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SUMMARY AND CONCLUSIONS

Detericoration of quality of baled cotton stored for extended pericds in
commercial warehouses results, on the average, in substantial losses in market
valus and creates added risks for merchants and mills. Also, since changes in
samples drawn at gins or upon receipt at warehouses may not reflect changes in
the stored cotton, resampling after storage is freguent, with a corresponding
increase in cost for extra handling.

Results of a study of cotton stored for 2 years in four widely separated
geographic areas indicate that deterioration in quality of cotton grovn in
relatively dry areas can be reduced by storing it in the area of growth rather
than storing it In more humid areas. The study alsc showed that extra samples
drawn at the time bales are placed in storage will, on the average, accurately
reflect changes in grade and value of the bales for up to 6 months if the sam-
ples are stored under the same conditlions as the bales. Since a major part of
the crop generally is sold to the mill consumer within 6 months of first stor-
age, drawing extra original samples can substantially reduce the cost of re-
sampling after storage.

The study included 10 lots of cotton of 100 bales each. Five of the lots
were from Cgalifornia--two composed of standard density gin bales and three of
gin flat bales. Two of the gin flat bale lots were compressed to standard
density immediately after receipt at the warehouse. The one lot of flat cot-
ton and one each of the gin standard density and compress standard density
lots were stored in California. One each of the standard density lots were
stored in the Houston, Tex., area

Three lois were composed of gin flat bales from the Texas High Plains,
one of which was stored as flat cotton in Lubbock, Texas. The remaining two
were compressed to standard density shortly after arrival at the warehouse,
and one was stored in Lubbock and one at Houston.

Two lots were gin flat bales from the Delta area of Mississippd. One lot
was compressed to standard density upon arrival at the warehouse; both lots
were stored in the Delta area.

The market value of Texas High Plains cotton stored in Lubbock and
Houston for 2 years declined an average of $6.55 and $9.40 per bale, respec-
tively. Mississippl cotton stored in Greenwood, Miss., declined an average of
$1.05 per bale during the same 2-year period. Cotton produced in the San
Joagquin Valley of California and stored in Houston for 2 years declined in
value an average of $2.75 per bale, whereas for similar bales stored in
Bakersfield, Calif., average value increased $2 per bale.

Changes in yellowness were primarily responsible for both the positive
and negative changes in market value of bales during storage. Increases in
yellowness were sufficiently large over the 2-year perlod to adversely affect
the grade color classification and reduce the average value for several lots.
For other lots, lncreases in yellowmess were Jjust enough to make the cotton
more creamy in appearance and to improve the average grade.



Length of time in storage was closely correlated with the changes in
yellowness; as time in storage increased, yellowness increased. Storage loca=-
ticn also significantly affected the change in yellowness of stored bales of
similar origin and quality. Changes in yellowness of lots stored in Houston
were 50 to 100 percent greater than the changes which occurred in lots at the
other three locations. The degree of change also varied somewhat with the type
of bale}[bale density} and the initial grade (grade classification before
storage).

Changes in staple and fiber length, percent nonlint and manufacturing
waste, fiber and yarn strength, micronaire, neps, yarn appearance, and spinning
potential were minor and inconsistent for a majority of the 10 lots during
storage for 2 years. The declines in lightness and the increases in yellowness
of raw cotton during storage did not affect gray yarns but did reduce the
quality index for both bleached and dyed yarns.

Stored samples for all lots combined did not differ significantly from
freshly cut samples for use in evalusting cotton held in storage up to approx-
imately 6 months. After both 1 and 2 years of storage, grade was significantly
lower and yellowness significantly deeper on stored samples than on fresh
gamples. However, value differences were very small--only 10 cents per bale at
the end of the first year and only 95 cents per bale at the end of the second
year. For other major quality factors, including staple and fiber length,
fineness, fiber and yarn strength, and neps, differences between stored and
fresh samples were generally inconsistent and not significant after 2 years of
storage. '
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Changes in Quality and Valve of
Cotton Bales and Samples During Storage

by

C. Curtis Cable, Jr., Harvin R. Smith,
and Zolon M. Looney 1/

A large proportion of each year's cotton crop is stored from a few months
to more than a year before it is moved to the opening rooms of textile mills. gf
Although storage is necessary, because the bulk of the crop is harvested during
a 2- to 3-month period in the fall whereas mills operate on a year-round sched-
ule, it is generally alleged by the cotton trade that the gquality of baled
cotton deteriorates during storage. This reduction in quality results in a
loss to all segments of the cotton industry in the competitive effort to obtain
a greater share of the textile market. PFurther, the associated monetary loss
in value is a risk which must be borne directly by the owners of stored cotton.

The contention that the guality of baled cotton deteriorates during stor-
age is well supported by the findings of previous studies based on small samples
and limited quantities of cotton (15). 3/ However, in most previous research
the temperature and relative humidity of storage facilities were controlled, or
differed materially in some other respect from commercially operated warehouses
in the United States. Although results of these studies are indicative of the
effects of storage on quality, more information is needed for ewvaluating the
risks involved in the commerciasl storing of cotton bales for extended periods
of time. Changes in quality of commercially stored bales need to be more thor-
oughly examined with regard to the effects of such factors as origin of cotton,
type or density of bale, storage location, initial grade, Ef and length of time
in storage.

Closely related and equally important is the need for more information as
a basis for evaluating the possible use of stored original samples throughout

1/ Mr. Cable and Mr. Looney are agricultural economists in the Marketing
Economics Division, Economic Research Service, Tuecson, Ariz., and Stoneville,
Miss., respectively; Mr. Smith is a cotton marketing speecislist in the Cotton
Division, Agricultural Marketing Service, Washington, D. C.

gf The wolume of cotton carried over on August 1 of each year is evidence
that a large number of bales are stored for more than a year. For the last 10
years the carryover has ranged from 7.2 to 1k.5 million bales, and it has not
been less than 2.3 million bales since 1925. Econ. Res. Serv., U.S. Dept. Agr.
The Cotton Situation. Nov. 1962, p. 20.

Ef Underscored figures in parentheses refer to items in References, p. 35.

L/ Initial grade, as used throughout this report, refers to the grade
rlassification of a bale determined scon after ginning and prior to storage.



the marketing process. Ef Because of the belief that cotton deteriorates
during storage, many cotton marketing firms insist on freshly cut samples for
determining the quality and value of stored bales. As a result, many bales
are sampled three or more times before they arrive at the mill [El}.

This repeated sampling ls costly because of the labor and equipment in-
volved, the loss of the cotton removed, and the contamination of the exposed
portion of the bale. To reduce these costs, a few firms are experimenting with
the possibility of storing original samples and then using them for subseguent
merchandising purposes. Other firms, however, are skeptical of this practice
because of the possibility that changes in quality of stored bales may not par-
allel the changes in quality indicated by stored samples, especially il the
cotton has been stored for several months.

A study was initiated in the fall of 1959 to obtain basic information on
the storability of baled cotton in commerclal storage facilities, and the pos-
sibility of using original samples throughout the marketing process. The spe-
cific objectives of the study were to determine (1) the changes in grade,
staple length, and color; in fiber, processing, and dyeing properties; and in
value of baled cotton during storage; (2) the extent to which original cut sam-
ples, stored under the same conditions as bales, reflect changes in quality and
value which occur in commercially stored bales; and (3) the effects of origin
of cotton, storage location, initial grade, type of density of bale, and length
of time in commercial storage on the gquality changes in stored bales and
samples.

Beview of Previous Research

One of the most apparent effects of storage on cotton quality is the change
in color, one of three major quality factors considered in grading cotton. In
a study of the influences which the quantity and quality of certified stocks
have on spot-futures price spreads, Howell concluded that, "Although cotton is
econsidered to be relatively nonperishable, its grade dcoes change when stocks
are kept in storage for extended periocds, particularly in a warm, humid climate.
The most noticeable effect of such storage is the tendency of the yellowness of
cotton to increase" (8).

In a study dealing with problems of selecting and preserving cottons to be
used for grade standards, Nickerson reported in 1953 that the prevention of ex-
cess yellowing of cotton from the time it was selected until the boxes were
made up had been a constant problem in cotton grade standardization [13} In
another study, sets of samples of slx different varietles were prepared in
boxes similar to those used for grade standards. They were stored in 15 loca-
tions from Massachusetts to California {_l_l!_._} After 2 years of storage, change
in color was significant for only one variety, but after 5 years the change was
significant for all six cottons. Alsc, samples stored in Gulf Coast cities
changed more than those stored in El Paso, Tex., Massachusetts, and California.

5/ As used in this study, the term "original sample" refers to cut samples
drawn soon after ginning and prior to placing the bales in permanent storage.

0

e —



Another study conducted by Nickerson was based on small samples obtained
weekly throughout the season from the 1931 and 1932 crops of five cotton-
growing Stetes,; and stored at room temperature in Washington, D. C. {lg).

After 2 years of storage, yellowness of the samples had increased significantly,
the increase being greater for high grades than for low grades. After 17 years,
there was a very marked change in yellowness; however, there was no Indication
that fiber length or strength had changed significantly. Research based on du-
plicate samples of the Texas cotton included in this study was reported in 1936
by Grimes (6). The color changes of these samples, stored in a vault at College
Station, Tex., were in general agreement with color changes of samples stored
in Washington. However, there was a major difference in the change in fiber
strength between the two locations. Whereas there was no apparent change in
strength after storage in Washington for 17 years, Grimes reported strength
losses ranging from 7 to 18 percent after 1 year, and from 26 to 33 percent
after 2 years of storage in Texas (6).

Several studies of the effects of storage on quality have been made on
Indian cotton. Nayak reported in 1936 that up to 3-1/2 years of storage in the
laboratory had no effect on the length, weight, or strength of Dharwar cotton
(10). In the same year, Ahmad reported that 18 months of storage in the open
and inside a shed at Karachi had no effect on fiber length or average weight
per inch, but that there was a general discoloration of fiber {;J. Cottons
stored in the open had poorer spinning performance than those stored in sheds
for 6- 12-, and 18-month periods. In 1637, Gulati reported that damage to, and
discoloration of fibers of Broach Pale] cotton stored in Bombay resulted pri-
marily from fungi which thrived in the warm, humid atmosphere (7).

Another investigation in India was carried out "with a view to ascertain-
ing the effects produced on the lint quality when cotton is stored in a bale
form in a commercial godown at Bombay and at the place of growth of a
cotton" (9). The authors concluded that storage for more than 1-1/2 years ad-
versely affected the color of the cotton. However, the same cotton stored In
a "drier place" was affected to a lesser extent in color than that stored in
Bombay. Variety, as well as storage location, was a significant factor af-
fecting fiber strength. Waste losses were not affected after 2-1/2 years of
storage, and storage for b years did not adversely affect the quality of yarn.

A more recent U.S. study reports the preliminary results of tests to es-
tablish specificatlons of temperature and humidity for holding cotton in stor-
age to prevent or retard change in color (15). Changes in color were reported
for several sets of samples from grade standards bales stored in 1956 under 1L
conditions of temperature and humidity. On the basis of their findings the
authors recommended "that 50° F., 50% R.H. (with reasonably wide tolerances)
be specified as the conditions to be maintained for storage of standards be-
tween conferences, and that dehumidification facilities be installed to keep
the relative humidity at no more than 50% in space in which standards bales are
stored after purchase" {li}. Such specifications "should succeed in holding
color changes to a satisfactory minimum for at least 2 or 3 years" (15). Based
on some of the same sets of samples, no significant change was found in sugar
or pH during storage at 100° temperature and 90 percent humidity, and no
strength loss was found even for samples that had shown the greatest change in
sugar, pH, and yellowing (16).



Method of Study

Ten lots of cotton of 100 bales each were selected for this study at time
of ginning in the fall of 1959, and were held in storage until the fall of 1961.
Half of these 1,000 bales were selected from two gins in the San Joaquin Valley
of California, 200 bales from one gin in the Mississippi Delta, and 300 bales
from one gin in the Texas High Plains. Two hundred of the bales were gin
standard density bales selected from one California gin:; the other 800 bales
were originally packaged as gin flat bales.

In addition to origin, the type or density of bale and the storage location
of the bales were the major criteria for differentiating among the 10 lots.
Five of the original eight lots of gin flat bales were compressed to standard
density for storage. The other three lots of gin flat bales, one from each of
the three origins, and the two lots of gin standard density bales were stored
at their original densities.

The two lots of Mississippi cotton were stored in Greenwood, Miss. Two of
the three Texas lots were stored in Lubboek, Tex., and one was stored in
Houston, Tex. Two of the California lots were stored in Houston, and the other
three lots in Bakersfield, Calif. The origin, storage location, and type of
bale for each lot were as follows:

Origin Storage Location Type of Bale

Mississippl Delta Greenwood, Miss. Flat

Mississippi Delta Greenwood, Miss. Compress standard
Texas High Plains Lubboek, Tex. Flat

Texas High Plains Lubbock, Tex. Compress standard
Texas High Flains Houston, Tex. Compress standard
California, San Joagquin Houston, Tex. Compress standard
California, San Joaguin Houston, Tex. Gin standard
California, San Joaquin Bakersfield, Calif. Gin standard
California, San Joaquin Bakersfield, Calif. Compress standard
California, San Joaguin Bakersfield, Calif. Flat

To include bales of variocus gqualities in each lot, half of the bales were
selected during the early part of the gloning season and the remainder during
the latter half. To minimize quality differences among lots of the same origin,
but stored in different locations or at different densities, bales vere selected
one at a time and in succession for the lots involved. For example, as
Mississippi bales were removed from the gin press, every other bale was chosen
for the lot which was stored as gin flat bales, and the "in-between" bales, for
the lot of compressed bales. When three lots were being selected at the same
time, each successive third bale went into each of the three lots.

After compressing the 500 bales to standard density, five cut samples were
dravn from them and from the 500 bales stored elther as gin flat or gin standard
bales. One of these five samples from each bale was used to determine initial
grade, staple length, reflectance, and yellowness of bales at the beginning of
the 2-year storage period. These samples were designated as "control" or
"before storage" classification samples and were evaluated within a few days
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after they were obtained. The other four samples were packed in sample sacks
and stored with the bales in the selected storage locations.

After the bales and samples had been in storage for 3 months, a fresh sam-
ple was cut from each bale. This sample and one of the original stored samples
from each bale were submitted to appropriate classing offices of the U.S.
Department of Agriculture for grade, staple length, and color evaluations. The
same procedure was repeated after 6, 12, and 24k months of storage.

All samples were classed by the U.S5. Department of Agriculture in accord-
ance with Universal Standards. Regardless of storage location, all samples
were classed in the classing office serving the area from which the cotton
originated. In each of the three areas of origin, the same classer classified
all samples for the individual period; however, in most instances, different
classers were used for different pericds. The samples were classed at random,
and the classers were not informed that half of the samples were freshly cut
and that half were stored duplicates from the same bales.

The classification and color data based on samples cut from the bales after
3, 6, 12, and 2l months of storage were compared with similar data based on con=
trol samples, to measure the changes effected by time in storage on grade, staple
length, and color of stored bales. The data based on samples which were stored
with the bales for 3, 6, 12, and 24 months were compared with data based on cor-
responding freshly cut samples to determine the extent to which stored samples
reflect changes in grade, staple length, and color of stored bales.

Data for evaluating the effects of storage on fiber, processing, and dyeing
properties of baled cotton were based primarily on six bales randomly selected
from each of the 10 lots. Three of the bales for each lot were selected from
early-season cotton and three from late-season bales. Spinning samples were
obtained from each of these 60 bales before placing the bales in storage. A
complete fiber and spinning analysis was conducted on each sample shortly after
it was obtained, to establish the fiber and spinning properties of the bales
before they had been subjected to storage.

Similar spinning samples were obtained from the same bales after they had
been in storage for 2 years, and the same fiber and spinning tests were made.
A comparison of the "after storage" results to the data based on the "before
storage” samples provided an estimate of the effects of 2 years of storage and
various storage conditions on the fiber and spinning properties of the 60
selected bales.

Fiber and spinning tests were also made on composited samples that were
cut and classified before storage and on those cut and composited after 2 years
of storage. These data provided an additional measure of the effects of 2
years of storage on the fiber, processing, and dyeing properties of baled
cotton.

To determine the extent to which stored samples reflect changes in fiber,
processing, and dyeing propertles of stored bales, results of tests based on
composited samples stored with the bales were compared with results of similar
tests based on composited freshly cut samples.

-5-



Analyses of variance and other appropriate statistical technlgues were
used to determine the extent to which changes and differences in quality and
value were significant, and whether origin of cotton, type of density of bale,
initial grade, storage location, and time in storage significantly affected
changes in quality and value of commerclally stored bales and stored samples.

CHANGES IN QUALITY OF BALED
COTTON DURING STORAGE

The changes in grade, staple length, other guality characteristics, and
value of baled cotton during storage, and the effects of origin, storage loca-
tion, initial grade, type of bale, and length of time in storage on these
changes are analyzed in this section.

Grade and Staple Length Classification

All 200 bales originating in Mississippi were assigned White grades before
storage and also at the end of both the 3- and 6-month storage periods (table 1)
After both 1 and 2 years of storage, approximately 23 to 29 percent of these
bales were assigned Light Spotted grades.

Approximately 80 percent of the 300 Texas bales were classed as White and
20 percent as ILight Spotted at the beginning of storage. The proportion classed
as White dropped to about T5 percent after 3 months of storage, and at the end
of the 6-month storage period over 70 percent remained White.

Attheend of the first year of storage, there was a sharp decrease in the
proportion of Texas bales assigned White grades. Slightly over 50 percent of
the flat bales and about 10 percent of the bales in the two compressed lots re-
mained White. Owver TS5 percent of the bales in the latter two lots were classed
as Iight Spotted, and about 12 percent as Spotted. After 2 years of storage,
less than 2 percent of the Texas bales remained White, and between 15 and 3L
percent were classed as Spotted, Tinged, and Stained.

All California bales were classed White prior to storage, and with only a
very few exceptions, the 300 California bales stored in Bakersfield remained
White at the end of all four storage periods. Almost all of the 200 California
bales stored in Houston kept their assigned White grades up through 1 year of
storage. However, after 2 years of storage, 36 to 58 percent of these bales
were classed as Light Spotted.

In addition to grade color classifications remaining fairly constant for
all lots during the first 6 months of storage, many bales in several lots were
assigned higher grades at the end of both the 3- and 6-month storage periods.
For example, after 6 months in storage, from 15 to 26 percent of the bales in
the Texas lots were classed as Strict Middling, whereas prior to storage only
about 3 percent were Middling Plus or higher (appendix table 1h). Similarly,
the proportion of California bales stored in Bakersfield and classed Strict
Middling after 2 years of storage was considerably greater than the propertion
assigned this grade before storage.
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These changes in grade classifications resulted in statistically signifi-
cant changes in average grade wvalue per pound §f for a majorlty of the lots at
the end of each storage period (table 2). Based on the average grade differen-
tials for l-inch cotton in the 1950-61 season in the 14 spot markets designated
by the Secretary of Agriculture, the average grade wvalue for almost all lots
increased through the first & months of storage. At the end of 2 years of stor-
age, the adverse effects of lower color classificatlons were reflected by de-
clines in average grade value for 6 of the 10 lots.

For all lots combined, the average grade value had declined 0.31 cent per
pound by the end of the 2-year storage period. The grade value of Texas bales
declined an average of 1.32 cents per pound, compared with an average decline
of 0.10 cent per pound for Mississippl bales and practically no change in grade
value for California cottons.

Grade value increased an average of 0.33 cent per pound for bales stored
in Bakersfield for 2 years, whereas for bales stored in the other three locag-
tions grade values declined an average of 0.10 to 1.11 cents per pound. The
average grade value of flat bales of California cotton which were compressed to
standard density increased 0.07 cent per pound, while comparable gin standard
density bales declined 0.15 cent per pound.

The effects of length of time in storage, storage location, type of bale,
and initial grade on changes in grade (grade value) were analyzed for the 10
lots. Considered individually, these four sources of variation had significant
effects on the average grade of stored Texas cotton (appendix tables 15 and 16).
The interaction of storage location and length of time stored was also signifi-
cant for these bales, as well as for Californie gin standard bales.

Type of bale did not significantly affect the average grade of Mississlippl
cotton stored in Greenwood and California cotton stored in Bakersfield, whereas
time in storage and initial grade had significant effects on average grades of
these cottons.

After storage for 2 years, several of the bales in the Mississippld and
Texas lots were assigned shorter staple lengths than they were assigned before
storage. For example, half or more of the bales in each of the three Texas lots
were classed as 1 inch or longer before storage, bubt after 2 years of storage
only about one-fourth of the bales in each lot were assigned staple lengths of
1 inch or longer [appendix table 17). In contrast, the staple lengths assigned
to a few of the California bales were slightly longer at the end of the 2-year
storage period.

The average staple length of the Mississippi cotton was 0.1 to 0.2 of
1/32 of an inch shorter after storage for 2 years, and for the Texas lots, the
declines averaged 0.3 to 0.4 of 1/32 of an inch (table 3). Statistically,
these declines in average staple length were sighificant. From a practical
point of view, however, these declines were less than half the smallest differ-
ence, 1}32 of an inch, for which market prices are quoted and for which classers
are expected to distinguish under normal classing conditicons.

6/ As used in this study, grade value per pound indicates the effect that
grade alone had on walue, with staple length being held constant at 1 inch.
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Compared to the changes in average grade, the change in average staple
length for all lots combined after 2 years of storage was relatively minor.
However, for bales of the same origin, storage location, and type, the relative
amount of change in average staple length closely paralleled the changes in
average grade. Average staple length declined more for bales originating in
Texas than for those coming from Mississippi and California. The decline in
staple was considerably greater for bales stored in Lubbock than for bales
stored in the other three locations, and the decline was greater for compressed
bales than for flat or gin standard bales.

At the end of the first year of storage the aversge staple lengths of the
Mississippl and Texas lots were considerably below the averages before storage
and also below those at the end of the Z2-year storage period. Rather than these
differences being an effect of storage, it would appear that the classers who
evaluated these lots at the end of the first year were approximately lf}E of an
inch low in their eclassing of staple length for several bales. It would also
appear that the larger differences in average lengths for the Texas lots, as
compared with those in the California lots, may have been primarily due to the
greater difficulty of consistently classing the wide range of staple lengths
characteristic of High Plains cotton. The minor increases in the average staple
lengths of the lots of California cotton as compared with the decreases in the
Mississippi lots may also have been almost entirely due to differences in class-
ing levels among the classers rather than belng actual differences due to

storage.

Reflectance and Yellowness

Color, leaf, and preparation (the degree of smoothness or roughness and
the relative neppiness or nappiness of the ginned lint) are the major quality
factors considered in grading cotton. Theoretieally, the changes in grade
which occurred in the stored bales had to be due to changes in color, since the
actual leaf or foreign matter content and the preparation could not vary during
storage. The color of cotton is described in terms of hue, lightness |percent
reflectance Ry), and chroma (degree of yellownEss_ifHunter's +b factor/), and
all three attributes are recognized in grading cotton. "The major color dif-
ferences are those related to the change in chroma, as between the classes of
White, Spotted, Tinged, Yellow Stained, and Gray. . . The minor color differ-
ences are those that occur between grades of any single color c¢class, as between
Middling White and Strict Low Middling White, or within a single grade, as the
difference between the brightest and dullest samples of Strict Low Middling.
These minor differences are chiefly in degree of lightness; the higher grades
being lighter in color than the lower grades" (E}.

Chroms and lightness are referred to as yellowness and reflectance,
respectively. An increase in the latter indicates an improvement in grade,
but an increase in yellowness may have either a beneficial or an adverse effect
on grade, depending on the initial degree of yellowness. For example, an in-
crease in yellowness may change Middling White to Strict Middling White as a
result of a more creamy appearance in color. In other instances, an increase
in yellowness may reduce the color classification from White to Light Spotted,

or from Spotted to Tinged.

-nll-



After 3 months of storage, average reflectance (percent Rq) had increased
significantly for each of the 10 lots (table 4). For most of the lots, these
increases in lightness of color for several bales resulted in & higher grade
within the White color class. At the end of the 6-month storage period, average
reflectance for the five Mississippl and Texas lots had declined by 1.3 to 2.0
Ry units below the lot averages at the beginning of storage. For four of the
five California lots, average reflectance was greater after 6 months of storage
than at the beginning of storage, but less than thelr 3-month averages.

For a majority of the lots, some of the changes in refllectance at the 3=,
6=, and 12-month storage intervals may have been due to sampling and testing
variations rather than to time in storage. This seems evident by the fact that
after 2 years of storage the changes in average reflectance were less than they
were at the l-year interval for more than half of the lots. After 1 year of
storage, changes in reflectance were statistically significant for nine lots,
whereas after 2 years of storage, changes were significant for only six lots.

The declines in reflectance for Texas bales, after 2 years of storage,
were almost double the declines which cccurred in bales from the other two
States. However, there was a general tendency for cottons in all lots, regard-
less of origin, to become less light as time in storage increased. For
Mississippi and Texas bales, this decline in lightness became evident between
the 6- and l2-month storage periods, whereas the definite decline in lightness
of Californis cotton 4id not occur until sometime after 1 year of storage.

Without regard to the effects of other wvariables, the effeect of length of
time in storage on reflectance was statistically signiflcant (appendix tables
18 and 19). Storage location had a significant effect on the reflectance of
gin standard beles stored in Bakersfield and Houston, but was not significant
for Texas compressed bales stored in Lubbock and Houston. The interaction
of the factors of length of time stored and storage location for Texas com=
pressed bales stored in Lubbock and Houston, and for California gin standard
bales stored in Bakersfield and Houston, were significant at the 1 percent
level. This indicates that although reflectance changed significantly over a
pericd of time for a majority of the lots, the change for Houston-stored bales
was more pronounced than for bales stored in the other locations. The changes
in average reflectance after 2 years of storage revealed that cottons stored
in Houston declined 1.2 B3y units, whereas cottons stored in the other three
locations declined from only 0.1 to 0.4 Ry units (table 4).

Without regard to other sources of variation, the effect of type of bale
(flat versus compressed) on reflectance was significant for Mississippi cotten
stored in Greenwoed and for California cotton stored in Bakersfield, but was ,
not significant for Texas cotton stored in Lubbock (appendix table 19). How-
ever, interactions of the factors of length of time stored and type of bale
were not significant for any of the three comparisons, indicating that changes
in reflectance assoclated with time were about the same for both flat and [
compressed bales.

Average yellowness had increased significantly for all lots at the end of
the 3-month storage period, and with minor exceptions, continued to steadily
increase as time in storage increased (table 5). After 2 years of storage,
average yellowness for all 10 lots combined was 1.7 +b units greater than at
the beginning of storage.
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The changes in yellowness which occcurred from one time period to the next,
such as 3 to 6 months and 12 to 2L months, were also highly significant for
most individual lots. Hence, time in storage was a major contributing factor
to the progressive yellowing of the stored bales, regardless of storage loca-
tion, type of bale, or origin.

The rate of yellowing during specific inbtervals of storage varied among
lots, however. Approximately three-fourths of the total 2-year increases in
yellowness of the two Mississippli lots occurred during the first £ months of
storage (fig. 1). At the other extreme, more than half of the yvellowing of lots
stored in Bakersfleld occurred during the second year of storage. Data which
might explain these contrasts in rates of yellowing were not obtained in this
study.

For the three lots stored in Houston, about 40 to 50 percent of the total
increases in yellowness occurred during the second 6-month storage interval.
This interval included the months of May through October, the period of highest
temperatures and humidities for Houston. Although it appeared that summer cli-
matic conditions of the second 6-month period were associated with increased
yellowing of Houston-stored bales, they did not appear to be particularly
relevant for lots stored in the other locations.

MISSISSIPPI |
Greenwood flap oeesnnn. ,'” Jrssi W montks
Greenwood compressed +uL E" . Zmi tix_ months
TEXAS 2nd yaur
Lubbock Hlat s FRUCROREERS | Rt | 4

m:uuq:r I BARS mmc.q TE
..... S PERCENT OF I=YEAR TOTAL.

Lubbock compressed --oeeee

'''''''''''''''

Houston compressed = D0 b S

CALIFORNIA

Houston compressed -« I [y

Houston gin standard - Bassi08es i R R

Bakersfield gin standard = P&

Bakerstield compressed -

Bakersfiald flat rwerrmemrnmensass

0 0.5 1.0 1.5 2.0 2.5 3.0
DEGREE OF YELLOWNESS (HUNTER'S +b FACTOR )

Us & DEPARTRENT OF AGRICUL TURE HEG: ERS 2356=43 (17} ECOMOMIC RESEARCH SERYICE

Figure l.--Total and proportional increases in yellowness of cotton during
storage for specific intervals of time, by origin, storage location, and
type of bale, 1959 crop.
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Storage location wag a major factor affecting both the magnitude and rate
of yellowing of stored cotton. For example, 2-year increases in yellowness of
Houston-stored lots were more than double the increases for Greenwood-stored
lots, and sbout 50 percent greater than the increases for lots stored in
Bakersfield and Lubbock (fig. 1). Without regard to any other factor, differ-
ences in storage location between Lubbock and Houston had a highly significant
effect on the change in yellowness of Texas compressed bales (appendix table 20).
Also, storage in Bakersfield, compared with storage in Houston, had a highly
gignificant effect on the yellowness of California gin standard bales. The
interactions of the factors of storage location and length of time stored, and
of storage location and initial grade were also significant for these two com-
parisons. In contrast, storage location was not a significant factor contrib-
uting to the differences in yellowness between California compressed bales
stored in Bakersfield and those stored in Houston.

The increases in yellowmess during 2 years of storage were slightly
greater for lots of flat bales than for comparable lots of compressed bales
stored in the same location. Statistically, the effect of type of bale on
yellowness, without regard to other sources of varlatlon, was significant
(appendix table 21). The interactions of type of bale and length of time
stored were not significant for the two lots stored in Lubbock and for the two
stored in Bakersfield, but were significant for the two lots stored in
Greenwood. This indicates that the rate of change in yellowmess over time at
Lubbock and Bakersfield was about the same for both types of bales, whereas
the rate of change in yellowness between flat and compressed bales stored in
Greenwood differed appreciably.

There was only one comparison involving bales of different origins but of
the same type and stored in the same location. This was between the compressed
bales from Texas and California stored in Houston. There was a wvery marked
difference in initial grades and degrees of yellowness of the bales in these
two lots. However, during 2 years of storage, average yellowness increased
2.3 and 2.4 units for the Texas and California lots, respectively. The dif-
ference 1ln amount of increase was not significant.

DMfferences in initial grade among bales of similar lots did not greatly
affect the rate or magnitude of change in yellowness during the 2 years of
storage. Ignoring the effects of other variables, differences in initial
grade among bales alone did not significantly affect the yellowness of
California flat and compressed bales. In addition, the interactions of initial
grade with each of the other variables--length of time, storage location, and
type of bale--were not significant for these bales.

For the other lot compariscons, the effects of differences among initial
grades were not great but were statistically significant. However, the inter-
actions of the initial grade and length of time factors were not significant.
Thus, differences in initial grade amcong bales did not significantly affect
the rate or magnitude of changes in yellowness of the lots over time. TFor
most of the lots, differences in yellowness between two extremes in grade wvere
no greater after 2 years of storage than they were before storage. The dif-
ferences between grades at the end of the shorter storage intervals were also
similar in magnitude. Initial grade and type of bale had very little effect
on changes in yellowness and hence on grade classification, compared to the
effects of time in storage and storage location.

"'16" I|




Although reflectance and yellowness were analyzed separately, and each
analysis provided useful information relative to color changes of stored
cotton, they must be considered together to determine the net effect of color
on changes In grade classification. The color charts in figure 2 show the
combined effects of changes in reflectance and yellowness on changes in grade
durdng 2 years of storage. For the two Mississippl lots, the chart suggests
that some of the bales which were Middling and Strict Low Middling White before
storage were classed as Middling Light Spotted after storage for 2 years.
Several bales remained classed as Middling White. For the two lots of Texas
bales stored in Lubbock, the chart indicates that many of the bales which were
Middling and Strict Low Middling White before storage were classed as Strict
Middling and Middling Light Spotted after storage.

For the California lots stored in Houston, it appeared that yellowness
increased for some bales to the extent that they were assigned Light Spotted
grades, while for other bales the inerease in yellowness was beneficisgl, in-
creasing their grade from Middling White to Strict Middling White. For the
Texas lot stored in Houston, the inerease in yellowness, along with the decline
in reflectance, had an appreclably adverse effect on the grade classification
of a majority of the bales. The chart suggests that several of these bales
which were classed as White before storage were classed as Middling Light
Spotted and Spotted after storage. For the California bales stored in
Bakersfield, it appeared that many bales originally classed Middling White
were classed as Strict Middling White at the end of the Z2-year storage period.
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Figure 2.--Color of cotton before storage and after storage for 2 years, by
origin, storage location, and type of bale, 1959 crop.
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A comparison of changes in grade, indicated by these color charts, with
changes in distribution of actual grades assigned (appendix table 1h4), reveals
generally close agreement for all 10 lots. Thus, lncreases in average yellow-
ness were economically, as well as statistically significant for all 10 lots.
The statistically significant changes in average reflectance were also of eco-
nomic importance, but to a much lesser extent than were the changes in
yellowness.

Fiber, Processing, and Dyeing Properties

In general, 2 years of storage did not appreciably affect the fiber, pro-
cessing, and dyeing properties of the cotton. PFor some properties, the results
based on spinning samples from & bales were contradictory to results based on
composited classification samples from all the bales in the lots. In addition,
the 2-year change for many properties was no greater than the standard errors
computed by the Cotton Division in establishing reproducibility of test results
{g}. These small and inconsistent differences indicate that at least part of
the change for some properties was due to "chance" variations associated with
sampling and testing, rather than to the effects of storage.

The 2-year changes in fiber and manufacturing properties for all lots com=
bined are summarized in table 6. Changes which occurred for individual lots,
based on both spinning samples and composited classification samples, are sum-
marized in appendix tables 22, 23, 24, and 25.

For all lots combined, average nonlint content was slightly higher after
2 years of storage. In contrast; average picker and card waste was slightly
lower. This conmtradiction in test results is an additional indication that
much of the difference was probably due to chance variation rather than to ef-
fects of storage. Changes in micronaire, fiber strength, and acid-alkaline
value were not statistically significant for a large majority of the lots.
MAverage sugar content increased for T of the 10 lots during the 2 years of stor-
age; however, the percentage of sugar for 6 of them had not increased beyond the
critical level of approximately 0.3 percent (2).

Changes in upper half mean length and upper qQuartile length, determined by
the Fibrograph and Sulter-Webb sorter, respectively, provide a partial check on
the changes in staple length of stored bales. Both of these measures of length
may vary from staple length because they do not measure a "typical portion" of
fiber, as required for staple length designations.

If the length of fibers actually changed during the 2-year storage period;
it would have been reflected by consistent and significant changes in the upper
half mean, upper quartile, and related length measurements, and in fiber length
distribution. However, changes in these properties were not statistically sig-
nificant, and were too small to be of economic importance., Furthermore, for
some lots the directions of these minor changes were not consistent with the
direction of change in average staple length classifications. On the basis of
these several measures of length, it did not appear that storage appreciably
affected fiber length, although it is possible that storage may have affected
the "pull" or "feel" of the fiber in such & manner as to affect the classers’
staple length designations.
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Table 6.-- Fiber, processing, and dyeing properties of 1,000 bales of cotton

before storage and after storage for 2 years, 1959 crop }f
Fiber, processing, and Before : After
dyeing property Unit storage : storage
Honlint content.... coveenesunnaancsst Percent 2.1 2.3
T Gihan) o b ol RPN L AR S : Reading L.L L.L
Fiber strength: .
B § B 170 1T L Sy PR VP P A 1,000 p.s.1i 87 85
LB maie e e s e e grams/tex 2h.1 2k.0
Sugar content....vivavearrrsarssaases’ Percent i .2
Aot -alkalimie, viviirsssaessoonesnnsant P Til 6.9
Fibrograph data: :
Upper half mean.......c.saeses4....3 Inches 1.0k 1.0k
Il BT e e e S . : Inches .8l .83
Uniformity ratic.....ccceeveess....: Percent 81 80
Array data: : H
Upper quartile.....cscuusssasssa0aat Inches : 1.17 1.17
Mean lengthe . sivcasasasanassaaniass’t Jnches H I 97
Coefficient of variation...........: Percent : 29 29
Fiber over 1 inch.....-c-cv.ves.354241 Percent 55 56
Fiber 1/2 to 1 inchu....eevvuenseast Percent 35 35
Fibers less than 1/2 inch......... .+ Percent : 10 9
Picker and card wast€....... cssssseas} Percent : T:.0T 6.Th
Neps/100 sq. inch card web...........: Number : 18 20
Yern strength, 28'S..us.vsvrvnnns ssses: FPounds E 121 120
Yarn strength, 50'Sescssesscsscssasss: Pounds $ Ls L7
Break factor, 22's and 50'S...v+0s0+.5 Number ;. 2hoe 2438
YErn BpDPearancCe. s esssnssansssssssssss IndeX : 104 102
Spinning potential 2/e......cevin.00.i Yarn no. 55 60
Yarn color: i :
Gray yarn: : :
Reflectance.scisaases sssssnanasaasd By : T1.3 TO.1
Yellowness..oseeseos seseansrnsensd FD : 11.4 12.9
INASK. cnasn o srssonussssees s+ 00t Number : e 102
Eleached yarn: : :
Reflectance....cooannannsasssssssd By : 83.5 82.0
YelloWness.sssssssssnaasaasansasai +h : 3.0 2.7
IndeXesivvnnsnnvans R S « s : Number H 102 100
Bleached and dyed yarn: - :
BB P LRI o s v i o 3 Ry - 26.2 27.2
T TR B i W A T : 26.6 26.4
IOEN o v wm e a2 TIKDRDE T : 108 105
1/ Summarized from appendix tables 22 and 2k.
2/ Spinning potential was summarized from appendix table 23.
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The mmber of neps per 100 square inches of card web remained the same or
had declined slightly for five lots at the end of 2 years of storage, and in-
creased for the other five lots. For two of the latter lots, the nunmber of
neps was 36 percent greater--a highly significant increase. However, for all
lots combined, the increase in neps was not significant.

The change in yarn strength during 2 years of storage was not significant
for all lots combined and was significant for only one lot. The average break
factor for this lot, stored in Lubbock, declined from 214k before storage to
2049 after storage. In contrast, there was a slight increase in break factor
for seven of the nine remaining lots. Yarn appearance grade was slightly lower
for all lots combined after 2 years of storage. The change in yarn appearance
index was not statistically significant for seven lots, and the largest change
in index wvalue for any lot was less than the 10-point intervals among yarn
appearance grades.

On the basis of the results of spinning potential tests, it was possible
to spin a slightly finer yarn number from the bales after 2 years of storage.
This was especially true of the lots with a longer, more uniform staple length
produced in California and Mississippi.

For each lot, dyeing comparisons were made for gray, bleached, and dyed
(dyed after bleaching) yarns spun from the cottons before storage and after
storage for 2 years. Color measurements, similar to those made on raw stock,
were reported in terms of diffuse reflectance--ranging from O to 100 percent--
and in terms of degrees of yellowness for gray and bleached yarns and blueness
for blue-dyed yarns. For differences in these attributes of yarn color to be
of practical significance, they must be clearly visible. The following dif-
ferences were reported in a previous study (3) as being easily distinguishable
under good viewing conditions:

Reflectance, Yellowness & blueness,
Type of yarn Rq units + or = b units
Gray 2.0 1.8
Bleached 2.0 1.8
Dyed, after bleaching 1.0 1.8

Considered individuallly, reflectance and yellowness (or blueness) provide
useful information relative to the effects of storage on the dyeing properties
of yarn. However, since these two attributes of color are not independent of
each other, they must be considered together in an over-all interpretation of
the effects of storage on yarn color. MNickerson and Newton converted these two
measurements of yarn color into grade indexes (Middling eguals 100, Good
Ordinary equals 70) for gray yarn, bleached yarn, and yarn dyed blue after
bleaching (14). These indexes provide a single measure of color, and greatly
simplify the analysis of the effects of storage of cotton on the dyeing pro-
perties of yarn.

After 2 years of storage, the changes which had ocecurred in reflectance

and yellowness for gray yarn agreed fairly closely to the changes which oc-
curred for the raw cotton; reflectance had declined for all lots and yellowness
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increased for all lots. However, the declines in reflectance exceeded 2.0 Ry
units for only two lots, and the increases in yellowness exceeded 1.8 +b units
for only three lots. These lots with excessively large changes in color were
stored in Houston.

When these two color measurements were combined in the yarn grade index
and considered collectively, it was found that 2 years of storage resulted in
small improvements in grade for T of the 10 lots of gray yarn, and no change
for the other 3 lots. However, the color changes which occcurred in raw cotton
during 2 years of storage, and which were reflected by similar changes in the
individual dimensions of reflectance and yellowness of gray yarn, were too
small to have any practical or economically important effect on the appearance

of gray yarn.

In bleached, as in gray yarn, reflectance declined for all lots. For the
two lots of Mississippi cotton and the two lots of gin standard density bales
from California, the declines were clearly visible, exceeding 2.0 units. But
for the bleached yarn, in contrast to the gray yarn, yellowness was the same
or slightly less for all lots after 2 years of storage. The index based on
these two factors of color was slightly lower after 2 years of storage for all
except one lot, indicating that the decline in lightness and the yellowing of
raw cotton during storage were not entirely offset by bleaching.

The adverse effects of color deterioration of raw cotton during storage
were clearly evidenced by the differences in color measurements of yarns dyed
blue after bleaching. Reflectance increased for all 10 lots over the 2-year
period. For dyed yarns this is a detrimental rather than a beneficial effect
(3). The increases exceeded 1.0 unit for all Mississippi and Texas lots, and
for one California lot. The ability to absorb or take blue dye was also less
for seven of the lots, as indicated by small deeclines in blueness. As a result,
the dyed yarn grade index after 2 years of storage was less than before storage
for 9 of the 10 lots, indicating that storage of bales adversely affects the
dyeing as well as the bleaching properties of cotton.

Economic Implications of Changes in Quality

Changes in quality, especially color, of the magnitudes found for stored
bales included in this study are of economlc significance to the U.3. cotton
industry. Although the average increases in yellowness during the first 6
months of storage were beneficial for almost all lots, the contlinmuous yellowing
as time in storage increased eventually resulted in adverse effects on grade
plassification and market value, and also on end-use value.

Based on 1960-61 average price differentials for the 14 designated markets
(19), the value of Mississippi cotton stored in Greenwood declined an average
of 0.21 cent per pound or $1.05 per bale during 2 years of storage (table 7).
Although this is less than 1 percent of the total value of a bale, many bales
are bought and sold each year on commissions or profit margins of $1 or less
per bale.

=] =



A1aaT3oadsax ‘TaasT jusogad T puw juadiad ¢ SU3 9% JWEDTITURTS SJeM SNTEA U] SaBUBYD 318OTPUT 4% DUE «

‘uosEes T9-006T 8yl J0J S3IMODSTP pue sumiuasd sBelasw JOHIEW- 4T SU} WOLF payndmos s

a2tad ajetadoadde ayl pie aTEq yows Jo yiF¥uaT sTdmis puw opeIF 21y U0 DPaSRG SEA 30T UDEs JO SNTEA aBwIaay \m
wwll - #x2E” »x02" #%GE " TT°2E 09*2E gt 2E £g-2t ge'gf . +-cceveress pampte}s UEH
T A *%9T" *2T° 12 06  4T°0f 70" TE 00° 1€ @9°0E , ++++eevsvese: pogsaIdmO)
#uEt - *xoh" - w#b3" N’ £5-0f H5°0E G2 Tt 02 1€ 96°0F o LM L * 1BTd

: :9Teq Jo odA3 Ag
##0M" #*02 " Eo"- g0° 3 2k 792k T 2E 0G°2E 'CE | sserrene ree pTRTISISYEd
wxb6° -  sxf2 - xxE2" **22" 62°0f  SO°TE 16 1€ 05" 1€ GB'TE | serrreciresiaes pogsETOR
#xTE"T-  wx12°T- #600" wuch” 66" L2 60°g2 96*62 2L 62 OE'62 , sererereresarans fooqqnT
w2~ axbg- Lo %67 ng o€ 9T°CE 2T 1E 2" 1€ GO'TE . *+evvesssnsss POOATDDID
; {WOT1w00T agRdIDgS Ag
£0° wxl2 go- **9T" ™'2E  49-2¢ gn* 2k n5°2€ gEBE , srereereceess BIRIOFTTED
##06°T=  xx92°T- £6*  wwOE" L'z T0'gg 0862 1562 L3'62 , cevereereececeecss gmxeg
#*15"~ o Lo #6T" 90k 91" 0E 2T 1E 42 It $0°TE , *r+=evcveee- TAATESTESTH
{UTSTa0 Ad
#egh" = #¥CH" = #%T2" T2 0L-0E 9L 0t GE"TE BE*TE BT 1E :
Deeeeeeees oIyt TIV
#*#92" #*#52" O To p #xl0" = 083t 6L°2E o 2k Ly 2t HG'GE . ceesres 18TI-PTaTIsIoNed
*gh" *Lo 10° co* 6Q°2E g 2t 2L ah 2k Th'2E . - possaxdwod-praTisiensd
*xgh” *x63" 00" 12" #g'2f  59-2f 9g- 2t 15°2€ 9E°2E . pIepmels UTB-DTETISISNED
#x20" - #*#0E" w0 wnbY” gE-TE g5 gk 092t 69 2E 02'2E , -+ pIepwe3s UTE-UO3SNOH
¥x0Z" - wxEE" *H0! 1T H#T*2E cl 2k oh*2E EGr2t eq'2t . v+ passaxdmoo-uoysnof
: WINMDATTYD
##00°T-  *xQE'T- *®#hg* qo- #E 12 gLz of" 62 lz-62 g2g'62 . '+ pessaxdmoo-u0LSNOR
##0h T- *xQL"T- #0G " #2c’ 0512 15012 98 62 256762 0t*62 , ----- passaxdwoa-yoogqqny
xTS T~  #n89° - P #*29" go-ge 952 Lot oE T6°62 62'62 . "eerrerreer quTI-FOOQQNT
s BV
60"~ **£6° - 2o* - ##02* G6° 0t TT"0f 20°1E w2 1€ #0*TE . *+* pessaadmoD-pooAUSadD
b= ##0Q° = L1* wlT" EL°0E 02" 0k £z Tt g2 1t QOITE ;. Lresss *++ 4BTI-POOMUSIIN
. +IddTSSTESTH
5qU3] 830a) 530a) s3uap 59090 83030 sy°a) 830a) s3Ua) |
I R T R T mwmmwmm : aTeq jo adAy pue
-- d03 SAeaoT JoTgE . == Jd0] SOugonE I9Tav + ‘UOT1E0T 9FeJ0ds ‘UTETID

antes Ul afuey)

71 5307 JO an[ei SDBJSAY

doxo gLAT faTeq Jo adiy pum ‘morqmo
-0T 8¥uaoqs ‘urdrao fq ‘spotasd parIyioads JoJ sfwI0ls Jeqlw DPUR o¥mIOls 2JI0Jsq WON0D

Jo pmmod Jad snTep--*) STqQRIL

-1 1



The wvalue of High Plains cotton stored in Lubbock declined an average of
$6.05 a bale in 1 year of storage, and $6.55 in 2 years. Similar cotton stored
in Houston had declined $6.90 and $9.40 per bale after storage for 1 and 2
years, respectively. If losses of this size, or even half this size, occur re-
peatedly year after year, merchants, mills, and other owners must make allowance
for them in determining pricing policles and operating practices. Thus, these
losses during storage, which are a cost to the firm, must be passed back toward
producers in the form of lower prices or forward toward consumers in the form
of higher prices, or a combination of the two.

Of equal economic significance to handlers of California cotton was the
finding that storage of California cotton in Bakersfield did not adversely
affect bale value. Even after 2 years of storage, the value of these bales
Was $E above their initial value; whereas,; for similar bales stored in Houston,
averagze value had declined $E.T5 per bale. However, a majority of these bales
were initially Middling or better, and the effects of storage in either loca-
tion on lower grade White and Spotted California cottons were not ascertained.

The lack of consistency in magnitude and direction of change in average
value for some lots suggests that part of the change may be attributable to
normal and unavoldable sampling and classing varlation. However, after making
reasonable allowances for these variations, it was obvious that vwalue continued
to change as time in storage increased.

This was even more proncounced when the changes in value were based on the
relatively wide price differences which existed in 1957-58 (18). On the basis
of these differences, changes in value after 2 years of storage exceeded $4
per bale for 6 of the 10 lots, and were as great as $9 to $16 per bale for the
3 Texas lots (appendix table 26).

Considered alone, the effect of storage location on changes in value during
storage was not statistically significant (appendix table 27). However, the
interactions of the factors of storage location and length of time in storage
were significant for Texas compressed bales and for California gin standard
bales, but not for Californima compressed bales.

Type of bale, considered alone, had no significant effect on changes in
value during storage (appendix table 28). Interaction of the factors of length
of time stored and type of bale was not significant,; whereas the interaction of
the factors of initial grade and type of bale was significant for Mississippi
and Texas cottons stored in Greenwood and Lubbock, respectively.

The effect of initial grade on wvalue changes, disregarding the effects of
all other variables, was significant at the 1 percent level. AMAlso, the inter-
action of the factors of initial grade and length of time stored was signifi-
cant for California compressed bales stored in Bakersfield and Houston, and
for Mississippi cotton stored in Greenwcod.

In addition to having an adverse effect on market walue for a majority of
the lots, increases In yellowness were reflected by adverse changes in the grade
color indexes of both bleached and dyed yarns, thereby reducing the value of
Tinished and semifinished end products.
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There are many uses for which color finishing is only a minor considera-
tion, however. Fiber length and strength, yarn strength and appearance, neps,
fineness, and percent nonlint and manufacturing waste are other properties
which may be more important than color in the manufacture of some products.
The fact that storage for 2 years did not appreciably and consistently change
these properties is of great practical significance to the cotton industry.
Stored bales may be just as desirable as new=-crop cotton for uses in which
these propertlies are major determinants of product quality. When this is so,
it could be pessible for mills to make more efficient use of the available
supply of raw cotton and possibly increase the utilization of stored cottons.

STORED VERSUS FEESH SAMPLES FOR EVALUATING
QUALITY OF STORED BALES

Fresh samples are generally used as a basis for making quality and pricing
decisions in merchandising stored cotton. Hence, they were used in this study
as a standard for Jjudging the usefulness of stored samples for determining the
grade, staple length, and other quality characteristics of baled cotton stored
for 3, 6, 12, and 24 months.

Grade and Staple Length Classification

After 3 months of storage, grade based on stored samples was the same as
that assigned to freshly cut samples for 80 percent or more of the bales in 9
of the 10 lots. For all lots combined, grade based on stored samples did not
differ significantly from that based on freshly cut samples (table 8). The
greatest difference in average grade value (see footnote 6 p. 8) between these
two types of samples for any lot was 0.14 cent per pound. This difference and
the differences for two other lots were statistically significant, although
they amounted to less than $0.75 per bale.

As time in storage increased beyond 3 months, there was a slight reduction
in the proportion of bales for which the same grade was assigned to stored
samples and corresponding fresh samples. However, in some instances the stored
sample rated a higher grade and in about the same number of instances, the
freshly cut sample rated the higher grade. After 6 months of storage, differ-
ences in average grade wvalue between types of samples were statistieally sig-
nificant for only one lot. For all lots combined, the difference in average
grade value between stored and fresh samples was equivalent to only $0.05 per
bale, and differences in average grade values for lots of the same origin, same
storage location, or same type of bale were not significant. Considering the
possibility that some of the differences may have been due to classing varia=-
tion, samples stored for 6 months were as dependable as freshly cut samples for
determining grade of stored bales.

At the end of 1 year of storage, differences in average grade value be-
tween stored and fresh samples were significant at the 1 percent level for five
of the lots. Differences were almost $2 per bale for two lots, but less than
$l per bale for seven lots. Average grade value based on stored samples was
higher for six lots, and lower for the other four lots. Differences were sig-

nificant at the 5 percent level for the bales of Texas origin, and also for the
bales stored in Houston and Bakersfield. For all lots combined, bowever, the
the difference was not significant.
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After 2 years of storage, differences in average grade value between the
two sets of samples were statistically significant for six individual lots and
for all lots combined. Grade values based on stored samples were lower than
those based on fresh samples for seven lots, and for six of these lots the dif-
ferences ranged from $1 to almost $2.50 per bale. Although some of the differ-
ences in average grade values may logically be attributed to classing variation,
there was a general tendency for the magnitude of the differences between the
two types of samples to increase as time in storage increased beyond 6 months.
Hence, grade based on samples stored for a year or more as compared with grade
based on freshly cut samples, may not be an accurate reflection of the grade
of stored bales. However, the findings were inconclusive as to whether stored
samples will consistently rate a higher or lower grade.

Samples stored for 2 years were as reliable as fresh samples for evaluating
the staple length of all 10 lots. Differences in average staple length between
the two sets of samples, which did not exceed 0.1 of 1/32 of an inch for any
lot, were not statistically significant (table 9). At the 3-, 6-, and 12-month
storage intervals, differences in average staple length between the two sets
of samples were statistically signiflcant for a few lots. However, since 4if-
ferences of these magnitudes were not prevalent after 2 years of storage, they
were attributed to classing wvariation.

Reflectance and Yellowness

For all lots combined, differences in average reflectance between stored
and fresh samples were not significant for any storage period (table 10).
Differences were statistically significant for a few individual lots for each
time period but were not consistent. After 2 years of storage, differences in
reflectance for seven of the lots were statistically significant. For half
the lots, average reflectance based on samples stored for 2 years was less than
that baszed on corresponding fresh samples, and was the same or higher for the
other five lots. Because of this inconsistency, it may be that variation in
sampling and testing procedures partly accounted for some of the difference
rather than there being an actual difference in reflectance between stored
and fresh samples.

Differences in average yellowness after 3 and 6 months of storage were
small and not statistically significant for all lots combined nor for a large
majority of the lots when considered separately (table 11). After 1 year of
storage, yellowness based on stored samples was from 0.1 to 0.3 unit greater
than yellowness based on fresh samples for 6 of the 10 lots. Although these
differences were statlstically significant, they were not clearly visible,
hence were of little practical significance. There was a small but not sige-
nificant difference between averages of all lots combined.

After storage for 2 years, differences in average yellowness between
stored and fresh samples were generally greater than after storage for 1 year,
and were statistically significant for nine of the lots. However, differences
in yellowness for the individual Mississippi and Texas lots, which did not
exceed 0.3 unit, were too small to be of any practical significance. For the
five California lots, average yellowness of stored samples was 0.3 to 0.5
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unit greater than the average yellowness of freshly cut samples. In some cases,
differences in yellowness of these magnitudes are enough to appreciably affect
grade classifications, either adversely or favorably. Thus, in addition to
these differences in yellowness being statistically significant, they may be
economically significant under some circumstances.

Fiber, Processing, and Dyeing Properties

For all lots combined, differences in fiber and processing properties be-
tween stored and fresh samples were negligible and not statistically signifi-
cant after 2 years of storage (table 12). With few exceptions, this was also
true for individual lots (appendix table 29). Nonlint content was slightly
greater for fresh samples from four lots, and greater for stored samples from
five lots. The differences for four of the latter lots were 0.4 percent or
greater. Differences of this magnitude are egquivalent to the small difference
in trash content which exists between Strict Good Middling and Good Middling
cotton, but are less than half the difference in the trash contents associated
with Middling and Strict Low Middling cottons.

Fiber strength of samples stored for 2 years was slightly less than that
of freshly cut samples for a majority of the lots. However, stored samples did
not consistently yield a higher or lower value for the various measurements of
fiber length of individual lots.

The average number of neps per 100 square inches of card web based on
stored samples was the same or lower than the number obtained from freshly cut
samples for all lots. For three lots, the difference between the two sets of
gamples was eight or more neps per card, which in some cases is sufficiently
great to have practical significance. However, differences for six other lots
were not statistically significant.

Except for a few lots, yarn strength and yarn appearance were generally
lower based on stored samples. However, the differences were not excessively
great for a majority of the lots. From the standpoint of determining spinning
potential, differences between samples stored for 2 years and freshly cut sam-
ples were inconsistent and not statistically significant for any of the 10 lots.

It is probable that some of these small differences in fiber and pro-
cessing properties between stored samples and fresh samples were due to un-
avoidable variations in sampling and testing procedures, and to the extra
handling of the samples when they were mixed and blended during the compositing
process. In view of these limitations of the testing procedure, and con=-
sidering that differences in test results of these properties based on stored
versus fresh samples were either Inconsistent or not significant for a majority
of the lots, it appeared that stored samples were dependable for evaluating the
fiber and processing properties of stored bales.

There was no appreciable difference In yarn color and dyelng properties,
between stored and fresh samples for all lots as a whole after 2 years of
storage (table 12). However, for individual lots, the gray yarn index based on
stored samples was the same or slightly higher than the index based on fresh
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Table 12.--Fiber, processing, and dyeing properties of 1,000 bales of cotton
based on stored samples and fresh samples cut from bales after storage for

2 years, 1959 crop }f

Fiber, processing, and - : Fresh Stored
dyeing property : Unit : sample sample
Nonlint content....eeeeseeesssesanses: Percent : 2.k 2.5
Micronaire........sssssssssess0s222..: Reading : L.3 L.3
Fiber stength: . .
"0" gauge...... P e R Nt s BT 1 1 L 87 86
1/B" gange . v i i iievassesn e e sy Gromes)tex : 2,2 23.5
Sugar content,....cosesnseassnsananss? Percent - .2 .2
Al BLERTANE o oisviiin nie sinini i v s e a0 : 6.9 7.0
Fibrograph data: i -

Upper half mMEAN...s1sssa00aassaasssi Inches 3 1.03 1.03

Mean length. .. .:civiicuinvssdeveyss Inches : .81 .82

Uniformity ratic.......ce0cvuevueaat Percent : TS T9

Array data: : -

Upper quartile..cisvivssnissiansasss Inches : 1.16 1.15

Mean length..csevssensenanassnnssesd LNCHES : .35 .ol

Coefficient of variastion...........: Percent : X 32

Fibers over 1 inch....cccsessssnssa] Percent 5 he 5l

Fibers 1/2 tclinﬁh................Percen'h - 37 38

Fibers less than 1/2 inch........ ++: Percent - 1L 11

Picker and card wast@.s..eeveevecuees : Percent : T.52 T.81
Neps/100 sq. inch card web........... : Number : 28 24
Yarn strength, 22'8..c v vevenininanns : Pounds 3 116 115
Yarn strength, 50's...ccvvvccccnnnnns : Pounds : L5 Ly
Break factor, 22's and 50's...cccvanan : Number T 2305 2367
Yarn appearance. ... oceesvevecrssss «oi Index : 100 g8
Spinning potential............... asss: Yarn HNo. . &0 60
Yarn color: $ :

Gray yarn: . :
Reflectance....isivisnssssisinais :t Ry : T11 70.6
Yellowness ., o andassasnsnsnsst +b : 12.7 12.7
D e g e : Number : 103 102

Bleached yarn: ; :

Reflectance. .. iveivisnvonnsanvinnes : Ry - 82.L 83.5

g I8 Fo T T R A e I S : a7 2.8

Indexde e cisnarsanssnsnmannnnsnnsast Number : 100 102

Bleached and dyed yarn: . H

Reflectance........ovvvvvneennnenns? Ry - 27.k 27.1

Blueness.ccoesoesccscvsassassasscsnnst =B = 25.9 26.3

f T o A P PR A e e L SRR 2 1 1] o : 103 105

lf Summarized from appendix tables 29 and 30.
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samples for five lots, and from one to three index points less for the other
five lots (appendix table 30). These differences, and differences in reflec=
tance and yellowness, were too small to be easily distinguishable, and thus
were not significant from a practical standpoint.

Grade-color indexes for bleached and dyed yarns based on stored samples
were higher than the indexes based on fresh samples for eight of the lots. The
bleached yarn grade indexes for the Texas lots based on stored samples were sig-
nificantly greater than the indexes based on fresh samples. The higher indexes
resulted primarily from the significantly higher reflectance values of the
stored samples, which exceeded the values of the fresh samples by 2.3 to 2.8
units.

Differences in the dyed yarn index between stored and fresh samples were
egqual to at least one full grade for half the lots. BReflectance based on stored
samples indicated better dyelng properties than those indicated by fresh samples
for seven of the lots. For four of these lots, differences in reflectance be-
tween stored and fresh samples exceeded 1.0 unit, which is sufficiently large
to be ¢learly wvisible, and is thus of practical significance. Differences in
blueness between the two types of samples were not significant in an economic
sense, although for nine lots the stored samples indicated a slightly higher
dye uptake than did the fresh samples.

Difference in Value and Economic Implications

The differences in grade and staple length classifications between stored
samples and freshly cut samples were converted inte differences in value, to
provide an additional basis for judging the usefulness of stored samples. The
same two sets of prices were used for these computations as were used for eval-
uvating the changes in value of stored bales.

Using 1960-6l prices, the value of all lots combined based on stored sam-
ples, was less than the value based on freshly cut samples at the end of each
of the four storage periods (tahle 13}. If However, the differences in bale
velue between the two types of samples were less than $0.50 up through 1 year
of storage, and they were not significant in a statlstical sense.

At the end of 2 years of storage, the difference in average value for all
lots combined amounted to $0.95 per bale and was statistically significant.
The differences in average value between stored and fresh samples for bales
stored in Bakersfield for 2 years, and for all flat bales combined, were not
significant. For the other three storage locations and the other two types of
bales, and for all three origins, differences were significant at the end of
the 2-year storage period.

Although the average value based on stored samples was lower than that
based cn fresh samples for a majority of individual lots, fresh samples did not
consistently indicate a higher valus at the end of each successive storage

1;" The differences in value based on 1957-58 prices are summarized in
appendix table 31.
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pericd except for two lots. Also, the greatest difference in value between
the two types of samples occurred after 6 months of storage for two lots, after
1 year for four lots, and after 2 years for the other four lots. These incon-
sistencies and fluctuations strongly indicate that classing variation was at
least partially responsible for some of the difference in value rather than all
of it being due to actual differences between stored and fresh samples. For
many of the lots, the differences in average value between the two types of
samples up to the end of 1 year of storage were either relatively small, or
there was an inadequate basis for predicting which type of sample would rate
the higher average value.

In addition, the findings that stored samples were generally as reliable
as fresh samples for evaluating many fiber and processing properties of stored
bales suggest some possibilities for cost-saving changes in warehousing prac-
tices. In many warehousing cperations, the bales for one resampling order may
be located in various bays in several warehouses. Thus, the labor required for
locating, flagging, cutting, and assembling samples may be quite costly. Since
many bales are resampled one to three times before thay are finally shipped, it
would seem plausible that, on arrival of bales at the warehouse, an adequate
number of samples could be drawn and stored for future use. The samples could
be systematically stored, for easy location when needed, in a specially designed
warehouse. This would eliminate the labor needed for locating and identifying
bales for resampling and would greatly reduce the labor needed for cutting
samples. Further, this would eliminate the frequent handling and moving of
bales to make them accessible for sampling, which in many cases contribute to
the ragged appearance of American cotton bales. Also, warehousemen could more
rapidly fill resampling orders, thus improving their service to merchants and
other owners of stored cotton.

Offsetting these advantages are the costs of the sample storage facility
and the possible increase in cost of keeping records of the location of stored
samples. Comparative costs, which are not presently available, of alternative
methods for performing this service should be carefully analyzed. However, it
would seem worthwhile for merchants and warehousemen to cooperate in exploring
the possibilities of using stored samples to eliminate the need for resampling
bales and to increase the efficlency of their operations. It is the continuous
acceptance of similar cost-saving practices which enhances the competitive
position of American cotton in both domestic and foreign markets.
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Tabkle 15.--Analyses of variance of the grade of paired lots

of cotton stored

at two locations for 0, 3, 6, 12, and 24 months, 1959 crop
Description Source :Degrees @ Sum Mean ° Calcu-
of two-lot ] of = of of square : lated
comparison H variation sfreedom : squares : : F value
Texas origin, . Tength of time : & 32.8344  B8.2086  99.4gB¥*
compressed bales : Initial grade L 53.3271 13.3318 161.598%*
Lubbock storage + Storage location: 1 .TO033 .T033 B.525%
compared with . &
Houston storage : :
: Time x grade : 16 2.6082 1630 1.976
: Time x location : & 1.617k LoklL L .go2%*
: Grade x location: & .9570 .2392 2.899
; Time x grade x
: location s 16 1.3194 0825 --
: Total : Lo 93.3668 -- ==
California origin, : Length of time L 2.6219 6555 L L7h*
gin standard bales, : Initial grade L 16. 7094 h.177h  28.515%%
Bakersfield storage : Storage location: 1 3681 L3681 2.513
compared with : :
Houston storage : .
! Time x grade T 16 3.9801 .2488 1.698
: Time x locaticn : L L. 7017 1.175k 8.023%*
! Grade x location: L .1303 .0326 .222
* Time x grade x
! loecation : 16 2.3437 .1465 --
. Total . L9 30.8552 e o

2

* Significant at 5

percent level;

“35m

#* gignificant at 1 percent level.



Table 16.--Analyses of variance of the grade of paired lots of cotton stored
as flat and compressed bales for 0, 3, 6, 12, and 24 months, 1959 crop

Descripticon : Source :Degrees : Sum ¢ .. ¢ Caleu-
of two-lot : of : of : of P s lated
comparison : variation :freedom : sguares : q : F value
Mississippi origin, . Length of time @ L 2.1875  0.5469  8.8p1w
Greenwood storage, . Initial grade | L 50.2580 12.5645 202.653%%
flat bales . Type of bale S ! 2112 9119 3.L406
compared with : :
compressed bales . Time x grade = Ak 3.5563 .2223 3.586%%
. Time x bale s il 543 .1136 1.832
. Grade x bale " TITL .1943 3.134*

Time x grade X

. dale S_16 .9928 .0620 --

; Total z 49 58.4372 - 51
Texas origin, ; Length of time z L 15.1006 3.7752  33.677%¢
Lubbock storage, . Initial grade . 3 Lo 4883  13.4961 120.393%*
flat bales Type of bale . 1 1.0857  1.0857  9.685%%

compared with

compressed bales . Time x grade 12 1.9730 .16k 1.466
. Time x bale b .T901 L1975 1.762
. Orade x bale 3 1.5904 .5301 L . 7egx
; Time x grade x .
bale .12 1.3447 1121 --
Total . 39 62.3728 s s
California origin, : Length of time ; b L3607 0902 12.027*%
Bakersfield storage,: Initial grade 1 .1786 1786 23.813%x%
flat bales : Type of bale : 1 L0102 L0102 1.360
compared with H .
compressed bales : Time x grade . 4 .0228 .0057 .760
: Time x bale b .0205 L0051 .680
: Grade x bale 1 0252 0252 3.360
! Time X grade x
! bale = il L0300 0075 --
Total : 19 L6480 -= -=

* Significant at 5 percent level; *% sipnificant at 1 percent level.
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Table 18.--Analyses of variance of the reflectance percentage (Rq) of paired
lots of cotton stored at two locations for O, 3, 6, 12, and 24 months, 1959

crop
Description : Source :Degrees ; Sum Mean ; Calcu-
of two=-lot - of of : of square ° lated
comparison - variation :freedom : squares 1 F value
Texas origin, * Length of time * b hs5.6147 11.4037 115.073%%
compressed bales, *° Initial grade * Lk 178.6627 44.665T7 L50.713%*
Lubbock storage * Storage locationt 1 0090 L0090 091
compared with : :
Houston storage :
! Time x grade 16 5.2982 .3311 3.341%
i Time % loecation ! L 3.3363 .83k1 B.h1TH*
i Grade x location: L L578 L11kh 1.154
* Time x grade x °*
*  location =_16 1.5855 -0991 --
: Total : Lo 23k .g6k2 _— -
California origin E Length of time f I 18.7994 L.6998  Th.95T7**
gin standard bales, ;| Initial grade ° L 38.1154 9,5288 151.974%#*
Bakersfield storage | Storage lccation: i} 1.7113 1.7113 27 . 293 %%
compared with g :
Houston storage 7 )
* Time x grade S 6849 L0428 683
* Time x location * L 3.9624 L9906  15.799%*
" Grade x location’ 4 L3867 L0967 1.542
f Time x grade x f
° location P16 1.0030 .0627 —
‘' Total g 6l . 6631 o "

* Significant at §

percent level; ¥¥

o

significant at 1 percent level.



Table 19.--Analyses of variance of the reflectance percentage [Rd} of paired
lots of cotton stored as flat and compressed bales for 0, 3, 6, 12, and 2L

months, 1959 crop

Description : Source :Degrees : Sum ! Mean : Calcu-
of two-lot : of of of ' Square ° lated
comparison : variation i freedom : squeres : : F value
Mississippi origin, * Length of time * L4 28.8051 T.2013 45.839%*
Greenwood storage, *° Initial grade : L4 56.6209 14.1552 90.103%%
flat bales : Type of bale : 1 G T325 5.7325  36.L400%*
compared with =
compressed bales ‘ Time x grade 16 1.2910 .0807 .51k
! Time x bale : b .5340 .1335 .850
‘ Grade x bale : L 7.1701 1.7925 11.h10o*
' Time x grade x
* bale i 16 2.5133 1571 -=
' Total L 102.66 -u e
Texas origin, " Length of time * L 27.7688  6.9422 103.000%*
Lubbock storage, * Initial grade * 3 112.8465 37.6155 558.00L**
flat bales * Type of bale 2 1 .1651 .1651 2.450
compared with : 2
compressed bales * Time x grade 12 3.4472 L2873 L. o633
° Time x bale b LB62 .1216  1.80k4
" Grade x bale 3 11.5872 3.862L4  57.306%
* Time x grade x
° bale 12 .8093 L0674 --
: Total 39 157.1103 S e
California origin, f Length of time & &4 3.8024% L9506 10.609%*
Bakersfield storage, ; Initial grade 1 4.5125 4.5125 50.363%%
flat bales . Type of bale p 1 6.2720 6.2720  T0.000%*
compared with . :
compressed bales ‘ Time x grade # L LTO20 1755 1.959
. Time x bale : L .8965 .22h1 2.501
. Grade x bale : 1 L5314 L5314 5.931
E Time x grade x :
; bale L .3585 .0896 --
Total 19 17.0753 - S0

¥ Significant at 5 percent level: *¥ gignificant at 1 percent level.
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Table 20.--Analyses of variance of the yellowness (Hunter's +b factor) of
paired lots of cotton stored at two locations for 0, 3,

6, 12, and 24 months,

1959 crop
Description 2 Source :Degrees : Sum . Megn * Calcu=-
of two-lot s of = o H of S lated
comparison p variation :freedom : squares : 4 : F value
Texas origin, ; Length of time I 23.5115 5.8779 199.929%x
compressed bales, . Initial grade L 3.2561 .Blho  27.687%x
Lubbock storage . Storage location 1 3.3592 3.3592 11k.258%=
compared with .
Houston storage . Time x grade 16 7692 .0LB81 1.636
. Time x location L 1.8809 4702 15.993%%
. Grade x location L 1.0258 .2565 8.72h*x
: Time x grade X
. location 16 L4709 029k -
; Total

TR T AT

California origin, Length of time
gin standard bales, Initial grade
Bakersfield storage : Storage location
compared with :

Houston storage : Time x grade
! Time x location
: Grade x location

: Time x grade x
t+ location

: Total
California origin, : Length of time
compressed bales, : Imitial grade

Bakersfield storage : Storage location
compared with :
Houston storage i Time x grade
* Time x location
! Grade x location:

@5 @& #8 @8 §% @8 S8 SE & EW §E E% AE 8 EE §8 @ H8 &% S8 #& EE EE EE EE EE B§ #F S8 #% 48 #8 &8 &9 &% &4

Time x grade x
location

Total

49 3.2736 - o

L 23.4825 5.8706 oL6.B71%x
i 1.21k2 .3036  LB.g68%x
1 1.591F  1.591L 256.677**
16 .1155 .0072 1.161

L 2.5295 632k  102.000%*
L .1098 .0275 L L3g*
16 .0995 .0062 --
kg 29,1424 == --

L 0.0009 2.2502  30.003%*
2 .2628 131k 1.752

1 .2862 L2862 3.816

8 Lo63 L0620 .82t

i .2387 .0597 796

2 .1505 L0752 1.003

8 . 5999 0750 .=
29 11.0353 -- -—

% Significant at 5 percent level; ** significant at 1 percent level.
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Table 21.--Analyses of variance of the yellowness (Hunter's +b factor) of
paired lots of cotton stored as flat and compressed bales for 0, 3, 6, 12,
and 24 months, 1959 crop.

Description Source :Degrees : Sum Mean ° Calcu-
of two-lot of of : of P lated
comparison variation :freedom ; squares : < : F value
Mississippi origin, : Length of time L 5.3226  1.3306 277.208%*
Greenwood storage, : Initial grade : L L.3ks0 1.0862 226.292%x
flat bales : Type of bale . A 2874 .2BTh  59,.875%x
compared with - .
compressed bales : Time x grade : 16 .1588 L0099 2.063
: Time x bale : & .1998 0500  10.h17ws
: Grade x bale s L 0283 L0071 1.479
' Time x grade x
: bale 16 L0762 L0048 s
Total : Lo 10.4181 -- --
] = =
Texas origin, ! Length of time ¢ L 9.2826 2.3206 161.153**
Lubbock storage, ' Initial grade * 3 1.62681 .5k27  37.688%
flat bales ! Type of bale : 1 .8237 8237 57.201%x
compared with : :
compressed bales : Time x grade > 12 .hoo1 .0333 2.313
! Time x bale ok .1133 .0283 1.965
' Grade x bale 3 5 L2073 L0691 h,799%
* Time x grade x *
* bale P12 .1726 .01hh --
* Total t39 12.6277 - s
California origin, ' Length of time @ & L.8443  1.2111 186.323%
Bakersfield storage, @ Initial grade = 1 .0225 0225 3.h62
flat bales ' Type of bale * 1 0995  .0995 15.308#
compared with : 5
compressed bales ' Time x grade L .0282 .0070 1.077
* Time x bale L 0928 0232 3.569
" Grade x bale G L0377 L0377 5.800
* Time x grade X
bale L 0259 0065 -
Total 1 5.150 - -

¥ Significant at 5 percent level; ** gignificant at 1 percent level.
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Table 2Y.--Analyses of variance of the value of peired lots of cotton stored at
two locations for 0, 3, 6, 12, and 24 months, 1959 crop

Deseription Source iDegrees : Sum FoM : Calcu=
of two-lot : of of = of i i : lated
comparison variation  :freedom : sguares : SETE : F value
Texas origin, ; Length of time : L 43.6148 10.9037 66.812%=
compressed bales, . Initial grade ., L 72.7921  18.1980 111.507%*
Lubbock storage . Storage location . 1 .6183 .6183 3.789
compared with . .
Houston storage . Time x grade Bl I L. 2669 L2667 1.634
. Time x location . L 2.0815 L5204 3.18g#%
. Grade x location , U4 .3278 .0820 .502
; Time x grade x :
. location s 26 2.6106 .1632 --
Total . #g lEE.élED -- --
Califorpia origin, ; Length of time ; L 3.335% .8339 L. 530%
gin standard bales,:; Initial grade = b 20.3906 5.0076  27.680%x
Bakersfield storage:; Storage locatiom : 1 Le27 Lee7 2.513
compared with : :
Houston storage : Time x grade . 16 L.s812 .2863 1.555
: Time x location b 6.7806 1.6952 9.208%*
: Grade x location : b L1769 .OhL2 .24
; Time x grade x ;
: location . 16 2.9453 L1841 -=
. Total . ko 38.6728 42 s
California origin, : Length of time : &4 1.7595 L399 12.4h62%x
compressed bales, : Initial grade : 2 1.1879 5040  16.827#¢
Bakersfield storage! Storage location : 1 L0001 L0001 003
compared with : i
Houston storage ! Time x grade = H 2.5621 .3203 9.0TL %%
: Time x location : b4 167 0367 1.0Lo
: Grade x loecation : 2 .0568 .0284 -805
! Time xX grade x
: location = 8 .2823 .0353 --
: Total 29 5.9954 - =

* Significant at 5 percent level; ** significant at 1 percent lewvel.
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Table 28.--Analyses of variance of the value of paired lots of cotton stored
as flat and compressed bales for 0, 3, 6, 12, and 2k months, 1959 crop

Description . Source :Degrees : Sum } Mean : Calcu-
of two-lot - of : of : of Bt | 3 lated
comparison : variation :freedom : squeres : d : T value
Mississippi origin, . Length of time , 4 9.7488 2.4397  2k.Lol%x
Greenwood storage, Initial grade . b 58.7125 14.6781  1L47.370%*
flat bales Type of bale . .1331 .1331 1.336
compared with .
compressed bales . Time % grade . 16 7.0165 4385 L Log*x*
. Time x bale ik ok 3130  .0785 .788
. Grade x bale . L 1.277h 3194 3.207%
; Time x grade x ;
: bale ;16 1.5940 -0996 -
. Total . kg 78.7962 1] ths
Texas origin, Length of time b 22.9089 s5.7272 35.551%%
Lubbock storage, : Initial grade 3 60.2377 20.0792 124.638%*
flat bales : Type of bale ik .2891 2801 1.795
compared with :
compressed bales : Time x grade : A8 3.4975 L2915 1.809
: Time x bale J .9200 .2300 1.428
: Grade x bale 3 1.9349 L6450 L . 0oL*
: Time x grade x :
bale & 1o 1.9334 .1611 —
. Total 3 1.721 s ™
California origin, ‘' Length of time ¢ & Loh8 .1237 13.159#
Bakersfield storage,® Initial grade * 1 22l Ty 23.90h#*
flat bales : Type of bale : 1 0125 0125 1.330
compared with :
compressed bales P! Time x grade : L 0312 .0078 .830
! Time x bale I .0267 L0067 «T13
! Grade x bale A .0258 .0258 2.745
! Time x grade x °
bale : ks .0375  .009k o
Total

: 19 .8532 -- --

¥ Bignificant at 5 percent level;

=5k~

¥ gignificant at 1 percent level.
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