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Technical Bulletin No. 736 » October 1940

é(aW'indroawing and Storing of Sugarcane in
Louisiana Following Injury by
Freezing Temperatures'

By J. 1. LAUriT2EN, senior physiolegist, Division of Sugar Plant Investigations,
Bureau of Plant Indusiry, and CuarLEs A. Forr, associafe chemist, and R. T.
Bavrcn, senior chemisi, Carbohydrate Resesrch Division, Bureau of Agricultural
Chemisiry and Engineering
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INTRODUCTION

'Ehe purpose of windrowing sugarcane in Louisiana is to protect it
agz}ﬁst freezing temperatures that often oecur during the harvesting
perod. The safest and best way to insure against freezing damage is
to ‘windrow unfrozen cane; i. e., by windrowing early and before &
fre€ze. Unfortunately, to do so would, in many instances, involve
some: loss of sucrose, beeause in the absence of freezes cane often con-
tinbee to grow, mature, and increase in sucrose content. Further-
moTe, except perhaps under special conditions (9),? cane in the windrow
loses sucrose through physiological inversion produced by the enzyme
invertase, a norma% constituent of the cane stalk. In earlier publica-
tions {8, 11), it has been pointed out thet, if windrowed cane is kept
sufficiently damp to prevent loss of moisture, there is but slight inver-

i Submitted for publication, Febroary 12, 140,
* Ttalic pumbers in parentheses refer to Litergture Cited, p. 43,
232786° —40-—1
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sion of sucrose, irrespective of the variety of sugarcane, but in the
field this condition cannot be readily ebtained or maintained. Conse-
quently, in goneral, it is desirable to windrow only varicties that show
the least sucrose inversion under conditions that cause a loss of mois-
ture.

The keeping qualities of seven commercial varieties have been stud-
ied and the results reported (71). These varicties were divided into
three groups according to their resistance or susceptibility to inveision
of sucrose, the principal chemical change taking place in harvested
unfrozen cane, as follows:

Group 1, resistant to inversion under a wide range of storage and
windrowing conditions: Co. 281,

Group 2, showing less resistance than group 1: Co. 290 and C. 1.
29/115.

Group 3, usually showing considerable susceptibility to inversion of
sticrose in comparison with groups 1 and 2: C. P. 807, C. P. 28/11,
C. P. 28119, and C. P. 26/320.

Co. 281 was the only variety recommended s a windrowing eanc.
it was considered feasible to windrow varieties belonging to group 2
in en emergency, provided the cane of these varicties was sufficiently
mature to justify windrowing.

It is not always practical or possible to windrow unfrozen cane;
hence it is necessary to consider the practicability of windrowing eanc
injured by ireezing temperainces. In order for the windrowing of
frozen cane to be satisfactory, it must insure against cxeessive inver-
sion of sucrose and abnormal changes in acidity and pH value, us well
as gum formation, or there must be a suflicient delay in these changes
to justify the expense of windrowing,

The discovery of a criterion by which it is possibie to determine
when and when not to windrow sugarcane injured by freezing tempera-
tures would be vitally important in connection with the problem of
conserving as well as protecting the crop against further injury by
freezing temperatures occurring later in the season. This considern-
tion is particularly true during scasons such as 1937-38 and 1938-39.
In the former senson, early severe freezing injury was followed by wore
damaging freezing temperatures, and most of a very large erop was
unharvested at the time of oceurrence of the first freezing tempera-
ture. In 1938 mild freezing temperatures occurred as enrly as No-
vember 8 and 10 and severe freezing temperatures during the period
of November 25 to 30, but censiderable cane had been windrowed
before the latter period. During such scasons the question of the
advisahility of windrowing cane of varieties other than those normally
windrowed presents itself. The answer to this question will depend
upon the variety, its maturity, the straightness of the stalk, the degree
of injury, the effect of such injury on the normat inversion of sucrose
(such as occurs in unfrozen cane), the amount of unharvested cane,
the ameunt of available windrowing cane, and the weather ahead, as
well as cconomic factors, such as labor supply, ete.

In order for nonwindrowing varietics to be as satisfactory for wind-
rowing as Co. 281 they must be equally resistant to moderate freezing
mjury and such injury must retard their normal suseeptibility to
inverston to equal resistance.  Little is known about cither the relative
susceptibility of such vacieties to lreezing injury or to what extent the
normal susceptibility to inversion is altered by sueh injury.
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The question in connection with windrowing varieties, such as Co.
281, is stmpler than with varietics normally susceptible to considerable
loss of suerose through inversion. The problem is primarily one of
determining the extent of injury such varieties will bear and still
windrow without serious development of fermentation.

Principal attention will be given in this bulletin to the relation of
different degrees of freezing injury to the behavior of cane of the vari-
eties Co. 281 {windrowing variety) and Co. 290 (near windrowing
variety—Group 2 (/1)) when standing, when in the windrow, and
when stored at different condifions of temperature and humidity.
This work was done during the period 1930-38 at or near (Southdown,
Mandelay, Greenwood, Hollywood, Crescent Farm, Ardoyne, and
Ellendale plantations) the United States Sugar Plant Field Station,
Houma, La. .

REVIEW OF LITERATURE

Stubbs (I7), working with Louisiana Purple and Louisiana Striped
varieties of sugarcane, reported less loss of sucrose in eane windrowed
immediately before rather than in cane windrowed immediately after a
freeze severe enough {28° F.) to kil the bud (terminal buds). Cane
windrowed following what he termed & bud-killing freeze (21° F.) kept
slightly better than did standing cane, but difficuity was experienced in
working with juice from both standing and windrowed cane in the
sugar house 21 to 24 days later. Cane subjected to a splitting {reeze
(19° F.) deteriorated rapidly both when standing and in the windrow,
although slightly more rapidly in the former than in the latter case,

On December 7, 1925, Tagzart (18) windrowed P. 0. .J. 234 {ollowing
2 bud-killing freeze. On December 21 another lot of this cane was
cut for the mill and left in a pile in the ficld. There was no evidener
of inversion in the cane after 11 days s the windrow or afler #4 days
in the pile.

After the bud-killing freeze of December § and 9, 1927 {(32° and 26°
F., respeetively, at Houma, La) (20}, Sartoris (14) windrewed the
varieties P. Q. J. 368, 213, and 234 at different loeations in Louisiana
{Landry Plantation, Lafayette; Creseenl Farm near Houma, and the
United States Sugar Plant Field Station, Houma). P. O. .J. 234
showed considerable inversion during 11 to 23 days in the windrow in
two out of four lots. The lot remaining only 11 days in the windrow
showed marked inversion.  P. 0. d. 213 showed little inversion in two
different lots, one 11 and one 23 days in the windrow. There was
little Inversion in one lot of P. Q. J. 36 but considerable m another.
The standing cane either inereased in purity or showed no change
{mostly the latter) until more severely damnged on January | to 3,
1928. Up to this time there was no evidenee of fermentation in the
cane. Cane of the varieties P. O, 10 36, 213, and 234 windrowed by
Sartoris (13) on December 4, 1928, following minimum temperatures
November 20, 21, and 23 (35°, 30°, and 31° F., at Houma, La.),
showed very rapid inversion.

Cane of these same varieties windrowed following injury by freezing
temperature of 25° F. fDacember 9, 1928), in which the terminal and
latoral buds and the leaves were killed, kept better and Tonger in most
instances than the standing cane. The {reezing temperatures of
December 21, 22, and 23, 1928, and of Januvary 3, 1929 (28°, 27°, 28°,
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and 28° I, respeetively) (15), may have influenced the amount of
deterioration in standing eane.

The results of Rands, McKaig, and Bisland (13) obtained during the
grinding season of 1929-30 (Laurel Grove Plantation, Thibodaux, La.)
showed thet windrowed eane of varietics P. O. J. 36-M, P. 0. J. 213,
Co. 281, and C. P. 807, injurcd by the freczing temperature of Decem-
ber 3 (24° ., temporature in the field at the pﬁacc of windrowing) that
killed ail the terminal and lateral buds,? kept fairly well, notwithstand-
Ing the warm weather that followed windrowing, and after 6 weeks
was in as good condition as was the standing cane after 2 or 3 weeks.
The efficet of the freezing temperatures of December 4 and 5 (Schriever,
La., 23° and 25° F., respeetively, and Houma, La., 26° and 29° F.
(2G)) and of December 19 to 24, mclusive, ranging from 19° to 31° F.
at Schriever, La. (20), on standing cane as compared with windrowed
canc should be kept in mind wlhen contrasting the results of the two
treatments. Undoubtedly the more rapid deterioration in standing
cane was due wholly, or in part. to exposure to these temperatures.

SAMPLING OF WINDROWED AND STANDING CANE

In most instances during the vears of experimentation (1930-38)
the cane used in a given experiment consisted of & block of four to six
rows {mostly six}, 150 to 250 feet long, back of the first-quarter drain,
and exclusive of the buffer rows. Txcept for some crooked cane used
during the scason of 1937-38, the canc was siraight and of uniform
stand and was grown on soil of homogencous character. One-half of
the length of these rows was windrowed (two or three windrows) and
the other half left standing. The windrowed and standing cane were
divided into two or three equal lengths along the row. Thirty- to
forty-stalk samples were taken at the points of division of each
windrow and at corresponding pairs of standing rows of cane. Thus,
there were from four to nine samples of cach windrowed and standing
canc at the beginning of the experiment and at successive periods of
analyses. The windrowed samples were taken, for the most part,
al the top end of each section of the windrows. When taken at the
butt end of the windrow, the top cane was removed before selecting
the samples. The butt ends of the windrows were covered with
leaves after the sampling. This method of sampling yields fairly
uniform results, but it is npen to the objection that standing cane is
subjected to more exposure during later froezes than is cene in com-
mercial blocks. However, this objection can be raised against any
method of sampling involving standing cane.

In other experiments desling with the 7 principal commercial
varieties the cane was planted in adjacent 2-row plots. In such cases
only 1 windrow of cance and 2 rows of standing cane of cach variety
were used. Three 30- to 40-stalk samples (selected in the same man-
ner as mentioned above) of windrowed and standing eanc were used
for cach period of analysis. In one vxperiment only windrowed cane
was analyzed,

SAMPLES FOR STORAGE

The cane of a block of uniform stand, sufficiently large to yield the
desired number of sumples, was cut off at the ground and placed, with

! 'The statement relating to the laters! buds is based oo Information furnished by R, D, Rands rather
than on the publication eited,
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the tops on, in a long pile. The desired number of samples was then
seleeted by drawing 30 stalks (20 stalks were used during the season of
1938-39) at random from the entire pile for cach sample. In the
experiments in which both stripped and unstripped samples were stored
the cane of the former sample was stripped after the selection had been
made. From three to five 30-stalk samples {(mostly 5) of each treat-
ment were used for each period of analysis at each condition of storage.

In certain tests the progress of deterioration in different parts of the
cane stalk was followed. In such cases the stalks of cxtra samples
from the standing, windrowed, and storage cane were cut into three
equal lengths just before analysis, and the juice from these seetions
was analyzed.

The samples used for studying symptoms and determining the
amount of freezing injury were selected by taking stalks at each
division point in the windrow and in standing cane, or at random from
the pile used in seleeting samples for storage.

METROD OF ANALYSIS

The eane sampies were crushed in a 10-inch, three-roller, motor-
driven mill, giving roughly 60- to 65-percent julce extraction on the
cane basis. The Brix was determined on the juice, after a ¥-hour
settling, and the direet polarization for apparent sucrose was made on
a portion of juice clarified by dry bagic lead acetate.t Alcohol was
uscd on juice samples that would not clarify properly because of the
presence of spoilage preducts. A double normal weight (56 gm.) of
juice and denstured aleohol was made up to a volume of 200 ce¢. and
filtered, and the filtrate was polarized. An approximate correction
for the alcohol was applied to the result.

The pH value and acidity of the- juice were determined electro-
metrically by use of a commercinl glass eleetrode. A 50-ce. portion
of juice was taken, the pH determined, and then small amounts of
0.1 N sedium hydroxide were added until a pH of 8.3 was obtained.
The acidity was cxpressed as the cubic centimeters of 0.3 N alkali
required to neutralize 10 ce. of juice. The end point of pH 8.3 was
selected, beeause it voughly corresponds to the phenolphthalein end
point of the usual colorimetric titration. When dealing witk juice
from deteriorated cane, the difference between the test of the check
samples (initial samples) and that of the later samples was termed
the excess scidity. During the harvesting scasons of 1937-38 and
1938-39 the excess acidity was, in some instances, determined by the
distillation method (4).

EARLY WORK (1930-36)

The experimental work on the relation of freezing injury of sugar-
cane to windrowing comducted during the period 1930-36 was per-
formed incidental to other more pressing work and also was condi-
tioned by the opportunity to do such work; that is, the oceurrence
and time of oceurrence of freezing temperatures. As o result, some
of the experiments were of short duration and were not so conelusive
as they otherwise might have been.  However, experience was gained

1 The authors s indebted to R. B. Bisland, D. D. Sullivant, and f.. F. Ilarmon for part of the Brix acd
suergse soalyses referred 1o in this bullotin.
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by which it was possible to judge more aceurately the degree of injury
sugarcane may suffer and still windrow satisfactorily. By satisfac-
torily is meant that there is sufficient conservation of recoverable
sucrose to justify the expense of windrowing,

Injury to sugarcane by freezing temperatures normally begins at
the tip of the leaves and in the spindle.  As the freezing condition
becomes more severe, the injury tends to become evident farther and
fnrther down the stalk until all the leaves and all the oves and the
stallk are killed. The lower cves and the lower part of the stalk are
the last to be killed. Tt was found that the number of eves (lateral
buds) killed was a fairly accurate indieation of the degree of injury,
almost to a point when the cane was completely killed. Other svmp-
toms, such as the killing of the terminal buds, the proportion of leaves
killed. external and internal discoloration, cte., and their rolation to
windrowing, were also studied. These symptoms are of considerable
tid in estimating the amount of injury, particularly when it is mocer-
ate, but when the damage is more severe they tack a definitencss of
injury that is associated with the condition of the lateral buds.,  When
the injury is very severe, the amonut of internal discoloration and of
splitting of the internodes are sids in estimating the degree of injury,

More than a supetficinl inspection is required to determine with
certainty whether or not eves are sound, injured, or dead.  The eyes
should be split open and examined for symptoms of injury, sueh as
softening, water sonking, darkening, and blackening. Only firm
eves that are nermal in color and with no signs of discoloration are
regarded as sound.

It is believed that the degree of injury is a morce satisfnetory criterion
for determining when and when not to windrow cane than the degree
of temperature to which canc has heen exposed. The degree of
injury that a given freezing temperature may impose will depend upon
a number of factors, such as duration of the freezing temperature,
the temperature preceding and fellowing freezing. presence or absence
of wind, intensity and direclion of wind, loeation, variety, maturity,
stand, straightness of ecane, efe.

On the basis of the weather records that are now taken there is
often some uncertainty as te the exact minimum temperature to which
given lots of cane nre exposed.  The minimum temperatures as re-
corded by the United States Weather Burcan are believed generally
unrepresentative of those that are obtained in the field, beeause the
stations are usually located near the bayvous and the Mississippi River
where the temperatures are often higher than at locations away from
them.  The stations are also often sheltered by sugar houses and
other buildings. The temperatures at the stations may differ by
severnl degrees from those at locations in the field. as, of course, may
also_the tewmperatures at different locations in the field,  Although
minimum temperature records more representative of field conditions
would aid in anticipating possible freezing injury. an necurste predic-
tion of the degree of injury that a particular temperature would cause
would not be possible in most instanees.

The data presented will be considered as related to the freezing
temperatures to which the cane had been exposed hut more parti-
cularly as related to the degree of injury, especinily as measured by
the eyes that had been killed, or rather the eyes that remained sound.
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During the grinding season of 1930-31, following & freezing tem-
perature of 30° ¥. (Southdown Plantation, Houma, La. (20}) on
November 27, P. O. J. 213 {plant canc), grown on biack land at
Crescent Farm Plantation (a short distance from Southdown), in which
the terminal buds had been killed, shuwed a drop of 2 to 8 points in
purity (hand-mill snd factory-mill analyses) after 32 days in the
windrow, whereas in the standing cane the initial purity was main-
tained. The temperature in the black lands was probably somewhat
lower than at Southdown. The freezing temperature of 30° F. on
November 27 was followed by 2 freezing temporature of 29° F. on
December 17 and 26° and 29° F. on December 23 and 24, respectively.
These temperatures were recorded at Southdown Plantation. On
December 23 the temperature in the standing cane was as low as 23°
F. No difficulty was experienced in handling the julce from either
the hand mill or the factory mill throughout the duration of the
experiment.

In 1932 another lot of P. O. J. 213 (plant cane on Greenwood Plan-
tation near Southdown), in which all the terminal buds were killed.
was windrowed on November 13, 2 weeks after exposure to freezing
temperatures of 27.5° to 28° F. Two weeks later there was no indi-
cation of any abnormal changes and only a slight change in sucrose
content and in purity. The standing cane was likewise in excellent
condition and showed no change in sucrose content and purity,

On December 17 and 18 (1932) the temperatures went down to
24.5% and 28° F., respectively. Stripped (as for the mill) and un-
stripped samples of Co. 281 (plant cane) and P. O. J. 36-M (second-
year stubble) that showed water soaking more or less throughout the
stalks, snd in which the terminal buds and most of the lateral buds
were killed, were immediately stored at temperatures of 47°, 57°,
65°, and 73° F., and relative humidities of 97, 98, 98, and 93 percent,
respectively.  Wot bags were placed on the butt and top ends of the
stripped samples and sprinkled three times daily, whereas the un-
stripped samples were left exposed to the humidity of the air. The
storage conditions also included a relative humidity of 65 pereent at
85° ¥. All of the samples stored under the latter condition were
exposed to the humidity of the air.

During 3 weeks’ storage there was an increase in acidity in the juice
of samples of both varietics at all conditions of storage, except in the
unstripped samples of P. G. J. 36-M at 98-percent relative humidity
at 65° F. The inerease was sheht except in the cases mentioned
below. The increase in acidity in samples stored at 83-percent
relative humidity at 65° F. was probably no more than may be ex-
peeted 8s a result of drying. There was scarcely any change in
purity in samples of Co. 281 under any of the storage conditions and
only a slightly greater change in P. O. J. 36 -M. The greatest drop
in purity (2 pomis In stripped samples and 6 points in unstripped)
was in 36-M stored at 65-percent relative humidity at 65° F.  Aside
from the change in acidity, there were no other signs of abnormal
changes in P. O. J. 36-M at any of the conditions of storage.

The results obtained from unstripped samples of Co. 281 at all the
conditions of storage and from stripped samples stored at 65 pereent
relative humidity at 65° I", were similar to those obtained with sam-
ples of P. O. J. 36-M except for the difference in the drop in purity.,
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The juice from wet (stripped) samples of Clo. 281 stored at each tem-
perature would not filter (or filtered with great difficulty) after 3
weeks’ storage, although no difficulty was experienced during the
first 2 weeks of storage. During 3 weeks considerable excess acidity
(1.12 cc. at 47°, 3.17 ce. at 65°, and 2.32 ce. at 75° I.) developed in
these samples. _Although such extreme conditions are rarely. if ever,
encountered in the field following windrowing, the results indicate that
moisture may become a factor in the deterioration of cane injured by
freezing temperatures.  The results also indicate that under less severe
conditions cane showing such injury would windrow successfully.

Windrowed cane ({) grown contiguously to that used ir the fore-
going storage experiment showed no abnormal changes in 16 days.
It is interesting to note that standing cane of P, O. J. 36-M (1),7in
which most of the terminal buds were killed, censed to increase in
sucrose content following the freeze of November 13, whereas Co.
281, with similar injury, continued to mature.

On December 11, 1934, a temperature of 26° F, (Southdown) was
recorded and on December 12, 19° F. A quantity of plant cane of
varieties Co. 281 and Co. 290 was windrowed on both dates and a
corresponding amount of cane was left standing,  Co. 281 was from
one cut and Co. 290 from another a short distance away, ane the cane
in each cut was windrowed on both dates. In the Co. 281 cane,
windrowed on December 11, 9.4 percent (1.6 eyes per stalk, range
0 fto 5 per stalk) of the eyes per stalk were sound, and there was no
spliti'ng; in Co. 290 there was 16.5 pereent of sound cyes (3.1 eyes
per stuik, range 2 to 6 per stalk) and no splitting. In canc windrowed
on December 12, all the eyes in both varieties were killed and 6 out of
20 stalks showed splitting in each ease. By the end of 2 weeks the
juice from samples of standing cane of both lots of cach variety was
not workable in the laboratory,? and considerable acidity had devel-
oped.  The julee from eane of both varieties windrowed December
11 continued to filter normally, but by the end of 2 weeks the acidity
had increased slightly. The drop in purity of Co. 281 was 0.5 point
and that of Co. 200, 2.0 points. In Co. 281 cane, windrowed Doecem-
ber 12, the juice from 2 out of 4 samples was not workable in the
laboratory, and the acidity had increascd by 1.1 c¢.  The juice from
none of the samples of Co. 200, windrowed the same date, would filter,
and the acidity had increased by 0.8 ce.

Or December 3 and 4, 1935, Co. 281 was windrowed at two loca-
tiocns, ene on sandy (first-year stubble, United States Sugar Plant
Ficld Station, Houms) and one on black {plant cane, Ellendale Plan-
tation) lands, following the freezing temperatures of December 3.
The temperature in sandy land was 29° F. Tn the black land the
temperature was not recorded, but a short distance away it went as
low as 22° F. The sandy-land cane showed 4 percent of the cyes
sound, 34 percent injured, and 42 percent killed.  This injury scems
rather severe as the result of o temperature of 26° F.  In the black-
land cane 24 percent of the eyes were injured and 76 perecent kilted.
After 2 weeks no abnormal changes were evident in cither lot of stand-
ing or windrowed cane.

3@y the stntement that the juice was nol workable is meanl thal the jnice woukl not ilier nor chariiy
satisfacterily with basic lead secetate, The same condilion of the juice {3 represerted when it Is statesd that
it woull not Mier. It is believed that the rondiltrabiliey of Julee 18 n rough measure of gum formation. o

eertain gases, as indieated [n the tables and the text, Juice thal was nonfiltrabic, or fiftered with «itfleulty,
wag treated with sleohol to precipitate the gum fnorder to obitain & polarization readine.
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On November 28, 1936, the minimum temperature at the United
States Weather Bureau Station at Southdown Plantation was 29° F.;in
the black land at the United States Sugar Plant Field Station it was
26.5° ¥., and at Crescent Farm Plantation, 25.5° F. Co. 290 (plant
cane), in which 50 percent of the eyes were sound, was windrowed on
black land at Hollywood Plantation. Unstripped samples were also
stored at relative humidities of 97 and 75 percent at 65° F.  After 18
days no abnormal changes were evident in standing eane or in cane
in the windrow, or at the two conditions of storage after 14 days. The
drop in purity {1.2, 1.5, 0.9, and 0.7 points, respectively) was slight in
all four lots.  Unstripped Co. 281 cane (second-year stubble) that had
been subjected to a temperature of 26.5° F., in which 93 percent of the
eyes were sound, was stored for 2 weeks at the above conditions of
temperature and relative humidity without any deleterious changes
being evident by analysis. There was a drop in purity of 1.5 points
at 97 percent relative humidity and 1.1 points at 75 percent.

WORK DONE DURING SEASON OF 1937-38
WEATHER CONDITIONS

The official weather records (20) at the stations ® within that part
of Louisiana devoted to growing sugarcane for sugar manufscture
show the following ranges in minimum temperatures on different dates
on which freezing temperatures occurred during the months of No-
vember and December 1937; November 20, 24° to 29° F.; November
21, 22° to 31°; November 22, 27° to 32°; November 29, 25° to 34°;
November 30, 28° to 38°; Deecember 6, 22° to 29°; December 7, 18°
to 26°; December 9, 24° to 34°; December 10, 22° to 29°; December
11, 25° to 32°; December 19, 30° to 38°; December 20, 30° to 40°;
and December 21, 30° to 42° F. The minimum temperatures at
the two New Orleans stations were not included, because the tempera-
tures at these stations were higher and less representative of field
conditions than those recorded at the other stations. The extreme
difference in temperatures on the different dates a$ the various sta-
tions ranged from 5° to 12° F.

Duration of freesing temperatures, which varies considerably, is a
factor of importance mfluencing the amount of injury to cane. On
the night of December 6 and the morning of December 7 the tempera-
tures af the United States Sugar Plant Field Siation remained below
30° F. for more than ¢ hours. This fact may account for the severe
damage to standing cane that followed in that locality.

The records given above show that there were four periods of
freezing temperatures during November and December: November
20 to November 22, November 29 and 30, December 6 to 11, and
December 19 to 21. The minimum temperatures during the second
and fourth periods were not sufficiently low in the vicinity of Houma
to be responsible for much demage. The data presented relate
primarily to injury resulting from freezing temperatures occurring
during the first and third periods.

% Southern DHvision: Baton Rouge, Relle Chasse, Cinelare, Dovaldsonville, Franklin, Houms, Meorgsn

(%;Ly,ﬁll'ieser\'e. apd Schriever; Bouthwestern Division: Ahbeville, Chencyville, Crowley, Lafayette, and
Melviile,

23E0° -40—2
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For convenience of discussion, the freezing temperatures of Novem-
ber 20, 21, and 22 will be referred to in this bulletin as the first freeze
and that of December 6, 7, 9, 10, and 11 a3 the second {reeze. The
weather records at Houma, La., covering the period in which the
experiments were conducted, are recorded in table 1.

TaBLE 1.—Weather records ' al Houma, La., during periods in which windrowing
experiments were conducled in the harvesting season of 19537-38

i
! Temperatuem | ! Termperature
| Tt 1 ] i
o g8 @ =R
Ate = =' 2 sky Date = ERE=R Sky
2 |Zr5° . 2128 ¢
£ 1515 3 i3 5120 B
& (=2ta- = I gz iE]| 2
i ' Ty i B
ap. | | enfonl o,
52,5 | Cloudy : pis 160 {675 - Cloudy.
28 1 36.5 § Clear. 65| 56, 60,0, Do,
28 - AT.5 Bo. {l 50 142 49.0 Deo.
. 0 ?g igg C‘-loud';“‘ g ﬁ ! gg 1 Clc%o.
i . 421 50.0 Do. # | 37 ¢ 3L.5 Da.
OV, . 18 5%2 ! Eo. 70 ¢ 49 5.5 1 Cloudy.
. W03 55 | 30.5 4 a. 4ty a2 | 59.0 o.
Nov. 27. [ 0 |l ES Da. {71150} 60.5 ] rarly cloudy.
Nov. 28, 0 V66 a0 | 53.0 | Clear. ) P8 BLS | Cloudy.
Nov.3. ... 0 B3 ;#1470 Do, i T I 60 1 67.5 | Partly eloudy.
Nov. 30 D [ 661321 46.0 Do. : {8 M55 Do
Dec. 1 0 + BB 35| 5.5 | Partly clowdy. » " 70 35 0 HLS - Dao.
De. 2 o} [ 67, 38| 525 X : . Th| 57! 6.0 Do.
Dec. 3. S0 26D 33 L0 | Partly cloudy. : j 72 57 . .5 Dao.
BecAa., o .aa'g;gzigg.n cl Dio‘ |75 5 ! 615 Da.
ec. §. ..., B3 . 41 ] oudy
Dee.s. ...'0 42738 340! Clear. w'leaise|ans| Clauly.
Dee. 7., 0 [ 530 %4 38,5 Prrtly clowly. 3|46 [ 920 Partly cliudy.
Dec. B, .. ; L25 ;8642400 oudy. [ 35 40.5 7 {lear.
Dec. 8......,0 '50F3%}420 Da. | PaL [ 47| 0.0 Dartly cinudy.
L ] 49 271 35.5 | Partly cloudy. | D481 44 52,5 | Cloudy.
] cH 200 s Do, 10 85| 47 | 36.0 Da.
.02 85| 40 52.5 | Cloudy, 380277770 58 | 43 [ 4005 | Pantly eludy.
ST 871650 Clar ! —_—
-0 l77is3]eso] Partly cloudy. | Total or 638 ' & {4488
] ] 76{ 61635 Do. E average, i

' I, 5. Department of Agriculture Weather Burcan Climatological Data (20,
Conprtion oF CaNE AT THE TiME oF First FrEEZE

At the time of the first freeze the cane differed greatly in maturity.
Because of dry weather in some of the western parishes of the Sugar
Beit during the early part of the growing season, the growth of sugar-
cane was very much retorded. With the return of rainy weather in
early October the cane resumed active growtb, which resulted in an
immature condition of the cane. In other localities, near Houma
for example, the cane was relatively mature.

As a result of the torrential rains of October 2 and 3, much of the
cane in many of the localities was badly lodged and crooked. Such
cane does not form a close mat in the windrow and, therefoie, is not
as satisfactory for windrowing as straight cane.

INJury RESULTING FROM FREEZING TEMPERATURES OF FIrsT FREEZE

The effect of the freezing temperatures occurring on November 20,
21, and 22 (the first freeze) varied from cane that was slightly injured
to cane that was practically killed, with only an occasional eye at the
bottomn of the stalk remaining scund (6). In some instances all the
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eyes may have been killed. Variation in the degree of freezing
temperatures at different locations throughout the buo'ur Belt w onl(l
account for most of this difference in injury. H()\\«ever in some in-
stances there were differences in the amount of injury in the same
field, depending, it would seem, upon the direction of the wind. In
one or two instances the difference was rather striking.

In most localities one of the immediate effects of this freeze was 2
cessafion in the formation of sucrose. This effect was particularly
sertous in immature cane, In certain cases the sucrose content was
s0 low as to make the manufacture of sugar unprofitable, although
the condifion of the cane was otherwise satlsfﬂctory for ﬂ‘lmdmo
It is expected that with the same exposure immature cane would
suffer more actual injury than cane of greater maturity.

It is believed that lodged cane is subject to more Injury (and
probably more varied injury) by freezing temperatures than straight,
erect cane, although this fact has not been clearly demonstrated. It
wottld seem that the lodged cane would permit the cold air to settle
more readily into the cane amd the heat to radiate from the soil
more promptly, whereas the leaves of the erect cane would tend to
refard the loss of Lieat from the soil and most of the cane stalk and to
interfere with the settling down of the cold air around the cane stalk,
Records taken during the grinding seasons of the last few years show
that normally the coldest minimum temperature in the cane field
is &} or near the growing point of the cane stalk, i increasing at lower
fevels as the frround is approached. King (&) has aIready reported
similar observations.

Isivry Fortowixe Freezive TEVPERATURES OF SEconD FREEZE
WINDROWED CANE

In some instances after the second Ireeze (December 6. 7, 9, 10,
and 11) considerable injury was observed in cane windrowed imme-
diately following the first freeze. A large part of this injury was
due to the crookedness of the cane when windrowed. The principal
damage was to stalks or portion of stalks that were uncovered or
incompletely covered by leaves, or to stalks projecting into the air.
Although freezing injury sometimes oceurs in straight cane in the
windrow, it is usueily limited to the top joints of the stalk, the upper
part of which lies &t or near the top ef the windrow.

STANDING CANE

Much of the standing cane was killed outright by the low tempera-
tures of December 6 and 7. In many localities this injury was un-
doubtedly aggravated by the freezing temperatures of December 9,
10, and 11, The windrowed cane (i. e., before windrowing) and the
cane used for storage at different temperatures and bumiditics in the
experiments discussed in this bulletin were exposed only to the frecs-
ing temperatures of December 8 and 7.

The data relating to killing of the eyes and splitting of the stalk
of cane used in these e*cper:ments are reported in table 2.
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TanrLe 2.—Degrees of freezing infury o sugarcune varieties Co. 281 and Co. 290 used
i windrowing and in storage experivents as measured by injury and Elling of
cyyes and splitting of slulk

»

Lyes Eyes | Eyes

; Pec 1 Per | Eyes per stalk

Varlety and expori- | Stalks | P00 graly | stalle | JR¥CS IRT sta . )

moet No, nsed aﬁly;_ kflled |injared (us\c.'g_ﬂf,l(,) Rewarks
Agn} (aver- | {aver- -

B age] nged

Co. 281 (plant cane): [Nuimber| Number] Number| Number N -+ mberi Percent
11, 10 6.9 2.4 5.7 $8.0 | None aut of 30 stalks showed

153.0

splicting.
ig 4.0 9.9 1.2 2.8 2.0 | 1 internode io coch of 2 aut of
0 stalks showed splitting.
W, 17.3 13.4 L& 1.3 L7 | linteruodein 1, 2in L, snd 3 in
i i oui of 10 stalks showed
. splitking.
b 15.4 154 ¢ 1] ! internode in cach of 5 stalks
and 2 Internegdes (nococh of
2 stulks owt of 20 stalks
showed splitbinge.

6,0 1 iternoude o tostalk out of
B0 showed splitting.

1.9 1 internode in vach of 5 stalks
and 2 ioternodes in each of
3 out of 1% slalks showed
splitting,

16, § 3. o 1] 1 to 4 interoodes in 19 gut of
2} stalks showed spiitting,

' Windrowing experiment No. 1: Cane of vorieties Co. 231 rnd Ce, 200 windrawed Navember 22, 1937,
Hollywood Plantation. Storage experimont No. 1 Coge (vom saite clits ug windrowing exporiment No. |
stored at different |omperatures and relative humiditles, Nov, 2. Daota apply to both windrowing and
storage pxperiments,

! Windrowiog experiment No. 2 (Co, %1 Cane windrowed Nov. 20 at the U. &. Bugnr Plant Field
%l]uti?n, Houma, Ta. Windrowing experiment No. 2 (Co. 200): Cone windrowed Nov. 26 st Hollywootl

aDtation.

I Windrowing experfinen: N, 2 {Co. 2813 Cane windrowed Dae, 9 ot Ardoyne Plantation.

' The lewer eve only of § out of 20 stalks Was sonnd.

} Windrowing experitnent No. 4: Cone windrowed Dee. 9. Co. 200 wus located n the sama cat and
muljocent to thel nsed in wimdrowing and storage experiment No, 1. Co. 280 whs froms a difTerent out at
ITollywood Plantation. Slorage experiment No. 4: Cane from the same cuts us that used in 4, storeed Dee,
Sat c{iﬁercnt temperatures and retative humiditics. Data apply to windrowed and stored canc of both
varieties,

GEryINaTION TxpEris ENTS

In order to determine whether it is possible to detect viable eyes by
their physical appearance, the eyes (single eyc secd picces) thet
appeared to be alive in 10 stalks of cach of the varieties Co. 281 and
Co. 290, taken at random {rom the windrow in conncetion with experi-
ment No. 17 (table 2), were incubated for 2 weeks in wet sawdust at
a temperature of 80° K. The injurcd and dead eyes (the upper eyes)
were discarded. In Co. 281, 85 percent of the cyes germinated and
100 pereent of the sced pieces rooted. In Co. 290, 18 percent of the
eyes germinated and 92 percent of the seed picces showed rooting,

he rooting in Co. 290 was not as profuse as in Co. 281. It is possibTe
that the conditions of germination were not as favorable for Co. 290
a8 for Co. 281; otherwise, it must be coneluded that the vitality of the
parb of the cane from which the eyes eame was not normally as great
in Co. 290 as in Co. 281, or thal 1t was impaired more by freezing or
by conditions in the windrow, ur by both. The resulis in connection
with Co. 281 were definite and conclusive. Although the results in
connection with Co. 290 are less conclusive, they do show that there
was some life in most of the seed pieces selected.

T In this experiment o quantity of the cone was windrowed on November 22, parl of which was used for

stornge at different temperatures and humidities and the remainder was lefl i 1he windrow, from which
samples were taken for the permination test on December 6,
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WiNpnowirne KXPERIMENTS

Three lots of Co. 281 (experiments No. 1, No. 2, and No. 3, table 3)
and two lots of Co. 200 (experiments No. 1 and No. 2, table 3) showing
different degrees of injury {table 2) were windrowed during the inter-
val between thc first and second freezing periods, and one lot of cach
variety was windrowed on December 9 (experiment No. 4, table 3)
following the more severe temperatures of December 6 and 7, in which
all the eyes were killed and there wes also considerable sphitting of
the stalk (table 2). The Co. 290 used in experiments No. I and No. 4
wag from adjacent areas located in the same eut (table 2). It had been
expeeted to ebtain Co. 281 for experiments No. 1 and No. 4 from the
same cub, but by mistake the standing cane of this eut was harvested
just before and the windrowed cane Just after initiating experiment
No. 4, The Co. 281 and Co. 290 in experiment No. 1 were located
on the opposite side of the sameroad. The other lots of both varieties
were somewhat nore widely separatod.®

# Location of cane used {n varions experiments: No. 1, both varleties from Hellywond Plantation; No.

2, Co. 200 from Hollywood Plantntion and Co. 281 from the United States Snpar Plant Fiekl Station; No.
3, Co. 281 {romn Ardayne Mantutio nrund Ne. 4, both varicthes frem Flallywood Plantatlon,




TaBLE 3.—Relation of the degree of freezing injury to changes in Briz, apparent sucrcse, acidity, and pH value, and to the workability of
juice in standing and windrowed sugarcane of varielies Co. 281 and Co. 290

i4!

Standing cane Windrowed cane

Avor- ]

age Total
sound acldity |
Variety and experimant No. Date of eyes (0.1 Juice
analysls per Suerose! Purity NaOHR | extrae- Suerose] Purity
stalk per 10 tion
ce, of
Juleo)

Cubic

centi-
: meters

Co. 281 (plant cane): Nov. i} 1 i) 4. 3 . 2. ﬁg
- P - o . LA r & 8

DO &0 00 00
neper
- el 00N~

Co. 200 (plant cane): Dec. 13 ¢ 15, 58
1. dammeei escmmtmamim idee, 3t £ 14.70

1988
Jan., 7

THATTADMIDY 0 *TAUd 'S ‘N ‘9¢l NIITTTAG TVOINHOEY




1937
Nov, 278 15,83 12.83 82.1 5. 26
Deo. 15. 64 12.80 81. 8 5.35
3 Dec. . 15.34 12. 56 SLY 5. 30
Dec. 14, 50 ® Joe- | 420
Dec, . . T LOTTIPEP e PRI 3
? W S R {Dee. 5,32 2 2,96

Dee. 19 14,98 | 10.36 | 349.2 4.2 , . 4.4 5.80

1 Juice from 1 out of 3 samples was not workabls and was analyzed by adding nleohol, $Julee from 2 out of ¢ samples was not workablo by the usual method and was
2 Juice was not workable and no polarization was made. unngzv.d by adding aleohol,
4 All julee samples wore analyzed by adding aléohol. 5 Cane windrowoed Nov. 26,
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Under the conditions of the experiments it is not possible to divoree
the full effect of the two freezes on either variety., First, the canc
had slready been injured at the time of the second freeze. It is very
likely that the effect of the second freeze on uninjured cane would
not have been so severe as the combined effect of the two freezes.
Secondly, although there was no serious deterioration in standing or
windrowed cane of cither variety before the second freeze as compn.red
with the rapid deterioration that followed this frecze, it i3 possible
that the relative low temperatures prevailing during the interval
between the two freezes might have been largely responsible for the
conservation of the cane during the first period, wherens the some-
wuat higher temperatures (hg 1) that followed the second freeze

s | t|l|l!|||H||l|1|l||1l|l1|i|illl B
—— AL
. T I Laky vt empeiargeis ) £RON WO 30 1283 70 w23, 230 | |
— O Y MAXIIG TEMEERSTHEES :
’ f‘#ﬁ.‘eiﬂﬁ”f‘ R mreq I2IT 7R AN K 1938
; 7

TEMPERATURE {'F)

L A - Wl B )

f‘"!Jd-’Y}J’MJ’"J’Jr’A’H”!‘V LN R
e R T 2LPFATER 30 AR AT N
TIME IN CaY5s FOLLOWING INITIAL FREEZING TEMPERATURE

Figuke L --Maxinnon snd micinoun temperatures during experiments conducted dinneg the seasons
1929-3% anrl 1037-38 (200,

meay have been largely responsible for the very rapid deterioration
that followed. And thirdly, both standing and windrowed canc
suffered from the second freeze and, therefore, it is not possible to
know exactly what would have happened to the ecane had not the
second freeze occurred. However, the fact remains that the cane
windrowed before the second freeze continued to hold up long after
the standing and windrowed cane used in the experiments initinted
after the second freeze had reached an advanced state of deterioration.
This fact indicates that the conservation during the interval between
the two freczes was not due so much to the weather conditions that
followed windrowing as it was to the condition of the cane. This
observation is particularly valid in connection with Co. 290 in which
n lot of cane from the same source and with the same initial injury
was used in experiments following both freezes texperiments Na. |
and No. 4, table 3).  That the deﬂn-o of injiry was a more important
factor than weather infiuencing the relative conservation of the cane
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following the two freezes is further substantiated hy storage experi-
ments discussed on p. 21.

The most important observation to be made from the data presented
in table 3 is that under weather conditions such as those of the season
of 1937-38 serious development of fermentive changes is not to be
expected in windrowed canc of the varieties Coo. 281 and Co. 290
showing any sound eyes at the time of windrowing. The cane of
both varicties used in experiments begun following the second freeze,
in which all the eyes were killed, deteriorated very rapidly whether
standing or windrowed. The deterioration was shightly more rapid in
standing cane, but windrowed and standing cane alike were soon unft
for sugar manufacture. It should be stated in this connection that
in many other sections in the Sugar Belt factories continued to grind
standing canc for 2 or 3 weeks later, indicating that much of the
canc in these sections was not injured so severely as a result of the
second freeze as was the cane used in these experiments.

In windrowed cane analyzed at the termination of the experiments
there were signs of deterioration in the way of excoss acidity and gum
formation in the two lots of Co. 281 showing 1.7 and 20 pereent of
sound eyes. There was some excess acidity in the two lots of Co. 260
windrowed before the second freeze, but no diffiealty was experi-
enced in filtering juice of any of the samples.

The cane of both varieties windrowed before the second freeze
exhibiting the greater injury showed the lesser drop in purity. Par-
ticularly was this true of C'o. 200. These results are in harmony
with those obtained by Sartoris (#5) and Rands, AMeKaig, and Bisland
(18} in connection with varieties fairly susceptible to inversion of
sucrose, as well as with Co. 281 in the latter case, and would seem to
indicate that with a certain severity of injury inversion is impaired or
that reducing sugars are destroyed. However, it should be kept in
mind that cane grown st the same location was not used in any two
of the experiments discussed, and that different lots of uninjured cane
from different sources sometimes hehave somewhat differently (41,
Before definite conclusions coan be drawn rewarding the offect of
freczing injury on inversion of sucrose, experiments dosigned  to
isglate this effect must he conducted.

Analyses given in table 4 were made of samples of the top-, middie-,
and hottom-third pertion (by length) of the stalis of Co. 281 in experi-
ments No. 3 and No. 4, and of Co. 200 in experimentz No. 1. No. 2,
and No. 4 (tables 2 and 3). Although the analysis was limited to I
sample (30 pieces) in each ense, and should not he civen the same
importance as the data in table 3, the results are fairly uniform, and
definite trends arc indicated in connection with the more marked
changes that took place. Because of the difference in the amount of
injury, the data, so far as varicties are concerned, are not comparable
except in experiment No. 4, where the cane of both varietics was
probably entirely killed. The data obtained from cxperiment No. 4
indicate very rapid deterioration in all scctions of both varicties
In the main, the greatest deterioration was found in the top third,
the next greatest in the middle third, snd the fcast in the hottom
third of the stall. when measured by the excess acidity, the decrease
in pH value, and the drop in purity. There was no significant
difference in deterioration between standing and windrowed cane.

2VEES—— -3




TaBLE 4.—Relation of degree of injury lo changes in Briz, apparent sucrose, acidity, and pH value, and workability of juice in top, middle,
and bollom aections of stulks from slamlmg and wmdl owed sugarcane of lwo varielies

Stunding cune Windrowed eane

- Aver- ke
ura- ago ’
Varlety and experiment | Date of | tionof | Part of cane | sound "'(I l((,llll;,lv ngl(()lti’:.ly
No. analysls | experi- (thirds) eyes . § 01 N Juiee . 0.1 N Juice
ment per x {Sucrose | Purity NaOH extrie- Sucrose | Purity NaOH extrac-
statk per H.ee. tion per 10 ce. tion

of juiee) of juico)

Cubic Cubie
centi- centi-
Co, 281 (plant cang): - 1937 3 Percent ° Percent melers | Percent Percent wmielers | Pereent
Dee. 3 0 13.28 0.3 . 32 3.20 62 3. 9.12 . . 67
Dee. 11 11,47 7.77 07.7 . 3.83 8 3 . X 3.32 62
8. cermasan nmmmann - [ 0C. 1B 1.7 11,85 ") I TS . 10.05 . {H . . B 54
Doe, - 1LG0 | 25690 . 2,30 3 X " - G0
Dee, 31 § RN I PSS SV R - 2, . . . 6. 54
3 15,490 12,40 3 3 3 . (3 . . 65
11 14. 52 11,76 . g . : . 3 . . 63
[ SR 18 Middle.._. .. 14, 24 ! o 3
B 13.09 | 28,05
15.00
13]. 63
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Co. 290 showed slightly less deterioration than Co. 281 i standing
bat not in windrowed cane.

The data obtained from the experiments started following the first
frecze indicate only a slight deterioration in standing cane of both
varicties until after the sccond freeze, when it was marked and the
rate toended to be of the same order in the various seetions as indieated
in eanc windrowed after the second frecze, This same order prevailed
in Co. 281 windrowed before the second freeze, There was a slight
inerease in acidity and deerease in pH value in the middle and bottom
scctions of windrowed Co. 290 in experiment No. 1 (toble 4), (37 per-
cent sound cyves (table 2)). There was no indication of change in
aeidity and pH in the middle and bottom sections of Co. 200 with
11.9 pereent sound eyes in experiment No. 2 (table 4}, In both
experiments (1 and 2) there was a slight increase in acidity and
deercase in pH value in the top section. The drop in purity was 8.4,
5.0, and 5.0. respectively, in the top-, middle-, and hottom-third
sections of windrowed Co. 290 in experiment No. 1 (37 percent sound
cyes (table 2)) after 44 days in the windrow.

The formation of guni, as indicated by the nonliltrability of the
juice, was more prompily (about 2 weeks carlier) recognized in the top
soetion of the stalk than in whole-stalk samples in the ease of Co. 281
windrowed before the second frecze (experiment Ne. 3, tables 3 and 4).
These results alse indicate that by topping baclk it would have been
possible to obtain samples containing little or no gum.

Because of the badly lodged condition of the cane in many seetions
during the season of 1937-38, the question arose as to whether it was
practical to windrow crooked cane, Tn ovder to obtain information
on this subjeet, 75 feet of two rows of badly lodged and erooked cane
of the principal commerecial varietics (Co. 281, Co. 200, C. P, 807,
C.P. 2811, C. P. 28719, C. P, 291116, and C. P. 320), grown in two-
row plots side by side at the United States Sugar Plant Field Station,
were windrowed shortly after the first freeze (November 27), and a
corresponding amonnt left standing at the end of each windrow.
Three samples of windrowed and three of standing cane were analyzed
at the initiation of the experiment and after 6 and 27 to 29 days {only
one sample of standing cane of each variety was used in the last analy-
sis. The standing cane was analyzed 2 days later than the windrowed
cane). Beeause of the great variation in sucrose content and purity
in the different samples, relinble rvesults of suerose losses were not
obtained. However. the changes in acidity, pH value, and the filtra-
bility of the juice indicate that windrowing afforded considerable
protection against the second frecze. The juice was nof workahle from
any of the samples of standing cance of all varieties (analyzed December
29). Tt was possible to obtain, without difliculty, polarization read-
ings of the jutee of all samiples of windrowed cane (topped normally).
The excess acidity in the standing cane ranged from 1.77-3.70 to
6.70 cc. and in the windrowed cane from 0.2¢ to 1.35. The greatest
excess acidity in windrowed cane oceurred in Co. 290 (1.35) and the
next in Ceo. 281 (0.06). Co. 281 was hadly exposed because of the
small ameunt of cane that was left in the windrow. . P. 28/11
exhibited the lowest excess acidity in standing (1.77) and windrowed
cane (0.20).
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STORAGCE EXPERIMENTS

One storage experiment {No. 1, table 23 was gtarted November 24,
in which unstripped samples of Co. 281, showing 38 percent of the eyes
sound, and of Co. 290, showing 37-percent-soumnd eves, were stored at
five combinations of temperature and relative humidity (tables 2, 5,
and 8).

A second storage experiment (No, 4, table 2) was started December
9, in which unstripped samples of the same two varietics, showing no
sound eyes and stalke badly damaged, if not killed, were stored at
six ecombinations of temperature and relative humidity (tables 2 and
7
The Co. 290 used in the storage experiments came from adjacent
areas from the same cut as the cane used in windrowing experiments
Neo. 1 and No. 4. The Co. 281 uscd in the storage experiment No. 1
and windrowing experiment No. 1 came from adjacent areas in the
same cut and that used for storage experiment No. 4 snd windrowing
experiment No, 4 from contiguous areas of another cut. In the case
of both varieties, windrowing experiment No. 1 and storage experiment
No. 1 were started November 22 (1. ¢, the cane was cut on that date)
and windrowing experiment No. 4 und storage experimont No. 4
Docember 9.

The conditions of temperature and humidity are given in tables 3,
6, and 7. In experiment No. 1 relative humidities at three tempera-
tures (50°, 71°, and 80° F.) represent approximately equivalent
evaporating capacities of the alr {saturation deficits) and in experiment
No. 4 the same saturation deficits prevailed at these temperatures,
as well as at 62° (73 pereent relative humidity). At 62° I'. experi-
ment No. 1, there were two relative humidities (97 and 58 percent),
but they were not equivalent in evaporating power to these obtained
at the othor temperatures. In experiment No. 4 there were two
additionnl refative humidities (96 and 57 percent) to the one mentioned
at 62° I,




TanLe 5.-—Briz, apparent sucrose, apparent purily, acidity, and pH value in unstripped samples of sugarcane varieties Co. 281 and Co 290,
showing 62 and 63 percent, respectively, of the eyes killed by the freezing lemperatures of November 20, 21, and 22, or 38- and 87-percent
sound eyes stored al different temperatures and relative humidities representing about the same saluration deficit, * 1937

Temperaturs of 50° F, and relative humid- | Temperature of 71° F. and relative humidity | ‘Femperature of 80° F. and relative hamidity
ity-of 66 porcent of 81 percant of 86 paeréent

) Total Total | Total :

Varlety and date of analysis f u(gi(lll%' Tuiea |- n(:x)i(llift\iv Tai u(gi(lliltgv Tulee
.17 X uice .

NaoHm| OX NOH | ox- NaOH | o

por | e L per | brae- por | {rac

10¢ee.of| MO 10ce.of | tion 1ee.of { “1©0

Juieo) " Juico) Iuice)

88'9

Percent Percent Ce. | Percent ° Percent
60 I 13.70

Percent
84.8 | 5. 2,56 60 | 16.15 60

Co. 281 (plant cane): Days| ° | Percent Ce,
Nov.2 . ool 0 {16.15 13.70 | 84.8 | &. 2. 56

'Bec':ls DO 7 [i6.06 | 12:99 | 80.9 | 5. 2,60 60 . 13.42 | 825 2. 5t 601 16.00 | 13.87
CC. 8. . [ N
Co. 200 (plant cane):?

2 ..

60
G0
63

60
64

14 |16.37 | 13,20 | 80.6 | 5. 2,48 i) 3 13.35 | 82.0 | 5. 2.48 501 16.25 | 13.30

Nov. 2 oo iviniains 018,65 | 13.90 | 83.5 | &. 2,84 63 5 13.00 1 83.5 | 5. 2.84 631 16.65 | 13.90
Doe. 1. . "t 7 1673 1 12,85 | 76.8 | 5. 2.84 04 3 13.33 | 8L.O | 5. 2,80 61 ¢ 16.36 | 13,24
Dyo, 8 ceremmsnmmemeat 14 717,00 | 12.30 1 725 | 5. 2.4 58 8 13.57 | 8.2 | 5. 2,70 631 16.74 3 13.39

1O NN

oo
SO N

! Che satnration dofieit 15 the ditference between the vapor pressuro of the air at saturation and any vapor pressure of the air at any point below saturation and is n measure of the
evaporating power of the air. A given safuration deficit hus equal value at all temperatares, whereas relative humidicy is a function of a given temperature. The relative humidity
at 50° F. is:a little high or the saturation deficit a little small ns compared with'that at 71° and 80°. 'he suturation defleit aimod st was 0.144 inch of mercury, which would give
approximately 60, 80, and 86 porcent relative humidities.at 50°, 70°, and 80° F., rezpectively.

2 Experiment-No. 1, table 2,

UAITINOMDY IO IdUd 'S ‘A ‘9¢s NITETING TVOINHOEIL rdd



http:1O.65113.uo

SUGARUANE [N LOUISIANA 23

TaBLE §~—Briz, appareni sucrose, apparent purily, acidity, and pH value in wn-
slripped samples of sugereane varielies Co. 281 and Co. 290, showing 62 and 63
percent, respeclively, of the eyes killed by the freezing temperalures of November
20, 21, and 22, or 38- and S7¥-percent sound eyes stored at $ relative humidities at
62° F., 1937

Temperafure of 82° F. ami relstive I Termnperatitre of 62° F. aod relative
humidity of 97 percent humidity of 38 percent

Variety und date of
analysis

1 ueidivy ()

nCHE per Hiee. of

Linrhton of starnge
 Juice)

Hurosa
ity
Julee metraction
Julee s tgetian

©OBUeTGin

o, 281 (pinnl mneis” M B,
Mo, 29 . Ll 13T 8L 85
[pIU | - a, 13 B2.6 3
wes | CHO4 W 323
Cler, 2y fg-tant ennes

BEE
- o

.60 L8 835 5 7 TR T I %)
16. 48 1310 70.5 533 . &4 16,00
.50 1331 508 & i B3 IS

T Experitment No. 1, jahle 2.

S5
=10

Tasre T.— Helalion of freezing injury of sugureane, in which uil the eyes and appur-
ently the stalk have been kitled. to changes in Briz, apparen! sucrose, apparent
purily, acidity, and pfi value, and to gum formation in wnstripped samples of
varielies Cn, 281 and Co. 200 slored al relative huwmniditivs represenling approzi-
maleln the same sotnroation deficil al temperatures of 509, §2°, T1°, and 80° F.
and ol 3 vefakive humidiii e af 3325 F

ei;\::gﬁli%is Co. 251 (plant wng) | T0, 2% (plant saoe)t
t

1N
v, if

ROTL por 1) e,

Crale of
o) vsis

J Tanperalure

Uaetdity @i N -

OFl por Mhep. of

i
i
'
'
1
i
1

o
P
B

Hee)
futen)

N

Irurstlsn
™
Jul

Suurase
Herigy

1
T
Juliew gxtrueting

" Indee exiretion

957 Dayy
Dec. 1., [
Dee, 18, . &

1933

. m
o
i
B

i
&1
o

Bs
L]

Jon. 4

1937

Jec. 16 . 64 3
o] &% .
] ez 12 (3}
B : 1

e e
REBIE

i Experiment No. 4, table 2.
T fulee spmples from 2 oul of § sunples were oot worksble
1 Juices of all samiples oot worksbile,
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There were no abnormal changes apparent in samples of either
variety stored before the second freeze at any of the storage condi-
tions during 2 weeks. These results indicate that the conservation
of cane with similor injury in the windrow during the season of
1937—38 was due to the condition of the cane rather than the relatively
cool weather following the first freeze. Judging from these results
and the results from the winarowing experiments, and the fact that
no factory difficulties were encountered until after the second froeze,
it is quite possible that all the eane of these varieties might have been
windrowed without danger of serious changes in acidity, pH value.
and development of gum. So far 25 can be seen {rom these datn, the
behavior during 2 weeks' storage of cane stored before the second
freeze was similar to that of sound cane, Although there was an
apparent greater consunption of total solids with the rise in tempera-
ture. there was n greafer drop in purity (marked in Co. 290) at 50° F.
than at the higher temperatures. There was a much greater drop in
purity in Co. 290 at 38 percent relative humidity than at 97 percent
at 62° F.

The eftect of storage conditions on changes in e¢ane exposed to the
second [reeze was very different from that on cane of less injury.
The juice from all the samples of both varieties after 8 days' stornge
showed an increase of acidity and a decrease in pH value at all con-
ditions of storage. These changes were aveentuated with the rise in
tempernture.  Gum formation was suflicient at all conditions of stor-
age except at 50° F. to prevent filtering and polarization readings by
the usual methods. Even at 50° T, the julce from two out of throe
samples of Co. 281 was not workable in the luboratory,

Samples of each variety from cach condition of storage were sec-
tioned into thirds and pH and acidity readings made after intervals
of 6 and 12 daxs, check readings having been made at the initiation
of the experiment. Brix and polarization rendings (tuble 8) were
made of initial samples and in connection with storage samples [rom
temperatures of 50° and 80° F. Not only was there n much greater
drep in purity in all sections of both varictices at 80° than at 50° F,,
but there was a greater destruction of total solidg, as indicated by the
drop in Brix in all instances at 80° ¥, in spite of the fact that the cane
was stored at conditions favoring the loss of moisture, At 50° F,
there was nn increase in Brix in all sections of Clo. 290 and in the
hottom section of Co. 281, as might be expected from the loss in
moisture. The top and middle sections of Co. 281 also showed a
ilecrense in Brix, which may have heen ecaused by the fact that these
seetions showed greater evidence of deterioration at the end of G days
rhan did Cn. 29,
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TarLe B.—Changes in Briz, appnrent sucrose, apparent purily, acidity, and pH
value, and the devclopment of gum in lop, wmiddle, and bottom third sections of
samples of cane sto-ed al refalive huoiditics representing approximetely the same
saturation deficit at 50° and S6° I, (837

, 1
Teniperature of 30° Foand relative - Temperatum of 80° F. and relniive
humidily of ¢4 pereent hustickiey af 80 pereent

3
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1
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L Eaperiment X, 4, table 2,

I Igice samples would not flter agd were not analyzed for suerase,
1 Analyzed by weliding aleahid,

' Barely workable,

The juice of the top and middie sections of Co, 281 stored at 50° F.
would not filter and there was a greater increase tn acidity than in the
same sections of Co, 208, However, these dilferences may not hiave
much significance beesuse the juice from the top section of Co. 200
would not filtey and the middle section was bharely filtrable. The
inerease in acldity and decrense in pE vahie were decidedly greater in
all sections of both varvieties al 80° than at 30° F. The changes in
acidity and pH value as rvelnted to the Jdifferent temperatures are
represented in figures 2 and 3, in which inerease in acidity and decrease
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= — =

IN ACIDITY (GC)

iNCREASE

DEGREASE IN pH VALUE

Q0
S0 &0 70 80

TEMPERATYRE {'F)

F1eorE 2—Increase in acidity (execess acidity) and deerease in pH value at storage
temperatures of 50°, 62°, 71°, and 80° F. in different parts of the cane stalk
(Co. 281 plant cane) apparently killed by the freezing temperatures of 26° and
24° of Drecember 6 and 7, 1937. “The samples of injured cane were stored without
stripping and stripped and sectioned into three equal lengths after 6 and 12
days’ storage, and the acidity and pH value of the sections determined. The
initial determinations were made on similar sections at the beginning of stornge.
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Movne 3.—Increase in neidity {cxcess ncidity) and deercase in pH value at
storage temperatures of 50°, 62°, 71°, and 80° F. in different parts of the canc
stalk (Co. 200 plant eanc) apparently killed by the freezing temporatures of
26° and 24° of December 8 and 7, 1937, The samples of injured eanc were
stored without sbripping and stripped and seelioned into three cqual tenpgths
after § and 12 days' storege, aned the acidity and pH value of the sections de-
termined. The initial determinations were made oo similar sections at the
beginning of storage.
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in pH value for the various sections are plotted against temperatures
for 6 and 12 days. At the end of 6 days the decrease in pH value and
increase in acidity were greafer with the vise in temperntures.  As the
duration of storage increased to 12 days, there was a slowing up of the
change at temperaturcs of 70° and 80° ¥., except for the acidity in
the bottom sections of both varieties. It would seem that with the
lapse of time thesc reactions tend to come to some sort of an cqui-
librium at the two higher temperaturcs.

It is possible that there may have been a retardation of acid forma-
tion at the higher temperatures because of an inhibition of the nc-
tivities of the acid forming micro-organism, or micro-organisms, as
the concentration of acid increased or there may have been a consump-
tion of acid by respiration as the {ermentation advanced. It would
be of interest to find out whether the rate of acid formation is retarded
a$ the two lower temperatures with an increase in the period of storage.
The difference in the changes between 50° and 60° F. sometimes tends
to be exaggerated by the continuation of storage. Even at 50° F.
the rate of change in acidity and pH was rather rapid, especially int
the upper two-thirds of the stalk,

Judging by the weather reemrds lor southern and southwestern
sections of Louisiana, the prospects of having average temperatures
below 50° F., following a freeze in November and December, except
for short periods, is not to be expected. Consequently, a sufficient
retardation of deleterious changes in the windrow in cane so badly
damaged to justify the expense of vwindrowing cannot be expected.

WORK DONE DURING SEASON OF 1938-39

WEATHER CONDITIONS

The ranges of minimumn temperatures for the Sugar Belt, as repre-
sented by the records of the United States Weather Bureau stations
mentioned in footnote 6, p. 9 (Belle Chasse excepted ) for the days
on which freezing temperatures oceurrcd during November and
December 1938 (201, were as follows: November 9, 20° to 38°;
November 10, 29° to 37°; November 25, 23° to 31°; November 26,
282 to 41°; November 27, 24° to 32°; November 28, 20° to 29°;
November 29, 22° to 28°; November 30, 24° to 31°; Decemnber 6,
29° to 38°; December 10, 29° to 38°: December 15, 29° to 35°;
December 15, 25° to 33°; December 17, 30° to 39°; December 19,
26° to 337; and December 28, 27° to 34° F.

The records of the maximum and minimum temperatures, condition
of the sky as to cloudiness, cte., and precipitation at Houma, La.,
covering the period during which the windrowing experiments were
conducted are recorded in lable 9. The temperature trends following
windrowing indicate slightly higher temperatures than immediately
following windrowing during 1937--38.

The precipitation was low in most places in the Sugar Belt during
both November and December.

¥ The minimuam temperatores at Belle Chasse, La,, olthough fuctuating considerahly, were geocenlly
wmuch lower, particularly in Decemnber, than gt the other statlons, On November 0, 10, 25, 21, 47, 28, 24,
and 30 the minimum temperatnees al Helle Chasse woepe 357, 2067, 28°, 379, 30%, 355, 1A%, nodd (B2 K., respoe-

tively, and on December 6, 10, 13,16, 17, 1, and 28 they were 239, 28% 365, 21° 25° 25% and 220 F, Tt would
seem that to include the renges would be less representative of the Sugar Belt than to exclude them.
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TaBLE 9.—Weatker records at Houma, La., during the periods in which experiments
were conducled in the harvesting season of 1935-38

3
&
2
2
|3
3

Temperatura

Afaximum
Menn
Ralnfall
Muxlmum
Minimun
Aean

a
|
-]
=

b
Em
Brai.g

bt pEEZEn
Dot St Ot S ot dn

m
B3

Pooladoo_ Ly
E Partly cloudy. _| 7 B .
do... ... ' Clear. . .

O . Portly cloudy.
Clondy_.......

coodoe ool
Partly cloudy, .
Cloudy 5

FEUYTRRSAE

.. .do :
Parily clowdy . . 62
Dec. do........;

Tots! or {6.37 |\ ooeel ...,
average. ! !

QQ?J:—'QQQECCCQQ’ coonoo

Sesebiri

o
=

|

3
<

C, S000DO0SG, CoOoCoCRSTOTET S
O DO NI DL O Ch s 3 En O B SN E I EN I T B R i I e

SRR PR RN N RS

Conpition 0F CANE BEForRE WINDROWING

The cane of all varieties generally attained a higher degree of ma-
turity, as measured by its sucrose content, than during 1937-38. In
some localities the process of maturing undoubtedly was interrupted
by the freezing temperatures of November 9 and 10.

INJurY TO CaANE

Although most, if not all, of the su(?a-rcanc produced in the Lguisinna
*

Sugar Belt during 1938 was milled, there was considerable loss of
sucrose in consequence of the injury resuiting from freezing tem-
peratures.

Some loss of sucrosc resulted from the freczing temperatures of
November 9 and 10, particularly in some localities, and, judging by
the amount of leaf injury, it would seem that there could have heen no
further maturing of the cane. In some instances the terminal buds
were killed and growth of lateral buds occurred, and in one instance
factory difficulties were reported in connection with relatively imma-
turc cane showing such injury. In conncetion with cane used in
Ei(l ctll'iments discussed in this bulletin only an oceasional bud was

ed.

As 2 result of the freezing temperatures of November 25 to 30 and
those occurting in December, the damage was sufficiently severe to
require lower topping. Considerabic losses may have been experienced
through loss of sucrosc because of fermentation, as will be indicated in
connection with data to be discussed, page 32.




30 TECHXNICAL BULLETIN 736, U. S. DEPT. OF AGRICULTURE

The injury to the cane used in the windrowing and storage experi-
ments will be discussed in connection with the consideration of the
plan of the experiments and the treatment of the data.

WivprowIinG EXPERIMENTS

The windrowing experiments were designed to study the effect of
different degrees of freezing injury on inversion of sucrose, changes in
acidity and pH, and the development of other fermentative changes
affecting the loss or recovery of sucrose in plant cane of the varieties
Co. 281 and Co. 290.

The cane of each variety was selected before the experiments began
at locations in black land, where severe and moderate freezing might
be expected. It would have been desirable to have had the two varie-
ties side by side at the same locations, but such adjacent plots of the
size desired were not available. Therefore, four locations, two of each
variety, were selected. Unfortunately, there was insufficient Co. 280
at the one location to complete the series of tests conducted at the
other locations. Otherwise, the series of experiments at each location
were similar,

Minimum thermometers were installed at each location, and daily
minimum temperatures were recorded, starting a few days before the
time of windrowing, until December 18.

In anticipation of freezing temperatures the morning of November
25, six rows of cane 80 feet ﬁ)ng were windrowed at each location dur-
ing the afternoon of November 24 (lot No. 1). Severe freezing temper-
atures occwrred on the mornings of November 23, 28, 29, and 30. A
lot of six Tows 80 feet long of each variety was windrowed November
25 at each location (lot No. 2) and a lot of four rows 80 fect long on each
of the following dates: November 29 (lot No. 3), November 30 (lot
No. 4), and December 1 (lot No. 5), respectively, at the two locations
in the case of Co. 281 and at one locrtion in the case of Co. 290, Two
rows of Co. 200 at the other location were windrowed December 1
{lot No. 5). To avoid excessive injury to the successive lots that might
oceur at the edge of the cuts in the standing cance immediately adja-
cent to the windrewed cane, two rows of eane were left standing on
each side of the windrowed cane of each lot and 20 feet of standing
cane where the successive lots were along the same rows.

The freezing temperatures at the different locations and the degree
of injury to the eyes in the various lots, excepting lot No. 1, are given
in table 10, The injury to lot No. 1 was largely limited to slight
gamage to leaves and an occasional injury or killing of the terminal

uds.

The data in table 10 indicate that lots No. 3, No. 4, and No. 5 of
each variety at each location were more severely injured than any of
the cane windrowed following the first series of freezing temnperatures
during the season of 193738 and less severely than cane windrowed
after the second freeze. However, the germination data (table 11)
obtained in connection with untopped cane stored for about 2 weeks
at 80° F. and a relative humidity of about 87 percent indicate about
equal or a slightly higher percentage of viable eyes in Co. 281, lot
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No. 3 (about equal), Crescent Farm, and in Co. 281, lot No. 3 (slightly
higher) and lot No. 4 (about equal), Southdown Plantation, than in
Co.1281 windrowed at Ardoyne Plantation in 1937 (experiment No. 3,
table 3),

TabLE 10.—Injury to iwe varieties of sugarcane at certain locations as indicated by
the amound of damage done io the eyes (lateral buds) by Jreezing lemperatures of
November 25 (windrowed, lot 2), Novewmber 25 and 28 (windrowed, lot 3, November
25, 28, and 29 (windrowed, Iot 3}, and Norember 25-30, inelusive (windrowed,
lot 5), and standing cane. ' 1038
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- TaBLE 11.—Germination and rooling in two varieties of sugarcane injured by freezing
temperatures gccurring from November 25-30, 1938, when stored al 80° F. and al
about 87 pereent relative humidily

CO. 231, CRESCENT FARM PLANTATION

1 Stalks E
Btalks Fe2 | stalks | Root
. : ! showing | germi- g
Lot NoJd | exam- 3 ; showing | bands )
inmi gm;:ir;inna ?3::'5‘; rooting | rooting Remarks
Numher | Number | Number | Numher | Number
201 3 5 3 3 | 3of the eves germinating were on 1 stalk,
= ! o! o o € i 1 e¥a apperently was sound but did oot
' ! germinate.,
20 [N ] 1 1} Nodoe was cut off at the ground level.
CO. 231, SOUTHRDOWN PLANTATION
3..- pct] g . 13 2z 2
[ S, =0 5 5 1] 11 | 1 meddditionnd eye spparently soum! b
not germinating.
[ T = 2! 2 1 13
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- [ e e ey e
0 3 i 3 7 G .
24 - i 1 a: 3 . 1 sddittonal o¥e swollen.
26 - 04 o- i 4

1| These lots correspond to those given in table 6. The samples were selected at the same time for exam-
inatlon of injury and for storsge.

The severity of freezing injury was greater in Co. 281 located at
Crescent Farm (table 10) than in that located at Southdown Planta-
tion and in Co. 290 at Hollywood Plantation than in that at South-
down. The difference was greater at the two locations in the case of
Co. 281 than in Co. 290, as might be expected from the minimum tem-
perature records. The behavior of the cane at the different. locations
m the case of both varieties was similar, except that chemical and
fermentive changes attributable to freezing injury were more marked in
cane with the greater injury. Only the data relating to Ce. 281 at
Oresutlziznt. Farm and Co. 290 at Hollywood Plantation will be reported
in full.

The data indicate (teble 12) little or no abnormal or fermentive
chenges in lots No. 1 and No. 2 of either variety. There was » slight
drop in purity in Co. 281 and =« considersbly greater drop in Co. 290.
Concomitant with the drop in purity there was the normal incresse in
Brix as a result of & loss in moisture. In lots No. 3, No. 4, and No. 5
and in standing cene a high level of purity wes maintained until durin
the period before the last analysis when there was a slight drop in all
ceses except Co. 281, lot No. 3.  Although there was an initial in-
crease in Brix (table 12 and fig. 4) in lot No. 3 of both varieties, it
tended to decline until the last analysis, when there was a loss in
Brix in both varieties. There was a marked decline in Brix in lots
No. 4 and No. 5 and in standing cane of both varieties beginning with
the first ansalysis. The decline was greater in lot No. 5 than in lot
No. 4 and greater in stending cane than in lot No. 5.
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TabLe 12.—Relation of the degree of freezing injury in cone of varieties Co. 281 and
Co. 290 to changes in Briz, sucrase, acidity, and pH value when stending and when
in the windrow, 1938
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In comparing the various curves in figure 4, which were based on
data contained in table 12, the time factor, as well as the difference
in exposure of the cane to drying, should be considered. There must
have been some decrease in Brix in lot Neo. 5, and probably in lot
No. 4, in the interval between November 25, the day standing cane
was first analyzed, and the dates of windrowing of lots No., 4 and
No. 5, as indicated by the decrease in Brix in standing cane during
that interval. To the apparent decrease in Brix in lots No. 3, No, 4,
and No. 5 should be added the undetermined effects on Brix of
drving in the windrow, which was not a fnctor in standing cane, at
least to the same degree,

The Brix values in standm" eane in lots No. 4 and No. 5 and in the
Inter stages of the experiment in lot No. 3 are probably a little low
as the result of the presence of a small quantity of ethyl aleohol (6) in
the juice, which was disecovered in connection with some of the later
analyses. However, there was considerable loss of solids, ns indicated
by the loss of sucrose. These data indicate that the decrease in Brix
or loss of selids in the badly frozen cane was paralleled by u similar
loss of sucrose. The decrease in Brix, however. is normally a more
accurate measure of the loss of solids than the loss of sucrose, because
the suerose content is more variable than the Brix. The maintenance
of n high level of purity in lots No. 3. No. 4, and No. 5 and in standing
cane throughout most of the periods of the experiment would seem
to have resulted largely from the consumption of invert sugars by the
fermentive processes going on and the effect of the nleohol on the Bn\

The development of excess acidity in lots No. 4 and No. 5 and in
standing cane was slow (table 13) until the last interval between
analyses, when it became more marked.  The excess a(‘ldlt? lemnined
small in lot No. 3 and did not develop in lots No. 1 and No. The
acidity values obtained by the usnal methods were erratic, due, it
was found, to the presence of carbon dioxide in the juiees in varying
and abnormal proportions. More accurate values were obtained b}
employing the distillation method; that is, by bailing the distillate
anl titrating it while hot (7).

TarLe [3—Development of excess acidity | in the staniding cane and 1n the differeni
tats of windrowed cane considered in table 12, 1938
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{degrees) in windrowed and
standing eane injured by
freezing temperatures: A4,
Lot No. 1, windrowed No-
vember 24, following slight
injury resulting from freez-
ing temperatures of No-
vember 9 and 10, 1938; B
to E, lots No. 2 (8), No.
3 (), No. 4 {In, and No.
& {E) windrowed on suc-
cessive  dates following
freezing temperatures of
November 23, 28, 20, and
30. The freezing tempera-
tures to which the ecane
was gxposed on these dates
were for Co. 281 (Crescent
Farm Plantation), 21.5°,
20.0°, 20.6°, and 22.3° ¥,
and for Co, 290 (Hollywood
Plantation), 24.6°, 21.8°,
22.0°, and 23.1° F., re-
spectively. Stauding cane
(£} was exposed to all these
temperatutes ard those
following these dates until
the final analysis was made,
{See table 8.) The injuries
suffered by the different
lots are given in table 10,




36 TECHXICAL BULLETIN 738, U. 8. DEPL. OF AGRICULLURE

Until the last set of analyses of lots No. 3, No. 4, and No. 5 and of
standing cane little or no diffieulty was experienced in filtering and
-clarifying the juices for polarization readings. Even then that
difficulty was limited to juice of the top third of the stalk.

The presence of alcohol (6) and abnormal quantities of carbon
dioxide in juices of badly frozen cane during the season of 1938-39
suggests the dominance of a different type of fermentation other than
that which prevailed during 1937-38.  Concomitant with the forma-
tion of these substances there was a destruction of sugars, including
sucrose, in windrowed cane that showed little development of excess
acidity or formation of gum,

This same type of fermentation may have occured in the badly
dameaged cane (varieties Co. 281, P. . J. 36-M, P. O. J. 213. and
(. P. 807) windrowed by Rands, MeKaig. and Bisland (13) in 1929,
for there was a decrease in Brix from the start in all four varietics.

The data confirm previous results (10) in showing that cane injured
by freezing temperatures, but having some sound eves, will keep for
3 to 6 or more weeks in the windrow without serious development of
exress geidity or of gum. The chances for the occurrence of these
changes tended te increase and the time required for their development
tended to shorten as the degree of injury increased. Fermentation
was not obvious at all in lots No. 1 and No. 2. The development of
excess acidity was more rapid in standing cane than in ot No. 5 in
the case of Co. 290. but in the case of Co. 281 the difference was less
obvious. Standing canc of both varieties showed slightly more
marked development of gum than windrowed lot No. 5, due to
greater degree of deterioration in the top thicd of the standing cane.

The greatest protection against deleterious chianges resulting from
freezing injury was obtained in ronnection with windrowed lots
No. 1 and No. 2 of both varietics. As it is not possible to govern
the amount of injury or to predict with certainty the degree of injury
an anticipated frecze may occasion, it is safer to windrow unfrozen
eane.

Protection hy windrowing beenme less and less as the degree of
injury increased (table 12 and fig. 4, lots No. 3. No. 4, and No. 3).
The deleterious effects of freezing appeared to be slightly less in lot
No. 5 than in standing cane. Had the series of freczing temperatures
of November 25 to 30, inclusive, been followed by severe freezes in
December. the protection afforded by windrowing undoubtedly would
have been more evident.

There appears to be little difference in the loss of sucrose 9 in lots
No. 1 and No. 2 in both varieties. The loss of sucrose tends to
increase in lots No. 3, No. 4, and No. 5 and in standing cane. The
loss is obviously more in lots No. 3, No. 4, and No. 5 and in standing
cane than in lots No. 1 and No. 2 of Co. 281, as well as of Co. 290,
with the possible exception of lot No. 3. Although there is a grenter
drop in purity in lote No. 1 and No. 2 of Co. 290 than in the remaining
lots and in standing cane, it is believed that it is more than offset by
the loss indicated by the decrease in Brix and sucrose. As shown by
the difference in the drop in purity between Co. 281 (lots No. 1 and
No. 2} and Co. 290 (lots No. 1 and No. 2} the behavior was quite

1t T4 is not possible 4t present Lo caleulate sccurately the loss of sucrose In windrowed cane becanse of the

undeterminable loss of moisture in cane while in the windrow. The chanpes in Brix, sucrose, and purity
are fni{rly aceurate measnres of the comparative Insses of sucrose.
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normal for unirozen or moderately injured cane of these varieties in
the windrow. The losses of solids in the two varieties appear to
be similar in lots No. 3, No. 4, and No. 5 but slightly greater in
standing cane of Co. 281 than of Co. 290. The greater injury to
Co. 281 as compared with Co. 290 may account for these results.
The better behavior of these two varieties in the Southdown tests
than at Crescent Farm and Hollywood was also apparently due to
the smaller degree of damage suffered by that cane (table 10).

The losses experienced in connection with these lots (No. 3, No. 4,
and No. 3) of both varieties at all locations were such as commend
windrowing if possible before stuch injury is incurred,

STORAGE FXPERIMENTS

The very rapid development of excess acidity and its apparent
relation to the formation of gum in cane in which all the eyes were
killed in contrast to the absence of excess acidity in cane showing
only about 60 percent of the eyes killed when stored at different
temperatures during the season of 1937-38 (tables 5, 8, and 7. and
figs. 2 and 3) suggested that by storing at high temperatures it might be
possible to determine promptly when cane has reached a critical con.
dition of injury and is ne longer fit for windrowing. Experiments
designed to vield information on this question were. therefore, initi-
ated during 1938-39.

Unstripped samples of Co. 281 from Crescent Farm and Co. 290
from Hollywood Plantation were seleeted from eane adjncent to lots
No. 2, No. 3. No. 4, and No. 5 at the time these lots were windrowed
and stored at a temperature of 80° F. Excess acidity determina-
tions by the distillation methnd were made at frequent intervals,
The presence of carhon dioxide in the juices of badly frozen cane
prevented accurate determinations in the early trials.” In the later
determinations the earbon clioxide was driven off by boiling the dis-
tillate before titrating (7). Only the latter determinations will be
presented. No excess acidity developed in lot No. 2 of either variety
m 20 days.

After 17 days the excess acidity for lot No. 3 of Co. 281 was 0.35
ve. and for lot No. 3 of Co. 290. 02 ce; after 16 days it was 0.8 ce, for
lot No. 4 of Co. 281 and 0.5 ce. for Iot No. 4 of ('o. 290. There was
0.2 ce. excess acidity in lot No. 5 of Co. 251 and 0.25 ce. of lot No. 5 of
Co. 290 after 6 days, and 0.8 cc. and 0.70 ce., respectively, after 14
iinys.

%t will be seen that the rate of development of excess acidity was
relatively slow for a temperature of 80° F. [t is evident from thege
results, as well as by the data dealing with eve injury, that none of
these lots of cane were damaged as severely as the windrowed cane
after the sccond freeze of the season of 1937-38. Furthermore, the
better keeping qualities of the cane of the past season in the field was
associated with the lighter degree of injury rather than weather con-
ditions following the freeze.

s
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DISCUSSION AND CONCLUSIONS

The essential characteristics of a good windrowing cane, such ss
resistance to inversion of sucrose, straightness of stalle, ete., are as
important in connection with windrowing cane injured by freezing
temperatures as with unfrozen cane. In the absence of such cherac-
teristies, aside from thiose associated with freezing injury, heavy losses
of sucrose may be expected in the windrowed cane. In the presence
of such charaeteristics the primary purpose of windrowing sugarcane
is to protect it against freezing injury. It is only when cane has
become so injured that it ne longer resists the attacks by fermenting
and gum-forming organisms (2, 3, 8, 12, 18, 21) that windrowing ceases
to involve the element of protection against future freezes and be-
comes merely & provision for possibly retarding these reactions. The
degree of retardation of fermentation in the windrow is actually too
slight to justify windrowing. except as a protection against more
severe subsequent freezing. In the absence of freesing temperatures,
freezing injury, or injury severe enough to cause fermentution, there
is little object to windrowing, although there may be some loss of
sucrose resulting from sprouting in standing cane, in which the ter-
minal buds are killed, if such mjury is fellowed by warm weather,
Windrowing probably involves losses of sucrese through inversion
and certainly involves losses of sugars through respiration. Even
when many of the eves are killed the data indicate that standing cane
usually keeps as well as windrowed cane, provided that there are
no later freezes. The difficulty arises from the fact that later {reezes
can be expected, especially following early freezing temperatures, and
the severity of such freezes tends to become greater with the advance
of the season. Because windrowing is largely @ provision of protec-
tion agninst freezing injury, the mos{ effective protection is afforded
by the windrowing of unfrozen cane, which also removes the element
of uncertainty as to the degree of injury associnted with any freeze.
To windrow unfrozen cane is not always advantageous eor possible
{at least when it should be done), consequently the feasibility of
windrowing cane that has already been injured becomes & practical
consiceration. This is especialiy true during seasons such as those of
1937-38 and 1938-39. particularly the former season when the first
damaging low temperatures came early when most of the crop (I6)
was still in the field.

Aside from impairing or destroying the photosynthetic mechanism,
thus retarding or stopping sucrose formation, the problems asso-
ciatedd with cane injured by freezing temperatures arise from the
invasion and aetivities of micro-organisms (2, 3, 6, 12, 13, 21}. These
activities may result in the loss of sucrose, the development of excess
acidity, decrease in pH value, and formation of carbon dioxide, alco-
hols, gums, etc. Although the loss of sucrose is always of serious
consideration, it is the formation of gum that is most dreaded by the
planter and factory manager. Gum interferes with, and sometimes
prevents, the clarification and recovery of the sucrose that is in the
cane.

Because of the serious consequences of the congestion of gum in the
factory, it is important to be able to detect its presence in the cane
before it is prepared for the mill, in order that the cane muy be prop-
erly topped or withheld for milling. Results obtained c{uring the
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season of 1937-38 (5) and 1938-39 (7) indicate & relationship between
the development of excess acidity and gum formation. If these
results are confirmed, the determination of excess acidity could be
used as an index to gum formation.

A simple method (4, 6) of determining excess acidity has been
developed. The method of determining gum formation is more
laborious and time consuming. It is believed, however, that filtrabil-
ity and turbidity of the juice are indications of gum formation and
measure, to some degree, the workability of the juice in the laboratory,
especially when such signs are used in connection with analysis of
the different parts of the cane stalk.

The injury to erect cane in the field by freezing temperatures is at
first evident at the tips of the leaves and in the spindle and tends to
move down the plant as the degree of cold becomes greater. The
lower part of the stalk and the lower eves nre the last to be injured and
killed, thus the number of eyes that remain sound becomes an indicn-
tion of the dlegree of injury s0 long as all the eyves are not killed. When
all the eves are killed there are no symptoins, recognizable at present,
by which the degree of injury may be accurately meusured,

The leaves of a good stand of erect cane form & continuous canopy
over the entire field and tend to insulnte the lower part of the plant
from the cold arr.  In lodged cane the continuity of this leaf layer is
broken, leaving mats of cane and open spaces that give rise to a
greater varlation in exposure and probable injury.

Windrowed cane may be injured nnder severe freezing corulitions,
If the cane is straight, the mjury is likely to be limited to the upper
nternodes, some of which have no commerein value because of their
very low sucrose content. When the cane is crooked, greater and
more varied damage may he expected, and it may frequently extend
to the lower portion of the stalk, which is often exposed.

The data thus far aceumulated (70) indicate that so lorg as any
of the eyes remain sound, cane of varieties Co. 281 and Co. 290
injured by freezing temperatures will keep in the windrow from 3 to 6
weeks under the usual weather conditions in Louisiana nfter November
20 without serious development of excess acidity and gum. The
chances for the development of these abnormalities bocomes less and
less as the percentage of sound eyes n pproaches 100 or, in other words,
increnses as the killing of the “tissue moves down the stalk. The
necessity for topping buck becomes greater as the zoro point of sound
eves is neared.  The invasion of the gum-forming organism. Leuco-
nrostoc mesentervides (Cienk.) V. Tiegh, (/2) apparently oceurs only in
dead tissue. When the stalk is completely dead. invasion and
reproduction may be prompt and rapid.

Near or at the zero point of sound eves, i. e., when none or only
the basal or an oceasional basal eve remains sound, there may be a
destruction of solids at the expense of sucrose. In cane so injured,
and windrowed during the season of 1938~39, the Brix decrensed in
spite of the loss of moisture in the windrow. This condition wis
found in connection with & fermentation in which enrbon dioxide and
ethyl aleohol were formed (). The dats of Ramds, McKaig, and
Bisland (13) show a similar decrease in Brix in cane of four varicties
(Co. 281, C. P. 807, P. 0. J. 36-M, and P. O. J. 213) windrowed aftor
all the eyes were killed.
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The behavior of cane in which all the eyes were killed has differed.
Such cane windrowed by Rands, MeRnig, and Bisland (13} in 1829
kept fuirly well for 6 weeks, This was especially true of Co. 281. In
experiments reported here, Co. 281 and especially Co. 290 windrowed
in 1934 showed gum formation in 13 days; Co. 281 windrowed in 1935,
in which all the eyes were injured or killed, showed no abnormal
changes after 16 days in the windrow; Co. 281 and Co. 290 windrowed
in 1937 showed gum formation and marked changes in aeidity and in
pH value in 9 days. The weather following windrowing in these
instances does not account for the difference in heliavior. There was
listle difference in the precipitation in the experiment conducted
during 1929 and 1837. The temperature was higher snd the high
temperature more protonged immediately following windrowing m
1929 (fig. 1) than in 1937, showing that the difference in hehavior of
the cane in the two seasons was due to the condition of the cane rather
than to the temperature following windrowing. 1t is quite possible
that the worse condition of the cane windrowed in 1937 was due to it
havine been subjected to at lenst five nights of freesing temperatures,
and on the night of Decenmber 6 and morning of December 7 the
temperature remained below 30° F. for more than 9 hours, whereas
tn 1929 the cane was subjected to one slight frecze {20° F., November
30) and one night of severe freezing (24° ., December 3).  The cane
used In 1929 was windrowed before the second night of cold tempera-
ture {Decomber 4). 1t should be kept in mind, however, that the
successive freezes that oceurred in 1937 did not result in as severe
damage to all cone as it did to cane used in the experiments discussed
here, [n many sections the grinding of standing cane eontinued until
in January.

In Co. 281 and Co. 290 withoul any sound eyes, or a small per-
centage of sound eves, windrowed during the season of 1638-39, the
development of excess acidity was very slow.

Cane (Co. 281 and Co. 290, season of 1937~38) with 38 and 37
percent sound eves when stored at temperatures from 50° to 80° F.
showed ne ahnormal changes during 2 weeks’ storage; nor did n high
humidity at 62° bring about abnormal elinnges. What the result
would have been hiad there been more moisture present cannot be said.
[t does not necessarily follow that if storage were continued bevond 2
weeks at Lhiese conditions the effeet of temperature and moisture
would have remaines| the same. [t dooes show, hiowever, that such
cane exhibits considernhie resistunce to the Invasion of fermenting
and gum-forming organisms.

The storing of cane (Co, 281 and (o, 290} after all the eves were
killed uring the season of 1937 -38 temperature had a marked effect
on the development of excess acidity, decrease in pH values, and
apparently on gum formation.  After 6 doys’ storage at temperatures
of 50°,.82°, 71°, and 8§0° F., only juice of samples stored at 50° was
workable. Even at this temperature Juice from two out of three
samples of C'o. 281 was not workable.  All samples of both varieties
stored at 50° F. were affected, as shown by the fact that juice from
the top twe-thirds of the stalks was not workable, or barcly werkable.
There was an increase in achlity and a decrease in pH value with the
risc in temperature,  ‘This relationship was also exhibited by samples
sectioned into thirds. the changes at all temperatures being greatest
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in the top, next in the middie, and least in the bottom third of the
canc stalk.

The rate of development of excess acidity and of gunm formation
in eane (Co. 281 and Co. 280) showing from @ to 0.6 percent sound
eyes when stored at a temperature of 80° . during the season of 1938~
30 was relatively slow (¥). On the basis of these results and those
obtained during the season of 193738, it may be possible by storing
canc thought to have reached a eritical condition of injury at a rela-
tively high temperature and humidity to determine in a relatively
short period whether or not it will be profitable to windrow such cane,

In cane of all degrees of injury (table 4) in which deterioration
had begun the changes in acidity and in pH value are more marked
in the upper third of the cane stall, and apparently begins there.
In cane in which all, or nearly all, the eyes were killed gum formation
began in the upper part of the stalk and advanced toward the bottom
part of it. In windrowed Co. 200 that showed 11.9 and 20 percent
sound cyces there was little change In acidity and in pH value in the
bottom two-thirds of the stalk. There has been a growing conviction
in the authors’ minds that the advance of these changes is very defin-
itely limited by sound tissue, and that advance in such tissues takes
place enly after further impairment of their vitality, cither resulting
from long periods in the windrow, in storage, or by further freezing
injury. Further proof, however, is required hefore this conclusion
can be fully justified.

The question as to how inversion of sucrese in cane injured by
freezing temperatures differs from that in unfrozen eane when in the
windrow, is of considerable importance. This question cannot be
completely answered at the present time. The behavior of cane
showing as many as from aboui 60 to 85 percent of the eyes killed
was similar to that in sound cane, i. e., there apparently was a normal
increase in Brix due to loss of moisture and there was the usual
difference in the rate of inversion as measured by the drop in purity
between Co. 281 and Co. 290.

There is o suggestion in some of the data that a certain degree of
injury may inhibit inversion of sucrose. For example, during the
season of 1837-38 (table 3) there was o greater drop in purity in one
lot of Co. 281 with 80 percent of cycs killed than in one lot with 98.3
percens, and in one lot of Co. 290 with 63 percent of the eyes killed
than in one lot with 88.1 percent. However, the cane in these in-
stances came from different locations, and some other factor, such as
destruction of reducing sugars by alcoholic fermentation, may have
exercised an influence on the net results,

An examination of the data in table 12 relating to Co. 200 will reveal
that in windrowed canc with 24.6 percent sound eyes and in cane with
nearly all the eyes sound (lots No. 1 and No. 2) there was an increase
in Brix and a drop in purity of about 7 points, whereas in windrowed
cane with 0.2 to (.4 percent sound cyes (lots No. 3, No. 4, and No, 5)
there was little drop in purity until the last period (corresponding
to the beginning of gum formation), when there was a slight drop
in purity, Coincident with this maintenance of high purity there was
a decline in Brix in spite of the loss of moisture, indicating that the
high purity may have becn influenced by the consumption of invert
sugars. The presence of alcohol in the juice of these lots, as previously
indicated, would have had the cffect of giving an exaggerated low Brix
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reading and a high purity. However, this effect is insuffieient to
account for the marked decline in Brix. The response of Co. 281
was similar to that of Co. 290, except that lots No. 1 and No. 2
showed little drop in purity. It will be seen that the small drop
in purity in lots No. 8, No. 4, and No. & of both varietles Is not &
measure of the loss in suerose, which wus actually considerable as
indicated by the drop in Brix and suerose. This heavy loss of sucrose
occurred in spite of the slow development of excess acidity and gum.
Judging by the difference in the drop in purity in lots No. 3, No. 4,
and No. 5, as compared with lots No. 1 and No, 2 in the two varicties
(table 12), it would appear that inversion was altered more in Co, 290
then in Co. 281. However, this greater alteration was partially,
if not entirely, compensated by a greater alteration in Brix in Co.
200 (fig. 4).

The consistency of the excellent behavior of Co. 281 in the windrow
as compared with Co. 2900 when moderately injured or when not
injured by freezing temperature, favors Co. 281 as & windrowing cane.
The behavior of Co. 280 when sufficiently mature justifies its consider-
ation as an emergency windrowing cane.

SUMMARY

The data presented here deal primarily with windrowing and storage
experiments of cane of varieties Co. 281 and Co. 290 injured by
freezing temperatures, and the discussion in the summary will be
limited to these varieties.

Under the influence of mild freezing conditions the regions of the
sugarcane stalk first to be injured are in the spindie and at the tips of
the leaves. As the conditions of freezing become more severe the
injury extends downward killing the terminal buds, the eyes, and the
stalk., The last of the eyes to remain sound are the lower ones.

The behavior of cane exhibiting different degrees of freezing injury
when stored at different temperatures and relative humidities and
when windrowed was similar in respeet to the occurrence or nonoc-
currence of fermentive changes. Cane that showed no such changes
in the windrow also showed none when stored at the different temper-
atures and relative humidities, whereas badly damaged cane showed
fermentive changes under both sets of conditions.

The first signs of change in acidity, pH value, and gum formation
were found in the upper part of @3 sugareane stalk. In caneseverely
injured these changes were greatest in the top third, next in the middle
third, and lesst in the bottom third of the stalk after a period of time
in the windrow ot in storage.

The data reported indicate that so long as any cyes are sound at the
time of windrowing, cane varieties Co. 281 and Co. 290 will windrow
from 3 to 6 weeks under the usual weather conditions during the
harvesting season in Louisiana without serious incresse in acidity,
decrease m pH value, and gum formation.

It has been found that in cane in which all the eyes, or all the eyes
except an occasional basal eye, have been Killed before windrowing,
there may be & heavy consumption of solids at the expense of sucrose,
although the development of execss acidity and gum is slow. During
the season of 193839 this heavy consumption of sucrose was associated
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with the fermentation involving the production of carbon dioxide
and ethyl alcohol.

When all the eyes have been killed, the behavior of ecane in the
windrow or in storage seems to depend upon a degree of injury at
present not measurable by physical symptoms. Cane showing g
lesser degree of injury may keep for a period of weeks in the windrow
without souring or gum formation, whereas cane showing a greater
degree of injury rapidly develops these changes. Weather conditions
following windrowing <o not. appear to be responsible for this difference.

It is possible that the storage of cane so injured at a high tempera-
ture (say, 80° F.) may determine promptly whether or not such eritical
condition of injury has been reached and whether sueh cane is fit
for windrowing. Cane that has been eritieally injured will deteriorate
rapidly whether standing or in the windrow.

The results relating to inversion of sucrose in frozen cane of the
varieties Co. 281 and Co. 290 justify the same grouping as employed
for unfrozen eane, Although certain lots of Co. 290 show high
resistance to inversion, others show considerable susceptibility to it.

The data justify the conclusion that it is safer and wiser, when
possible and practieal, to windrow cane before it has been injured
by freezing temperatures. They also justify the windrowing of cane
damaged by freezing temperatures in which sound eyes are found as 2
protection against further injury,
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