting occurred at a relative humidity of 85 to §7
percent at 80° in 18 to 20 days and at a relative humidity of 89 per-
cent at 90° in 19 days, indieating that dricr storage conditions
restricted both processes.

The loss of Brix and soluble solids inereased with the cantinuation
of storage and the rise in temperature, ‘This loss is belicy ed to be g
rough measure of vespiration losses. This effect of tempernture on
the loss of Brix and soluble solids corresponds to its effeet on the
evolution of carbon dioxide in other plants. The respirntion rate is
not only affected by temperature on the dormant tissue but also Iy
rooting and sprouting at the higher temperatures. At temperaturcs
of 46°, 56°, 66°, and 75° F,, C. 807 scemns to have a slowoer respiration
rate than PO, ., 86-0L, Co. 281, urad Co. 200 (table 3).

The effect of difforent ternperatures on inversion of suerose is often
indistinguishable in such resistant varieties as Co. 281 and Co. 290
when stored at high moisture conditions.  When inversion is restrietod
this effect extends o more suscoptible varietics—C. P. 807 and C. P
28/19—(fig. 1 anl table 6). Tn cortain lots of resistant vacieties, and
particularly of more susceptible ones, & unigue relation develops.
With the continuation of storage to the second period (12 to 15 duys)
and to the third (18 (o 24 davs) a gradient develops, the rite some-
times decreasing in the varieties Co. 281 and Co. 200 with the rise
in temperature from 45° to 56° F., sometimes to 66°, and ocensionally
to 75°. In the varieties P. O, J. 36-M, C. P, 8§07, (. P. 28711, and
C. P. 28/19 the gradient usually extends 1o 66°, where inversion often
increases as the temperature s reised to 75°. The inversion of su-
crose was slightly less in Co. 281, and considerably less in Co. 290,
C. P. 807, and C. 1. 28719, at 372 to 38° than at 47°, indicating that
temperatures between these 1wo hecome critieal in their effecis,

With an increase in the loss of moisture there is an inerease in the
amount of inversion in all varieties, except Badila? The loss of
moisture in certain varieties (Co. 281, P. Q. J. 213, and C. P, 29,04
had little effvet o inversion in only u few instances Normally in-

? See foolnote G, p. 41,
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creased inversion oceurs in Co. 281 and P. O. J. 213 in responsc to an
inerease in loss of moisture. P. 0. J. 213 is more suseeptible to in-
version than Co. 281 (11). As a result of loss of moisture, C. P. 20/94
(1) has been less responsive to inversion than any other varicty
thus far tested, except Badils {(z8). C. P. 20,94, however, has shown
an inerease i inversion in response to an inercase in loss of moisture
(10). In many varieties the increase in the amount of inversion in
response to the loss of moisture is pronounced.

The loss in weight tended in most instances to slow up slightly with the
continuation of storage. In some instanees, however, there was no
change in the rate of loss during approximately 3 weels’ storage; in
others there apparently was an increase in rate. Because of the in-
erease in concentration of soluble solids resulting from the loss of
moisture with the lapse of time, it would be expected that there would
be a decrense in the vapor pressure of the sugarcane stalk and hence
a decrease in the rate of loss of moisture. The change in rate of
loss of moisture bas no varietal siguificance.

The data indicate that there is & varictal difference in rate of loss
of moisture when cano is stored under the same conditions. On the
basis of the percentage loss of moisture in these experiments the
varieties are here roughly listed from least to greatest in aceordance
with their susceptibility to loss of moisture: Co. 290, C. P. 807, C.
P. 28/11, C. P. 28/19, Co. 281, P. O. J. 36-M, and C. P. 29/320.
The losses in the varieties Co. 281, C. P. 28/19, and C. P. 28/11 were
similer, as were also those of P. O. J. 36-M and C. P. 29/320, The
dats relating to C. P. 28/11 and C. P. 29/320 werc not suflicient to
warrant definite conclusions.

The interplay of temperature, loss of moisture, variety, and ma-
turity of canc on the inversion of sucrose presents interesting relations
gnd problems. The restriction of inversion of sucrose by high
moisture conditions at temperaturces ranging from 46° and 47° to
75° T, is interesting in view of the fact that inversion is a hydrolytic
process. In lots of all varieties stored at temperatures from 46° to
66° and at high meisture conditions, a tendency for a gradient in
rate of inversion of suerose developed, the rate decreasing with the
rise in temperature. This gradient was associated with lots of cane
that showed appreciable amounts of inversion. ¥When cane was
stored under lower conditions of moisture that favored about equal
joss of moisture at temperatures of 47° to 65°, the gradient was ae-
centuated (table 7, fiz. 2). ‘This gradient was sometimes present
during the first period of storage (6 to 7 days), more often during the
second period {13 to 15 days}, and abways by the end of 20 to 24 days.

The initial rates of inversion at 4 temperature of 65° to 66° F. as
compared with that st temperatures below 63° and 66° were variable
in the varietics Co. 281 and Co. 200, Somectimes the rates were
practically the same at 85° and 66° and sometimes greater, and vice
versa. Generally, by the end of the second period of stornge (13 to
15 days) a gradient was developed, with the grestest amount of in-
version taking place at the lower temperature. There wns a ten-
deney for the difference in rate to become greater with the continua-
tion of storage. In C. P. 807 and C. P. 28/19, the initial rate of in-
version was greater, and generally very much greater, at 65° and 66°
than at 47° (table 7, fig. 2).
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The total amount of inversion in C. P. 28/19 (expernrent 1) was
much greater at 65° and 66° F. than at 47° by the end of the second
period of storage and about equal at these two temperatures in ex-
perimens 2. In C. P. 807 the total amount of inversion was much
greater ot 65° than at 47° by the end of the second peried of storage.
In both varieties and both experiments the total amount of inversion
was mueh greater at 47° than at 65° by the end of the third period of
storage. In C. P. 28/19, stored at temperatures of 51°, 82°,71°, and
80° (table 10, fig. 3), the initial rate of inversion was greater at G2°
and 71° but less at 80° than at 51°. By the end of 14 days’ storage
the amount of inversion decreased with the rise in temperature from
31° to Ro°.

From these dats and from figures 2 and 3 it will be seen that there
wiis @ shift in the rate of inversion nt 47° and 65° K. In Co. 290 there
was not much difference in rate during the initial period of storage,
but with the eontinuation of storage there was an ecceleration in rate
at 47° and o deccieration at 65° (fable 7).

In some instances inversion beeame almost stationary at 65° F.
In C. P. 807 and C. P, 28/19 this tendency to beecome siationary at
65° te G6° was much more marked and definite. and in C. P. 28/19 stored
&t 51°, 62°, 71°, and 80°, this charecteristic was cxhibited at each
temperature.  With the continuation of storage this tendency for
inversion to become stationary was also cxhibited to & marked degree
by C. P, 807 and C. P. 28/19 stored at three different humidity levels
at the same temperature, 66° {figs. 4 and 5).

The higher the level of humidity, the less was the degree of inver-
sion when it beeame more or less stationary. These stationary levels
of inversion were widely separated, particularly in lots showing marked
inversion. This tendeney for inversion to become slationary at dif-
ferent levels of humidity was either not present at all or only to a minor
degrec in Co. 200 and P. O, J. 36-M. 1t was exhibited & number of
times by Co. 281, but to a much less degree than ih C. P. 807 and
C. P. 28/19.

Taking into consideration the cffects of tempernature and loss of
moisture in the eourse of inversion in C. P, 807 and C. P. 28119, it
would scem thet a substance is formed (or a condition is developed)
during the carly part of the storage period that vetards and finally
arvests inversion.  The rate of formation increasos witls the rise in
temperature and with the incrense in bumidity levels or the decrense -
in weter Joss.  This substance is apparenily sometimes formed in Co.
281 and ('o. 290. The formation of this substrnce seems to inhibit,
invertese activity. The formation of such & substance certainly
docs not, in most Instanecs, aecount for the inhercend cifference in
resistance or susceptibility between varioties, Some other factor
aficeting the rate of inversion must be responsible for the relatively
high resisiance of Co. 281 and Clo. 290 as compared with the relatively
high susceptibility of C. P. 28719 and C. P. 807. The difference in
the amount of inversion that normally occurs in these pairs of varieties
is attributed to the difference in rate before an equilibrium is indicated,

The formation of the equilibrium substance may account for the
nehavior of lots of cancs of different varieties and of varicties that
show Hitle inversion response to a great variety of stornge conditions.
Its normeal presence in Badila could account for the behavior of this
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variety, which has generally shown little or no inversion even when
the loss of moisture was cnormous (10}, Inversion might also be
limited by the factor affecting the rate of inversion before the equilib-
rium stage s initinted.

Temperature affects the normal rate of inversion, i. e., the rate that
operates before, and apparently independent of, the equilibrium phase,
by reducing it as the temperature is raised from 47° to 65° F., as
indicated by the results with P. O. J. 36-M, Co. 281, C. P. 28/11, and
Co. 200 when the equilibrivm factor was not operating. When this
factor was cg)emting it accentuated the gradient in these varieties.
In verieties C. P. 807 and C. P. 28/19 the equilibrium factor not only
accentuated the gradient but thers was evidence that it would, ingome
instances, also extend the gradient to higher temperatures.  In G P.
98/19, stored at 51°, 62°, 71°, and 80°, the gradicent extended from 51°
to 80° (fig. 3).

The loss of moisture affects both factors. That it affects the normal
rate is indicnted by the fact that it influcnced inversion in all varieties
tesiod. That it affeets the equilibrivm {actor is indicated by a change
in equilibrium level with the change in moisturelevel. By maintaining
a high moisture content in cane, it has been possible to obscure in soma
varicties the effects of temperature on inversion {figs. 1 and 3).

The data presented in this bulletin indicate that there wns a tend-
ency for cane of a particular variety to acquire in most instances an
increased Tesistance to inversion at some stage of development during
the harvesting season, and in some instances an increased resistance
in each successive experiment.  This inercase in resistance was more
evident in susceptible than in resistant varietics, although resistance
may be no more real in the suscoptible than in the resistant
vnrictics. The increase in resistance in a particular variety was
correlated with an increased sucrose eontent of the stalk. DBetween
vaneties no such correlation exists.

Inereased maturity or the {actors that reduce inversion in cane as it
becomes older either hasten the formation of the equilibrium substance
during storage or Lhere is more of this substance present in mature than
in immature cane, because the equilibrium phase is reached at a re-
duced stage of inversion with the imcrease in maturity (see data re-
lating to (g_‘ P. 807 and C. P. 28/19, figs. 1, 2, 4, and 5). Maturity
may also affect Lthe normal rate of inversion, berause reduced inversion
with increased maturity is also associated with varieties (P. O. d.
36-M, Co. 281, and Co. 290} in which there is less tendency for inver-
sion to reach an cquilibrium (table 2, figs. 1, 4, and 5).

Relative to their resistance to inversion of sucrose, the varieties
stucdied in these experiments may be divided into three groups: (1) Co,
281: (2) Co. 290; and (3) C. I’. 28/11, C. P. 28/19, C. P. 807, and
P. O. J. 36-)L

On the whole, the relative position of these varicties to one another
with respect to resistance or suscoplibility scems te be independent of
the storage conditions, although differences in susceptibility are less
manifest &t high moisture conditions. This cbscrvation is of great
practical importance to sugarcane planters and to mill men in connec-
tion with the harvesting and transportation of cane and mill operntions.
If heavy losses are to be avoided, the susceptible varicties must he
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milled expeditiously after cutbing or grenter care must be exercised
to keep the cane moist during the interval betwoen cutbing and milling,

Consistency in the behavior of varieties under all conditions of
storage is of immensc importance in breeding for resistance to inversion
and in testing for such resistance. If satisfactory samples of cane
of different varictics arc stored under conditions favoring loss of
moisture and inversion of sucrose, results that will indicate relusive
resiséance to inversion under the conditions prevailing in Louisizna
during the harvesting senson, especially if the deerce of resistance is
somewhat dissimilar, can be confidently expecheg.

The most important practical considération in connection with re-
sults on the cffect of tempernture on inversion of sucrose is that instead
of a rapid increaso in rate with the rise in temperature between 37°
and 75° F. the differences in rate are relatively small at high moisture
conditions. This range of average temperature includes most temper-
atures that are likely to prevail in storage piles during the harvestin
season in Louisiana when the mean is usuaily less than 75° and the
periods during which 45° prevails are relatively short.  Although
the effeets of temperature on inversion are more marked as the storage
(‘londitions beecome drier, it is possible to avoid drying by sprinkling
the cane.

The mean air temperatures for October (28) at the various Weather
Buresu stations in southesstern and southwestcern Louisiana from 1924
to 1943, inclusive, ranged from 62° to 70.8° ¥. Some stations have
rather consistently higher means than others, Burwood, which is
tocated on an island at the lower end of the South West Pess to the
Mississippt River, showed a higher mean in 18 out of 20 years than
all other stations. Excluding the records for the Burwood station,
the mean was below 75° at aﬁ stabions in 12 out of 20 yeurs. These
means are normally high for the period of grinding cane in Louisiana,
because grinding usunlly does not begin until Qctober 10 to 20,

Records (i1) of air temperatures and at the eenter of storage piles
ranging from a few hundred pounds to 800 tons show that the tem-
peratures at the center of the piles were usually lower than the mean
between night and day temperatures. The larger the pile the truer
was this relationship.” Samples of cane at the center of a dry pile
showed less inversion of suerose than those on the top of the pile.

It has been the practice for certain mills in Louisiana to store cane
in piles as large as 2,000 tons or more for week-ond grinding, ‘This
cane was sprinkled once or twice daily. There has beon ne iadication
of secumulated respiration Lient. This slatement applies to hand-
cut and hand-stripped cane and not to burned or frozon eane.

The range of mean temperatures for November and December from
1924 to 1043, inclusive, at the weather sialions mentioned above were
50.2° Lo 7T1.2° F., and 44.7° {0 60.9°, respectively, October, November,
and December cover the usual period of grinding cane in Louisiana,
although cane is frequently harvested in Jenuvary, which, however,
has lower temperatures than the other 3 months,

Within the range of temperatures prevailing in Louisiana during the
harvesting season the loss of moisture is a {ar more importent factor
than temperature in affceting inversion of suerose, This is particu-
larly true during the carly part of the season whon thé relative hu-
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midity is low and the vapor pressure of the stalk is high because of
the prevailing high temperatures. Then, too, there is generally less
precipitation during the carly part of the season. Furthermore, canc
is normelly less mature during the early part of the harvesting season
and is often mueh more susceptible to the inversion of sucrose. Conse-
quently; during the first 3 or 4 weeks of the harvesting season heavy
losses of sucrose may result from delay in milling and drying out of
the canc.

A very important result obtained from these studics on the relation
of moisture loss to inversion of sucrose is the fact that irrespective of
the varicty and the temperature (up to 75° F.) canc that is kept wek
shows relatively little inversion, although there is a tendency for it
to be greater in susceptible than in resistant varicties. In previously
reported results (11) it was shown that inversion wes kept at a mini-
mum for o week to 10 days by sprinkling cane in piles of various sizes
and when stored under weather conditions prevailing in Louisiana
during harvesting.
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