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Introduction

Certain striking facts characterise the cotton situation. Great
increases in yields are accompanied by great decreases in. acreage. This
combination of circumstances inevitably raises sharp questions as to future

;
trends.

The. average acreage
.
planted to cotton in the United States in the years

• 1941-43 was only about one-half (52.6 percent) as large as the average of
the years 1928-32, (table l). But the production was only about 20 percent
less. Yields per acre increased from an average of . 174

.

pounds in 1928-32 to
253 pounds in 1941-43 - an increase of nearly GO pounds or about 46 percent.

As a basis for looking forward to the production situation . that
might prevail in post-war years, it is desirable to examine and analyze
past trends, to evaluate recent changes, and to appraise new developments
which may influence the extent and location of our future cotton production.
It is the purpose of this report to examine these aspects of cotton production.
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Trends in Acreage

For a long time the acreage planted to cotton in this country
increased steadily, from about 24 million acres in 1900 to about 36
million acres in 1918. A decrease occurred during 1919, 1920 ana 1921
(fig.I), This was the period of heavy boll-woevil infestation, when an
estimated reduction of more than 21 percent from' a full yield was caused
by weevil damage. Meanwhile the acreage in the western areas was increasing,

J

but this increase was less rapid than the eastern decrease. Then came
a sharp increase, largely through expansion in the western areas, between 19211
and 192 6. Then the largest acreage of all time - 46 million acres - was
planted in 1926. Following this peak, from 192 6 to 1932 came a gradual
decline. In 1933, the first year of AAA programs, about 40 million acres
were planted. Since then, the trend has been downward. The 20.5 million
acres planted in 1944 was the smallest acreage of cotton during this
century.

Table 1.- Cotton acreage, production, yields per acre and reduction from
full yield due to specified causes, United States,

1928-32, 1935-39 and 1941-43

Item

Acreage (mil. acres) \J
Production (mil. bales)
Reported yield, per acre (lbs.) 2/
Full yield, per acre (lbs.) jy
FlC duct ion from full yield per acre:

All specified causes (lbs.) 4/
Boll weevil (lbs.)

weather k other climatic (lbs.)

1928-32
average

193 5-39
average

41.4
14.7
174

288

114

32

64

28.5
13.1
225

335

110
25

61

1941-43
avcrare

22.8
11.7
253

571

118

37
58

Change 1941-43
average from

:

1928-32 ri9-'v;-39

average : ave ra go

- 18.6
- 3.0
* 79

* 83

+ 4

* 5

- 6

- 5.7
-1.4
* 28
* 36

f 12

3

l/ In cultivation July 1.

<T/ Per harvested acre.

W Full yield is a calculation of what yield might have been without damage

due to specified causes.

4/ Boll weevil, other insects, deficient moisture, excessive moisture, other

climatic and all oth.r.

Trends in Yie lds

Cotton yields, per acre, remained at about the same level from 1900

to 1914, but the trend was downward from 1914 to 1923, largely because of

heavy boll-weevil damage in the humid areas and the westward movement of

cotton into lcw-yiclding areas (fig.l). From 1924 to 1956 the trend was
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upward; boll-wcoyil damage was less in those years than during the previous
decade (fig. 2). There was a reduction of acreage in some of the low-
yielding areas, and an increase in some of the higher yielding areas was
taking place. Beginning in 1937 and through 194-4 the trend has been
decidedly upward.

Important Factors in Recent Increases of Yield,

Yields of lint cotton averaged 2 8 pounds more per acre during the,

fx. ars 1941-43 than during the period 1935-39. Data pertaining to yields
in 1944 are not available by production areas. Therefore the years
1941-43 are used throughout this analysis to represent the average of
recent years. The indicated national yield of 2 93 pounds per acre in
1944 is the highest on record. The recent average vouid have been
considerably higher if the year 1944 had been included. Several factors
are responsible for this increase.

leather and Insects.- heather conditions were slightly more
favorable in 1341-43, when the estimated reduction from the calculated
full yield because of excessive moisture, deficient moisture, and other
climatic conditions was 3 pounds less than during the 1935-39 period
(table l). The estimated reduction from the calculated full yield caused
by bell weevil, however, was about 12 pounds greater during 1941-43 than
during the 1935-39 period, largely because of the very heavy infestation
in 1941, when it is estimated that its aamage reduced yields by about
15 percent. This is much above average weevil damage and was the greatest

sjnee 1926. The estimated reduction duo to other insects and miscellaneous
causes "was slightly loss during 1941-43 than during 1955-39. The net

reduction from a full yield due to boll weevil, weather, and ether causes

was 3 pounds more during 1941-43 than during 1935-39. In other words,

average yields would have boon 36 pounds more1 instead of 23 pounds mere

in the years 1941-43 than in 1935-39, if weather and insect damage had

been at comparable levels.

Fertilizer.- Increased application of fertilizer has increased

the yields of cotton. During 1935-39, commercial fertilizer was applied

on about 37 percent of the land planted to cotton, whereas 45 percent of

the acreage was fertilized in the years 1941-45. The rate of application

per acre when used also increased from an average of 275 pounds during

1955-59 to 297 pounds in the 1041-43 period. On a pcr-planted-aoro basis,

this is equivalent to an increase of 35 pounds. It has been estimated

that, on the average for the entire country, a ton of fertilizer applied

on the cotton crop will increase production 1.7 bales, which is equivalent

to 0.425 pounds of lint per pound of fertilizer, l/ The increase in the

use of fertilizer has been relatively greatest in the areas where r. sponso

l/ Parker and Lundstrcm, PISAE Plant Food Memorandum No. 1, 1343.
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to fertilizer is better than average* Furthermore, the plant-food content
of fertilizer, has been increased in recent years. On the other hand," the
response to heavier rates of application probably are not so great per
pound 'of fertilizer . as to smaller applications.

Weighing these factors, an average of 0.45 to 0*50 additional
pound's: of lint per pound of fertilizer appears to be reasonable. On
this basis, the increase of 33 pounds oer acre in the use of fertilizer
may account for an increase of 15 to 17 pounds in the yield of lint per
acre between the two periods*

Shift to Higher Yielding Areas y» The proportion of the total
cotton acreage that is planted in the higher yielding production areas
has increased* Table 2 shows the changes in acreage, yield, and pro-
duction of cotton by 14 production areas that are delineated on the map
shown as figure 4* These areas will be discussed separately later, but
it is evident that shifts in acreage among these areas has brought changes
in the national average yield per acre. For example, the acreage in the
Deltas which are hi?h—yielding areas, represented 14*4 percent in 1935—39
and 16 «3 percent in 1941-43* On the other hand, the acreage in the Sandy
Lands areas, which are low-yielding areas, represented 9*3 and 7.9 percent
of the total acreare during 1935-39 and 1941-43 respectively* If the
same percentage distribution of acreage had occurred in 1941-43 as in
1935-39, with 1941-43 area yields, the average yield per acre for the
United States vrould have been about' 9 pounds less. In other 'words, it
appears that shift in acreage among production areas is responsible for
an increase in yields of about 9 pounds per acre between the two periods*

Other Factors .~ -At least three other important factors contribute
to increased yield oer acre, but do not lend themselves to a quantitative
analysis, (l) Land selection - as the acreage of cotton has decreased it

is probable that the better lands within an area and within the boundries
of individual farms have been planted to cotton, for this crop usually
has the first choice of land on most cotton farms* (2) Better varieties
of seed - there has been an increase in the orooortion of the acreage
planted to locally adapted varieties of seed. (5) Increased use of
legumes — the acreage of both winter and summer legumes that are left on
the land or turned under green has increased. AAA records indicate an
average of about 5*7 million acres so used annually during the period
1936-39 and about 8*9 million acres per year in 1941-43*

The factors affecting changes in yields from 1935-39 to 1941-43
may be summarized roughly in tabular form*

Yield changes due tot Lbs, lint oer acre
Increased use of fertilizer 15
Shifting of acreage among areas 9

More favorable weather 3

Less damage by causes other than weather and boll weevil - 1
Land selection, better varieties of seed, more legumes turned

under, other conservation practices and other factors 12
Decrease caused by greater boll-weevil damage — 12

Net increase 1941-43 over 1935-39 28
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Yield, Changes from 192 3-52 - 1341-45

A similar analysis of the factors responsible for the increase in
average yields per acre between 1923-52 and 1941-45 may also be summarized.

Yield changes due to ; Lbse lint -per acre
Increased use of fertiliser 25
Shifting of acreage among areas 20
here favorable weather 6

Land selection, better varieties of seed, more legumes
turned under, other conservation practices and other factors 58

Decrease caused by greater boll-weevil damage - 5

Greater reduction from causes other than weather and weevil, - 5

Net increase 1941-45 over 1928-52 , 70

One factor included in the 1928-52 and 1941-45 comparison was net a
factor in the 1055-59 and 1041-45 comparisons — that is, the .possible change
in the concept of an acre. Before the AAA program began, farmers usually
thought in terms of "gross acres 1

' which did not make allowances for land
occupied by ditches, turn rows, house sites, and the like* In later
years they have thought in terras of "net acres" - of land that is actually
growing cotton* It is difficult to place a quantitative estimate on its
effect on yield. It is no doubt of some importance in some areas.

Changes by Production Areas

Although both acreage and yields for the Cotton Belt as a whole
have shown rather definite trends, the changes have not been uniform as

between different parts of the belt. An examination of changes by areas
is therefore desirable. For this analysis the Cotton Belt has been
delineated into 14 production areas, as indicated in figure 4. The land
within each of these Production areas is fairly homogeneous in regard to

physical conditions, and. the types of farming followed are rather similar.

Table 5 and figures 5, G and 7 show wide variation in acrea~e,

yield and production changes among the areas. An analvsis and discussion
of the situation in each area fellows.

Coastal Plains Areas

The trend in the acreage of cotton in the Coastal Plains areas
has been downward since the advent of the boll weevil, about D.015. The
acreage decreased about 25 percent between 1909 and 1925; weevil damage
was greatest in the latter part of this ^eriod. Between L:24 and 1051,
a period of relatively favorable nrices and of less damage by boll
weevil, the acreage was maintained at a fairly uniform level of about
6 million acres but following the low prices of ..1951 and 1952, it dropped
to about 5 million acres in 1~33. Since the inauguration of the AAA
programs the trend has continued slightly downward*
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COTTON ACREAGE-TRENDS BY PRODUCTION AREAS,
UNITED STATES, 1928-43

ACRES
(MILLIONS)

1944

U. S. DEPARTMENT OF AGRICULTURE N EG . 43966 BUREAU OF AGRICULTURAL ECONOMIC J

Figure 5.- Trends in cotton acreage have been downward inaLl areas except the irrigated areas since the
1928-32 period. But the decrease has been much greater in some areas than in others.
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COTTON PRODUCTION TRENDS BY PRODUCTION
AREAS, UNITED STAT E S, 1 9 2 8 - 4 3

BALES
(MILLIONS )

Irrigated areas ——> High Plains

if I

Texas Blackland —— Texas grazing

+-H Sandy land — Cross Timbers

Ozark and Ouachita Mountains
and Valleys

928 944

U. S. DEPARTMENT OF AGRICULTURE NEC 43987 BUREAU OF AGRICULTURAL ECONOMICS

Figure 6.- (Jotton production, in most areas, has been smaller in recent years than during the 1928-32
neriod. Three areas, however, show an increase.
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COTTON YIELD TRENDS BY PRODUCTION AREAS,
UNITED STATES, 1928-43

POUNDS

600

450

300

150

300

50

300

1 50

Piedmont Coastal Plains
.

1

Coastal Prairies ™ — « Oklahoma Prairies

_ 1 1 m 1 1 1 1 Low Plains

I
I ~ \

Texas Blackland —— Texas grazing

Sandy land areas » Cross Timbers

Ozark and Ouachita Mountains —
and Valleys

1928 1930 1932 1934 1936 1938 1940 1942 1944

U. S DEPARTMENT OF AGRICULTURE NEG 43988 BUREAU OF AGRICULTURAL ECONOMICS

Figure 7«- Yields, ner acre, have increased during recent years in most areas. But the increase has
been much greater in some areas than in others.



With the decrease in cotton planted have come increased acreages

of peanuts, ' vegetables, and feed crap's.; .hut there has been a decrease

in the acreage devoted to crop' production.

During the war the acreage c.f peanuts has -dncf eased materially

and the decrease in the, cotton acrea'ge_has continued. It is estimated

that: only about 2.8 million acres were plant c to. cotton In 191+3 arid

that' the a creage was still less in- I9hh*

The trend in yields per acre was slightly downward between 1909

and 1923, the per.iod of heaviest bollrweevil dama,go, but it has been

upward since 192.3k, The average yie.ld. in the years 1928-32 was about

190 pounds compared with 2I4.O pounds ' in 1935-39 and 2l+3 pounds in 19^-1-^+3 •

In much of the area farms are' snail/ and small-scale equipment is used

in growing cotton. Therefore, the ,man labor required ±0 produce an acre

of cotton is high in comparison with areas using larger equipment.

Practically all of the' land on which cotton is planted is heavily

fertilized with complete commercial fertilizer,

Piedmont Areas

In general, changes in acreages and yields in the Piedmont areas

have been rather similar to those in the Coastal Plains areas and have

been subject to the same Influences. But as there are fewer opportunities

for substituting other cash crops in the Piedmont areas, the reduction in

cotton acreage has resulted in a relatively greater decrease in acreage
of land devoted to the production of all crops. The staple length and
quality of cotton produced in the Piedmont is generally superior to that

produced in the Coastal Plains,

The topography of much of these areas is rough and the soils are
rather erodible. Continuous row-crop farming and leaving of the, land
bare during the winter have accelerated erosibn. Reductions ' in the
acreages of row crops together with increases in small grain, other
close-growing crops, and winter legumes are needed to conserve the soil.
These adaptions probably will mean larger farms.

During the war -a considerable number of farm people have left
the Piedmont areas to take other work.. If they remain in these jobs
the farmers who" remain will have a chance to increase the size of their
operations, and perhaps to become less dependent upon cotton for income.

: Eastern Hilly Areas

There was a steady increase in the acreage planted to cotton in
the Eastern Hilly areas, from about 3«5 million acres in. I9G9 to about
U»5 million acres in 1930« A slight decline occurred between 1930 and
1933 • During the period 1938-42 the /acreage was , decreased only slightly
which indicates "that most farmers planted feirly close to their
allotment acreages. This is accounted for partially by the fact that
cash-crop alternatives are limited and partially by the tremendous
Increases in yields which tended to increase the . competitive position



Table 2.- Proportion of the United States cotton acreage. and, production in
various production areas for specified periods JL/

' -
.

Acreage Production
Production area

sl955-39 :1941~43 • >1928~3*c tl955-39 : 1941-4

average ; average : average : average jav-rrage :averag<
Percent Percent Percent Percent Percent Percen

Delta -
«
, 13.2 -•

;

14o4 16,3 i 17,4
Eastern Hilly "

j

10«7 10*9 11.5 ! 11,7 12,.8 "1 ^«8

Coastal Plains : 13*6 14 13 6 : 14,5 1 R.-R "I 2 „R

Low P.i.ri.ns :
- 12*9 11*7- 11.8 9 9

Piedmont '
'

i 7o8 7o5 7.6 9 C8 R^7

Texas Blackland : 13«7 12 7 llo6 11.7 P« 7

Irrigated i• 1.4 2 ©6 3.3 ; 3 1 R.2

High Plains j .. 3.6 4.9 5 5 2.7 \ro- so A. 7

Sandy Lands • 10,6 9.3 7.9 : 8.7 5o6 4,6
Gulf Coastal Prairies i 3*4 3.7 3c5 % 7 3o4 5.2

Ozark Ouachita !

Mountairs ai d Valleys !: 3,4 2*9 2 8 r 2,9 2 o2 2.2
Texas fe;azi'ng : £ o 5 2c4 (C o2 : JUS 1«2 lo2
Ok ;.ah sma Prairies 1*4 1.4 lei •

:
' lo2

:

c6 .7

Crosc Timbers 1.8 .
1*6 1,3 : l c2 c-9 .7

1/ Areas arrayed by their relative importance in production in the years
1941-43, • i

•

Table 5.- Acreage, yield per acre, and production of cotton by production areas,

1941-43 average as a percentage of 1928-32 and 1935-39 averages

Production area

1941-43 average as a .percentage of
1928-32 average

Acreage : Yield : ^^o-
: : tion .

Percent , Percent Percent

19 35-39 average

Acreage s Yield : Produc-

: tion
Percent Percent Percent

"Coastal Plains ! 55 128 71 : 77 96 68

Piedmont !: 54 122 65 ! 81 102 82

Eastern Hilly : 59 159 94 i: 84 114 96

Delta : 68 179 121 : 90 115 103

Sandy Lands : 41 101 42 68 84 58

07 ark Oiiachita

Mountains and Valleys : '46 . 124
'

•57
;

• 77 105 31

Texas Blackland : 47 98 .46 : . 73 94 68

Gulf Coastal Prairies : 57 120 • 68 :: 75 Ill 83

Cross Timbers 1

! 33 114 45 :: . 61 lio 67

Oklahoma Prairies : 41 122 50
i
;• 62 175 110

Low Plai ns i 50 139 70 : 81 152 122

High Plains : 84 153 133 :: 91 122 110

Texas Grazing : 48 125 65 ! 72 131 94

Irrigated t 127 122 155 : 101 86 86
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of cottort :

. ••The -average yield' 1

• of 308 : pdund£ obtained in ;-these
t

area's-
1 in 1941-43 is

60 percent higher -than-"the i928-i32 : average yVtod' over 15' 'percent higher •than' the' :

1935-39 average. Perhaps the most influential factors in these increases, are. .
'•

increased use of commercial fertilizer and legumes and the selection of the
better land for cotton. The application of fertilizer is still not so heavy as

in the Piedmont and Coastal Plains-' areas," has the percentage of acreage
fertilized been so great. Further substantial increases in the use of fertilizer
might occur which- would- bring ''further ''-increase in yields .'- -

In- general, family-sized owner—operated farms predominate in those areas,
and one-row' mule equipment is- the most common*' type used. Ifiich of the area is

hilly 'and so is not conducive to the; maximum : -use of large—scale equipments

-'• « '••
z

- -
•'' -Delta ' Area's '-'•-

•'

'

'•'-'•

'

''•' '- :

Cotton has had a decided income advantage over other crops in the Deltas

of the LUssissippi River and its southern tributaries for many years. Large in-
creases in per' acre yields iri recent years have tended to increase this advantage.
Average yields of 413 pounds, obtained in 1941-43, are- nearly 80 percent higher'
than the 192££-32 average and nearly' 15 percent above the 1935-39 ''average . The •

increase in yield's has" been- so great that these 'areas have actually produced"more
cotton in recent years than' they produced In the 1928—32 period when d." considerably
larger acreage was grown (fig. 6),

The trend in cotton acreage was; upward from- about 2.5 'million acres in 1909
to nearly' 5.5 million acres" in 19357'-

" Wren" AAA allotments 'were - in ; effect these'-

farmers planted very close to their'-' allotment's ;
; Little change -in the ''acreage has

occurred since 1934.' The acreages planted in 1943'- and 1944 were' slightly less
than in 1941y mainly because of a shortage -of laborers—-^when more are available
the cotton acreage is likely to increase materially.' It ;is doubtful, however, ' that
farmers in these areas would plant as large a percentage of their cropland in
cotton as they did in the 1928— 32. period, even without acreage restrictions. But
since new land has been and is being brought into "Cultivation, the total acreage
of cotton in. these areas, under conditions, favorable to cotton production, might
exceed that . planted", in the. 1928-32 period. ..,'_ .

.
..

.. The Delta areas have increased in relative importance as cotton producing
country.. During the years 1928—32 they accounted for. about 17 percent of the
total production in the United.States, whereas in 1941-43 they 'accounted for. nearly
27 percent of the total.. .'. ...

A considerable portion of these areas is in large "farms or plantations'.

The land is level and is.well adapted to the use, of tractors. The proportion of

the [cotton, planted and,cultivated.with tractors has been.'greatly increased; with—,

in the last 10 years. If the performance of the mechanical cotton picker, and. the
flame cultivator that are now being reported upon can be realized in common
practice, these implements are likely to be adopted rapidly in these areas, es-
pecially if wages are high. This would give cotton additional advantage over
competing crops within the Delta areas, and perhaps over areas that are not so
well adapted to mechanization.
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Added expansion and an intensification of the use of commercial fer-
tilizers and winter legumes are likely to occur and this Mil further increase
yields per acre.

Sandy lands Areas

Cotton acreage in the Sandy Lands areas increased rapidly between 1909
and 1925, The period of greatest expansion in this as in many other areas west
of the Mississippi River coincided with a period of considerable reduction in
the eastern part of the Cotton Belt. The area was overexpanded, however, and
after 1925 the cotton acreage decreased about as rapidly as it had expanded.
In 1933 about 4 million acres were planted in these areas—representing a
decrease of about 22 percent from the peak acreage of 1925. The decline con-
tinued during the period of acreage restrictions and during World War II. In
1943, only about 1.6 million acres were planted and the acreage in 1944 is still
smaller.

Farmers here have not used fertilizer to the extent that farmers have in I

the eastern part of the belt* In most sections of these areas the yields are
much lower than they are in the Eastern Hilly areas. Yields have not increased
in recent years as much as in most other areas. In fact, the average 1941-43
yields were about the same as 1928-32 average yields.

.

The methods of production are virtually similar to those in the eastern
production areas. Preharvest labor requirements are somewhat lower because less
hoe work is required on' the lesser weed and grass growth.. There are many small
owner-operated farms that are not well adapted to mechanization because of
topography. Many farm people have left to work elsewhere, and some of the crop-
land has been. left idle; if a substantial number of them remain in off-farm jobs
after the war, the acreage devoted to cotton probably will continue to decline.

Ozark Ouachita Mountains and Valleys Areas

Cotton acreage in the Ozark Ouachita Mountains and Valleys areas,
particularly in the hill and mountain sections, has declined rapidly for 15 years..
In fact, cotton has disappeared entirely from many hill farms » The valleys of the
Arkansas and Red Rivers and their tributaries in Arkansas and Oklahoma account for
a considerable part of the remaining acreage, and are responsible for the
relatively high average yield. In the rougher parts of these areas, feed crops,
pasture, and livestock numbers have increased. These appear to be desirable
long-time adjustments..

Cotton production probably will continue as an important enterprise on
the valley farms but seems likely to decline further in the hill and mountain
sections
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Texas Blackland Areas

Acreages 'planted to cotton in the Blackland increased rapidly from 1909

bo 1925 when almost 7 million, acres were planted* Since 1925, the trend has

been downward, and it is estimated that only about 2,6 million acres were

planted in 1943. The relative importance of these Blackland areas in United

States cotton production has: declined materially during recent years* In the

1928-32 period they produced nearly 12 percent of the total cotton, whereas

in 1941-43 they produced less- than 7 percent * •: • <

Evidently, in most of these areas
- cotton does not give much response to

commercial fertilizer and very' little is used. Yields have., increased less in

the Blackland than in any major producing area,, in fact the- average yield dur-

ing 1941-^43 was 3 pounds less than the 1928-32 average. Continuous cropping

and erosion have reduced' the fertility of the soil- in many- parts; in other

parts root rot materially reduces the yield. -Acreages devoted to feed crops
.

and pasture have been increasing, particularly on the shallow soil phases, and

on the more rolling lands.. Livestock numbers also have increased* In the

level areas and on the deeper soils, cotton yields are relatively higher, and

cotton has a relatively greater advantage.

Much of the cotton acreage is worked with tractors >
and labor required

for chopping is considerably lower than in -the eastern part of the belt.

Despite these offsetting advantages the trend toward feed .crops and livestock

may continue unless cotton prices ..become more favorable in relation to live-

stock prices than they are at present.

Gulf Coastal Prairies Areas

In the western part of the Gulf Coastal Prairies areas cotton is the^

most important cash crop. About one-third of it is grown in the Corpus Christi

area in Texas, (Nueces and San Patricio Counties). Farmers in the Corpus

Christi area plant a larger percentage of their cropland in cotton than do

farmers in any other part of the Cotton Belt. Before 1934, over 75 percent of

the cropland^was devoted- to cotton and in 1943 nearly 50 percent was so used.

Farms are rather large and cotton is planted and cultivated with tractors and

picked by itinerant wage laborers. In other parts of these Coastal areas,

cotton is grown on the well-drained dark soils where it has an advantage over

other crops under usual price relationships . >
•

The acreage trend has been slightly downward in recent years, whereas,

during this war the acreages of grain s orghum and winter and early spring

vegetables have increased materially..

The level topography and the -fact *te't weed, and grass growth is only-

moderate, particularly in the western part, are conducive to complete mechaniza-

tion of cotton production. Cotton planting probably.will.be increased after

the war if price relationships are reasonably favorable to cotton production.
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Cross Timbers Areas

Cotton yields are very low in the Cross Timbers areas, particularly

in the Texas portion. The soil, which was not very fertile in its virgin

state, is very susceptible to erosion and has "been badly depleted* ^Ihe

trend in acreage has "been decidedly downward, In 1943 the acreage in the

Texas portion was only about one-fifth as large as" in 1928 and in the

Oklahoma portion it was only about 40 percent of .the 1928-32 average.

In parts of these areas peanuts have replaced cotton to a ^ large

extent, and this crop appears to have, a considerable advantage with

present price relationships. Acreage is likely to •continue- downward,

unless cotton prices are very favorable in relation to those of other

crops and to wages off the farm.

The topography of most of these areas is rough to- rolling and

does not lend itself well to mechanization.

Oklahoma Prairies Areas

In the Prairies areas the clay soils predominate; they are better

adapted to the production of small grains than to cotton* Therefore,

under bast price relationships wheat has had an income advantage over

cotton" in most years. But within these areas, particularly in the. southern

part, are some sandy soils upon which cotton, under usually existing price

relationships, has.-an income, advantage over wheat. This' is one of the

areas in which cotton and wheat meet. The trend in acreage ^ has boon

downward particularly since 1934 when drought reduced the yields per

planted acre to only" 59 pounds. If prices for wheat and other small grain

are favorable in relation to prices for cotton a continued decline in

cotton acreage may occur.

High Plains Areas

The High Plains area is characterized by large-scale, low-cost

production and by coarse, short-staple cotton which is frequently low in

quality.

Cotton production is highly mechanized. Only a small .-mount of

labor is required for chopping, and the cotton is harvested by snapping

the entire boll, which is largely done by itinerant wage workers.
_
One

man can handle 200 to 300 acres up to harvest time except for a little

extra labor in chopping out big weeds. It is estimated thnt with 2-row

tractor equipment cotton can be produced up to that time with .-bout 6

man hours per acre (3 hours for preparation, slanting and cultivating,

and 3 hours for ho*lng)i The total labor required for land preparation,

planting, and cultivation- arc' 1 to ll hours less where 4-row equipment is

used. Harvesting ,-nd hauling to the gin together requires ribout 15 hours

'when cotton is snapped .by hand.*- '

•

..
.";

Acreage was expanded rapidly from about 1915. to 1933', and reached

its peak in 1937, when- about 1.9 million 'acres were planted. During the

last 10 years, except for 1937, the vacreage- has been- fairly uniform from

year to year.
1 '"-'

... .
-.a ,.

; um
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With the price relationships th t prevailed for 10 years before
this war, cotton had a high income advantage over other crops. During
the war years grain sorghum prices have, been relatively high. This,
coupled with the introduction of a high-yielding grain sorghum that can
be harvested with a grain combine, has placed grain sorghum production
in a more favorable position and shortage of labor also lias favored the
combine type of grain sorghum. Had it not been for these developments
the cotton acreage in 1944 probably would have been increased over recent
years.

Mechanical cotton strippers have been developed and were in
limited use in 1944. It is reported that these strippers are both
mechanically and economically satisfactory, and that an acre of cotton
yielding 200 pounds of lint can be stripped with 2 hours of man labor.
If this holds true in general practice an acre of cotton can be oroduced
and harvested with 8 hours or less of man labor. This development may
stimulate an increase' in acreage in the immediate post-war period.

Low Plains Areas

Cotton production in the Low Plains is rather similar In many
respects to that in the High Plains and has similar possibilities. In

general, however, the land is more rolling and is not quite so well adapted
to mechanization. Cotton is grown to some extent on what is locally known

as "tight land", and on these soils wheat competes more favorably than on

sandy lands. Vfeed growth is something of a hazard, as the average rainfall

in part of these -areas is higher than in the High Plains, therefore, more

labor is usually required for chopping.

The acreage planted to cotton has decreased relatively more since

the years 1928-32 than in the High Plains. Yields during the last few

years have averaged considerably above 192B-32 jrields, largely because

of above-average rainfall and better land selection.

Advantages accruing to the High Plains from the development of

a successful and economical stripper will be shared by most parts of

the Low Plains areas. The ac_eage is likely to increase over the present

if the price relationship between cotton and grain sorghums is favorable

to cotton.

Texas Grazing Areas

The grazing of cattle, sheep, and goats is the predominating
enterprise in the Trans-Pesos, the Edwards Plateau, and the riio Grande

Plains areas of Texas, but some crop farming is scattered throughout
these areas. In 1928 and 1929, years of relatively high prices for

cotton, about 1.2 million acres were planted to this crop. The acreage

trend in general, however, has been decidedly downward, particularly
during the last 5 years when an average of about 0.5 million acres ha 1^.
been planted annually.

In soiile sections within these areas cotton is produced under
irrigation; arid increased acreage in these sections, along with favorable



weather, may account for the, increases in yields.. Under dry- farming
conditions yields, are variable and in the average >are very low, being
only 134 pounds in 1928-32 when rainfall averaged above normal. Extensive
methods of production are used. .

, .-v.

Grain sorghums and other feed crops have tended to replace cotton

during the last few years. If favorable feed prices in relation to cotton
prioes prevail, the redaction in cotton acreage may continue, with the

re euro that cotton will be produced only in the most favorably situated
areas. The acreage-. of i rriga ted cotton may increase.

Irrigated Areas

A major portion of the cotton in California, Arizona and New Mexico
and in El Paso County, Texas, is grown under irrigation; in this report

all in these areas is considered as irrigated cotton.

The acreage in these areas has increased rapidly since 191D, when
only abou;c 275,000 acres were planted to cotton, About 1,125/DOO acres,

the largest acreage on record, were planted in 1937. Since then the acreage
lias been decreased and averaged ab -nit 750.000 acres dur ing .1941.--43. . The
acreage of vegetables and alfalfa have increased . during this war largely
because of relatively- favorable prices for these commodities; Mainly in

response to the program of the War Food Administration the acreage of
American-Egyption cotton was increased materially in 1942 and 1943 when
an average of about 165,000 acres were planted.- -fflhen it became apparent
that the need for domestically produced cotton of this kind was not
urgently needed the acreage in 1944 was reduced to about 14 ,000 " acres

.

Yields also have increased materially - from an average of 390
pounds per acre in 1928-32 to an average of 474 pounds per acre in 1941-43.
This increase is due in large part to better irrigation methods. Other
causes are the adoption of varieties better, adapted to irrigation -and a

shift of the acreage into sections within these areas that are better
adapted to cotton production.

The irrigated areas probably have expanded cotton acreage to near
the limit of land and water resources and of profitable competition with
other crops. Therefore, cotton acreage in these areas may remain at about
the levels of recent years unless new land is brought in or unless the
relationships between the prices for cotton and the prices for competing
crops change materially.

Variations within Production Areas

This discussion has been primarily in terms of rather large areas '.M
within which the resources used in cotton production, as well as the
problems involved, are fairly homogeneous. The more important differences
in the changes in cotton production among these areas have been mentioned.
An analysis involving smaller areas' might show other variations within
each of the production areas discussed in this report. It should- be
emphasized that even though they are not brought out in this comparison,
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important differences do exist among farms and localities within each

of these broad areas. Furthermore, only the major changes, have been

discussed. Data showing year-to-year changes in acreage., yield, and

production of cotton by production areas, are presented in supplementary-

tables 7, 8, and 9. Data pertaining to' the application of fertilizer,

by States and by years, are shown in table 10.

^

Post-war Implications of Recent "and Impending Changes

Some of the adjustments made during this war, and some:. of the

factors that were influencing cotton 'production before the war will
continue in effect in the post-war years.

Tield Prospects

Higher yields are here to stay. Yields per acre have increased in

nearly all production areas during recent years, but the extent of

increase has varied considerably among them. A small part of the increase

for the Cotton Belt as a whole can be attributed to more favorable weather
but, as previously indicated, a large part of it must be attributed to

other causes.

The rather sharp recent increase in yields resulting from
successively larger applications of fertilizer per acre may not continue
at the same rapid rate, but in most production areas, "where the .land

responds to fertilizer, experimental data indicate that, under most farm
conditions, the p^int of diminishing financial, returns has not been
reached - even with prices for cotton and cottonseed considerably lower
than at present. A continued expansion of the use of winter legumes also
is likely, and this practice will tend to increase

.

yields

.

Some very important results have been obtained from the development
of better variations and strains of planting seed - seed which produces
heavier fruiting and plants that mature more quickly, thus ' lessening
the damage done by boll weevil. Increasing attention is being given by
plant breeders to the selection and development of strains adapted to
local conditions. The increase in the. use of the better proven varieties,
as well as the breeding and selection of new and higher yielding varieties,
is likely to be accelerated. Intensification of boll-weevil control can
be expected and techniques improved in accomplishing this task.

•All of these developments will tend to increase the yields, so it

seems reasonable to expect that with average weather, yields in the post-
war years will be considerably above the recent high yields, unless there
are significant shifts from higher-yielding to lower-yielding areas.

Cotton and Alternative Crops

Several factors have contributed to a decrease in the acreage
devoted to cotton during the war. Perhaps the two most important are;

(1) The decrease in the supply of farm laborers and the attendant high
wages and (2) The increase in the acreage of other crops. Prices for
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peanuts during the war have been sufficiently attractive for this crop to

compete favorably with cotton fcr the use of land i-nd labor in many areas-.

Grain sorghums and wheat have competed favorably in some other areas, and
vegetables in still ether areas. All this naturally brought a decrease in

the acreage of cotton. Feed crops have been increased at the expense of
cotton in some areas, not necessarily because this meant higher net returns
per acre, but because a given labor force could handle a larger acreage, re-
sulting in a greater tc tal net farm income.

Will these factc rs continue to affect the size of the cotton crop
after the war? It seems reas. nably sefe to assume that more laborers will
then be available for ft rm work, hill war workers from the farms return to

the same areas they left? In general, people will return to les ; - remunerative
farm jobs only if better paying jobs off the farms are not available, borne

who return to farming will try to go to the areas that have the best possi-
bilities. If off-farm work is not available and the better farming areas are
already fully occupied seme will return tc the poorer farming areas.

Will as much land in the Cotton Belt be used after the war for the

production of cash crops other than cotton as has been used during the war?
Indications point toward reduction in some of these crops, but higher levels
will be maintained under prosperity conditions than if depression conditions
prevail.

In recent years and particularly during the war there has been con-
siderable industrial development in the oouth. If this can be accelerated
it will provide work fcr farm people who are not needed in cotton production
and will furnish an expanded market outlet for loca ly produced milk, eggs,

meat, fruits, and vegetables.

Maintenance and improvement of soil fertility in the South needs much
more attention. Systems of farr.ing that have less row crops but more small

grains, other close-growing-crops, and winter cover crops should be adopted
in many areas in the Cotton Belt. The adoption of systems of farrring "hat

will bring soil improvement and that will provide additional quantities of

fruits, vegetables, and livestock products to meet expanded local markets
would require a reduction in the cc tton acreage in s^me f rees compared with
the acreage grrwn in the years that immediately preceded this v.ar.

Techanization of Cotton Production

Little change in the type of me chinery ' used in producing and

harvesting cotton has taken place during the lrst 40 years, except fcr

the increased use of tractor power for land preparation end cultivat i<~n. s

Increased use of larger pov er units has brought a reduction of man-labor
requirements in land preparation, plehtinc. end cultivation, but it has

had little or no effect i. n the- peak labcr operations -- chopping and

picking. To some extent the continuance cf these laoor peaks has limited

or retarded the edoption of tractor power in cotton production. The

only significant exception is foun 1 in seme if the sub:iumid areas v.here

the w< rk is minimized because of the relatively small infestations of
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•weeds: and where the harvesting, although still performed by hand, has
been speeded up materially by snapping the entire boll instead of
picking the lint* Separation of burVs from -the »lint is a pre-ginning
operation performed nBchanically at the gin; it has been limited to
the subhumid areas where short and rather coarse—fibered cotton is
produced and where all the cotton bolls open at about the same time*

Engineers for many years have attempted to* develop .a machine
that would harvest cotton. Two types of harvesters are now in limited
use. Many think that each of these types of machines will harvest .'.

cotton successfully and economically* One is a stripper type which
removes the entire boll" from the plant and is designed for use in
areps where snapping: is practicable. The other is a mechanical picker
which oicks -jhe lint from the boll, leaving the burrs on the stalk

•

The flame cultivator, a . machine ^designed to reduce or eliminate
hoe work in cotton, though still in the experimental' -stage, is being
used to a limited extent. Other types of mechanized cotton choppers
are being experimented with. Cross cultivation to reduce hoe work is
being practiced in some areas c

These machines may or may not be improved to the stage at which
they will be ready for widespread use. Nevertheless, some appraisal
should be made of their possible effects on cotton production. If their
performance in general farm use proves as successful and economical
as recent reports would indicate, they are likely to affect cotton
production much as the adoption of the more recent machine methods
affected -wheat growing*

The following discussion and tables 4 and 5 should be considered
only as rough approximations of probable results from use of these
machines. As soon as more information becomes available a more accurate
appraisal should be made© (The Bureau of Agricultural Economics is
cooperating with several State Experiment Stations in obtaining informa-
tion on performance and costs of operating mechanical pickers and strippers.)

"When they are mechanically' satisfactory, one—row units of these
machines could be expected to cover 6 to,. 8 .acres per day* Two—row
units could cover 10 to 15 acres per day. Using these assumptions and
estimated labor requirements for pre—harvest operations, estimates of
man-labor needs for producing cotton with different sizes of equipment
and harvesting methods have been calculated and are given in tables 4

and 5.

These estimates indicate large reduction in man-labor require-
ments with the use of these machines* On the basis of these assumptions,
total man—labor requirements in the High Plains areas would be only about
onewthird as great with the use of a two-row stripper as with hand
snapping. In the Delta areas the percentage reduction would be even
greater. With the use of a one-row mechanical picker and a two—row flame
cultivator, the estimated man-labor requirements would be less than one-
fifth as great as when one—row mule equipment was used and the picking
was performed by hand*.
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Table' 5»~ Estimated man labor needed, per bale, to produce cotton with

different types of power and equipment and with various methods of

harvesting, in specified Production areas

Production area t Type of equipment

_
.

^ Total man

: Method of harvesting : labor, all

: operations 1/

Pi ph Plains x

•
*

2-row tractor : Snapped by band' : 54

t

High Plains : 4-~row tractor : Snapped by hand : 51

t

High Plains 2/ :

Blackland :

4~row tractor "

2-row tractor . :

2-row mechanical .

'

stripper i

, Picked by hand
:

'

15
143

Sandy Lands : 1-row mule i i Picked by hand : 235

Delta 1 -»r*nw mill p> : Picked by hand 160
:

Delta : !
4—row trp.ctor : Picked by hand ! 143

Delta Zj

Delta

. 4~row tractor

: 4-row tractor and

: flame cultivator

: 1-row mechanical

: picker

: 1-row mechanical

: picker

\ 52

I 3/ 28

Coastal Plains : ^*-row mule

:

Picked by liand
:' 230

Coastal Plains
:

: 1—row mule
•

l

: Picked by hand
•
• -

i 208

Hours

See footnotes to table 4<
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Alt^ou^h specific production areas are used in tables 4 and 5 to
illustrate the effect of these machines on the labor needed to produce
cotton, it should not be inferred that the High Plains and Delta, areas
are the only areas in which mechanical equipment can or will be used.
But they may be among the first to adoot the new machines* In general,
the areas in which the land is relatively level anc1 the farms are large
will be the first in which mechanization will be increased*

Two Ways of Reducing Cos.ts

There are two important ways in which production practices may
affect the cost of producing cotton in relation to the value of the product*
Une is mechanisation which reduces the labor required to produce cotton*
The other is by increasing the yields per acre - often at the same time
improving the quality of the product* Both of these factors are likely
to be in operation in the post-war years. In general, the production areas
and farms which have the greatest advantage in one or both of these
developments are likely to maintain favorable competitive positions in
cotton production* This is true in regard to their.- relation to other
areas and farms in this country and in their relation to foreign production*
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COTTON ACREAGE TRENDS IN SPECIFIED PRODUCTION
AREAS, 1909, 1919, AND 1923-27

INDEX NUMBERS (1928-32 = 100)

PERCENT I I I I

'

1 1

1

1909 1919 1923 1924 1925 1926 1927

U. S. DEPARTMENT OF AGRICULTURE N EG. 43989 BUREAU OF AGRICULTURAL ECONOMICS

Fieure 8»- The acreage of cotton in all areas except the Piedmont and Coastal Plains was smaller in
1909 and 1919 than during the period 1928-32. Between 1919 and 1926 the trend in all areas was upward.
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COTTON YIELD TRENDS IN SPECIFIED PRODUCTION
AREAS, 1909, 1919, AND 1923-27

INDEX NUMBERS ( 1928-32= 100)

PERCENT

125

100

75

50

25
125
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75

50
150

125

75

idy land \-—-
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\
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i

l

i
1

1909 1919

U. S. DEPARTMENT OF AGRICULTURE

1923 1924 1925 1926 1927

NEG 4399Q BUREAU OF AGRICULTURAL ECONOMICS

Figure 9.- In general, average yields during the 1928-32 period were higher than yields in earlier

years—1926 was an exception when high yields prevailed in most areas.
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O CO CO CV^ ^ CO

CV CD 00 CD
LO -vJ

1 "Nh

CV rH CD CO
LO LO ^ CO

CV CD CD CD
CO LO LO LO

CO LO rH C-
LO ^ CO

O CD: CO O
D- CO' CD CD

LO CO CD O
CO LO LO CO

CD LO tO CO
LO LO LO LO

CO CD CD rH
CO LO LO LO

05

CV CDD «
• • CO to ^
CD I 1 1

MOO LO rH
03 CV CO

COD CD CODOHHH

85 COD

cv o>
CD CD

O rH CV CO
CO CO CQ CO CO
CD CD CD CD CD
rH rH rH rH rH

LO CO CO CD
CO CO CO CO CO
CD CD CD CD CD
H rH rH rH H

O rH CV tO
"^f "Nj 1

CD CD CD CD
rH rH rH rH



- 30 -

03

tsfl

Ed

u
0)

>
d

Oi
to

I

CO
CV
Oi
rH

<H
O to

0)1
bOCO
d (V
-p cn
£ rH
CD

O «n

f-i CO

CD 03

Oh o
in

d d
co

d
C
o
+3
-P
o
o

CM
o

a
o
•H
•P
O

O

I

GH
d
En

•H CU

?H -P
Sh dH bo

CO

•H
d
rH
Oh

CO
«—i >-t

M-H

fin

CO 1

cs ea fcs

M o5 C
0) ?h -H
En CO

CO
CO

o
uo

w I

cJ M t
« o code.
EH rH

CO

d
-pM -H

Ph rd cr

d o hJ -P
n d°6
H
d

«H -P
rH CO

3 d
O O
O Oh

f>i CO

id Tl
G C
d crt

CO M
d
-p
rH
0)

Q
I >,

P> C H

d co

P c
co -H
d d
O ,H
O Oh

+3 O CD LO CO CO to LO LO o rH LO to o LO rH rH C5
o r> LO C5 rH CV CD CO 05 rH O C- CO to c- O CO CO to
p

,

r l
,
—

1

1 1 l l 1 1
- 1Hi - I

1 1
I

1 1
, 1 CV __J

1 1 1 1 I I 1

1

-p o m CO CV to 05 CO CO 05 CO CD CV O rH o CO o LOo LO CO O C5 LO c CV rH CV CO CO CO LO CO o CO ^
rH rH rH rH rH

•

-p O LO CO to CO CD CO CO o CV cv LO rH to D- CO t> 05
o O (V to O CO CO to CO rH CV o 05 LO O C55 o (O CV
Oh rH rH H rH rH rH rH cv rH rH rH rH rH

•

-p o 05 LO 05 CO to CO C- to to to rH cv O CO rH O to rH
o o CO CO rH o o H cd CO CO t> O o LO sff r> r> LO
Oh rH H rH rH rH rH

•

-P O CO o CO O C5 to H LO t> CO rH LO 05 fco 05o LO CV CD CD O CO CM to CV CO <* CO CO LO
Oh rH rH rH rH

p

Oh

d -p
0) C P

O o
S Oh

U
d
cu
>H

o r> LOo co
rH

CO fc>O COH
to co cd r> cv
CO CV C5 o LO

rH rH

cv to O CO to
CO LO O CO LO

rH

o o r>o t> LO
rH

O CV COO CO CO
H

CO <tfO CD
rH

CV CV
rH CO
rH

rH CO 05 CO LO
C- to CO CO

rH

CO to r> LO o
CV rH CO 05 CO
H rH

to CO r> LO LO
lo o r> o

rH

LO 05 rH CV CO
CO LO CV CO COH

cv co. o o
05 LO tO

4

-P o O CO LO CO CO. o CO o o to CO to CO rH CO CO rH
o o CO rH CO 05 CV CO CO LO CO 05 CO LO CO CO LO
Ph rH rH rH

LO rH CDO C— CO to

tO CD rH
CO x4< CO 05

-p o CO cv OD O H CO (V LO 00 rH LO o CO CV rH CO O
o o LO rH O CO rH CO o LO CO CO o CO t> co CO LO
Oh H rH rH rH rH

o CO rH O rH O O LO o LO LO LO to to 05 CD rv to
o rH CV co H O co CD CO r- rH CO rH rv o rH co rH
H rH rH rH rH rH rH rH rH rH rH rH rH

O CO LO rH O O 05 c- H to O to r> LO O
o CD CD CD rH O rH CO r> o CD [> r> r> o o
H H H rH rH rH rH rH

O O LO LO CV O O) CO CO CV co CO o CO CO
o 00 CO CD O rH H r> CO o 8 CO CO LO CO
rH rH rH rH rH

O LO rH O CO CV LO CO CO LO to rH rH to CO CO oO 05 CO o cv rH O CO CO 05 o to o r- CO LO c-
rH rH rH rH rH rH

CV CD tO
»• tO tO ^
CD Jt f 1
MCO LO rH
d rv to ^
fn 05 05 CD
CU rH rH rH

CO 05
(V CV
OJ CD

O rH CV tO ^
CO to to to «
05 CD CD C5 CD
r-i r-{ r-i r-i r-i

LO CO O- CO 05
to CO to to to
CD CD 05 05 05
rH rH rH rH rH

O rH CV tO
^ ^
05 CD 05 CD
r-\ r-i r~{ t—{



- 31 -

•ri CD
-

U- -P

CO

if ,3

P-.

CO

£1 CM -H

Ph

co r

oJ 'csj

M ct5 P
CD J-i

Eh O

n3H
O

rO

CO J-i

CO 03

O £2

O -H
E-i

co 1

o a
03 o5
Eh rH H

TO

n3

-P
•H •

Sh CO

03 o -P
N aJo O

Ph

+^1

i-l CD

<H ' 05 *-HH -P l!

3 CO

O 03
O !hO TO

• • «• «<

!>s co

xi -d

a3 03

CO tH

' oT
-P
(—

I

CD

O

-P
' CO U
03 CD .

TO P=l

I

T) -P
CD G
nH 2Cm S

03 CO

03 aj

O Cm

-PI

O H (VO -HH CVH H H
CD CD
CD CD

COO
H

CD to cv <V CO LO rH O CV CO LO
CD o to cv to LO CO CV rH

H H H rH H rH rH r-i H H H rH

-P O O CD to CO CD r> LO r> to O r> O CD as to to r-iO CD CO a> CO LO rH rH to ,o LO rH O O rH CD LO cd
TO H r-i rH rH rH r-i rH rH rH H rH

-p - • O £> H ^ .to • -o- to CV .rH LO CD CD r-i rH CO CO CV
o O CV CD r> co CD to o CO o cd CD r-i CV CV CD CD LO

rH H H r-i rH rH rH rH r-i rH rH rH rH rH

«

-P o CO O to CD CD CD CD t>'o 'cv CD cv O LO
a o CD CV cd CO CO rH rH r> co CD CO rH CO CO CV CO CV
TO r-i rH rH rH r-! r-i rH rH rH

o r> CD LO to to to CD LO o .CD c- O CD O CD CO CVo <D O O 00 CO cv O O o- rH to rH LO rH COH rH r-i rH rH rH H rH rH rH rH rH

O LO HO O rH
r-i r-i r-i

Q.<tf COO O CD
r-i rH

rH O
CD CO

LO CDO r>
rH

o to
rH r-i

to CD CD' LO CV r-i LO
r> CO CD CV to rH CD CO

rH rH rH H rH

O LO COO LO t>
rH rH rH

O CO oO tO CD
r-i r-i r-i

O CD CVO rH CV
rH rH rH

O O CD
O to CVHHH

CD rH
CO iH

r-i

^ to
CD H

rH

CD CO
CO CD

CO to
O CD

CD

tO CD
rH

CV r-i

CD CD. O
r-i CO CD
rH

CV CVH rH

r> o

LO CO LO rH CO.. tO' to CO C- CD to o CV
cv CD CD CD r>-' CD cv r-i O rH CO o rH
rH rH r-i H rH rH rH

-P O CD i—i CD O.. CO C- O CD CV 05 to to rH O O CV
O o rH CV CD CD CD CD CO CD ts o LO O to CD
Ph r-i rH rH rH H rH rH CV rH H

-P O CO O co r> rH CD CD CD t> O O O t>o o CO o o cv rH O CD CD 00 to CV to to CO rH CD
rH rH rH rH rH H rH r-i rH rH rH rH

O CO to O CD LO 00 CD rH H r- LO to CD rH t> O stf1o 02 o rH CO r> CV CD CO CD CD CD CD to CV O rH ^O
rH rH iH r-i rH rH rH rH rH rH rH

LO cv LO CD CO to CD
rH o co CD O LO r> CD CD
rH r-i rH rH rH H H H H H

CD O rH to 00 O to to O o
r-i rH ^ •HJ C\2 rH to CO CD
r-i rH rH rH I—i r-i rH 'rH rH H

CV
' LO CD CO CD r-i O CV CO 00

rH H C to O to LO CD CVH r-i rH rH rH rH rH rH r-i

to CD rH CV LO CO CD r-i

<v to rH rH to CD to LO
rH H rH rH r-1. H rH r-i rH

LO CD O CO CD O rH CV to
to to to to to to
CD CD CD CD CD CD CD CD CD CD
rH i—i rH H rH r-i rH rH rH r-iu

05
CD

CV CD tO
tO tO si*

CD I I |

bOCO LO rH
03 CV tO
U CD CD D
CD rH r-i r-i

>
<

00 CD
<V CV
O) CD
iH rH

O rH

r-i r-i r-i r-i r-i



* 32 -

-p
fl
CD
SL,

CD

<H

•H
Tj

CD

-p

a
•ri

CD

txO

03
CD

U
O
05

c to
o
-p I

-P CO
o cv
O CDH
CO

CD

-P
03

-P
CO

T)
CD

-P
•ri

a

O
•H
-P
O
.2

o o

c
o
•H
-P
fn
O
o,
o

k

era

CDH
OJ
EH

I T5
•H CD

U -P
Jh o3H W

CO

Q n3

Cm
» »» «<

CO

Xi C
CxO-H

5h

CO I

o3 ea

H cd E

Eh O
CD

• -ri

03 UH >H
. .A!. 03O

CO

CO ^
CO CD
O XI
h Eo -H

Eh

CO I

oJ ^ t:Hoc
CD o3 03 -P
Eh H

oj

sl, co

o3 o p
N 03 S

H CH
o3

«H -P MH CO

2 -Si *

%% •% «

!>s co

t3 t3
G S3
oJ 03

CO H
03
+^H
CD

O

co 5h

03 CD .

w is]

t

T3 -p
CD C

H
05 CO

-P G
CO -H
05 03
O i—

I

O 0-i

5n

03
CD

-^1

0-,

CO CO

.Hcv to

CD LO ^ O s|< 00

H rl riHH
CO tO CO CD

H W (O CV

od ^ lo o
CV tO tO tO

OD t> CO O co O W f- COW CD ^ H CO <^ CD H H tO

W HH.' to toH H rH' r-i rH

CD CD LO
•

, • •
tO ^ LO to to

to cv cv to CO
r-i. rH iH HH

CO CD CV O "st
1

• • • • •
to to ^ -^h to

CV CV H O H
r-i r-i r-i r-i r-i

O CO CO CV CO
• • • • •

^ ^ m co ^

O r-i CV CV
r-i r-i r-i r-i

CV CV O O
• • • •

LO LO CO LO

LO "tf CV

CV CV CV

co r>

cv <v

CO tO H CD

CV CV CV CV CV

CD CD ^ CV CT)

CV CV CV CV H
H CV tO H
cv cv..cv cv

^ ^ H
• , • a

H H H
CD CO
e . •

H H
co to to r> CD
• a • « a

H H H r-i H
to H O CD O
• • a a a

H H H H
H H CV CD

• » • a

H H H

CO CD tO CD CO

'

r-i r-i r-i H H
co r> r> h cv

H H H cv cv

CD O r> CO ^
r-i r-l r-i r-i rA

^ ^ ^ r-i

r-i r-i r-i r-i

OO-CD to CO <*C0H<hiCO LO ^ to w to CO CO t> CO

to CV H
r-i r-i r-i

rtf tOH H
to to to to to
r-i r-i H r-i H

to to CV CV CV
r-i rH r-i r-i r-i

r-i H H HH H H H

"sP 0D CO

tO CV CV

CO to

to to

^ CO LOO
to to to to to

O H CD CD O
to tO CV CV CO

O H CD LO

CO to CV CV

^ CO LO

CO CO CO CO to

CO O- CO sj* CO

CO co to CO to

co r> co o o
to to CO ^ to

CD ^ CD CD

CO CO CO CO

CD to CD CO O CO CO O r-i CD

O CD OH O HH H O O O O CD
r-i r-i r-i r-i

CO O OD O r-i

CD CD CO CD CD

CO CD CO CO

0D CO O . t>.

CV^CO HCO CV OD O CO CD to H CO oi ^ -sFcv'cDjs:

CO CD
r-i r-i H

O CO CO
• • •

O O HH H H

CV CV
r-i r-i

r-i H
• a

o oH H

CO CO to CV
r-i t-i r-i r-i r-i

CD r-i CD r> CO
a a . a

O H H O OH H H r-. H

CO ^ -H ^ LO
r-i r-i r-i r-i r-i

CD CO O CO CD
• • e a a

O O O H HH H H H H

.CO O CO COH H H r-i

LO H CV

r-i rri H CVH H H H

00 CO CD

r> r> r>

CO o CO CO CD ^ CD

r> r> r>

cd cv co cd r>

r> t> o c^- o
O O to 'CO

o r> o o

CO O CD CD CO O LO O) LO LO ODtOtOLOH CVCOLOO
CO ^ to
r-i r-i H CO COH r-i

to CO CV CV CO
r-i r-i r-i r-i r-i

to to ^ ^
r-i r-i r-i t-i r-i

^ to CO
r-i r-i r-i r-i

" CV 0D (0
to to «4<

O J | I.

tlDCO LO H
03 CV tO tH
f-t CD CD a
0) r-i r-i r-i

><

CO 0D
CV CV
CD CD

O H CV CO ^
CO tO CO CO CO
CD CD CD CD CD
r-i r-i r-i r-i r-i

'lo CD r> CO OD
to co to to co
CD CD CD CD CD
r-i H r-i r-i r-i

O H 61 to'
^H ^1*

CD CD CD CD
r-i r-i r-i r-i



- 33 -

n3 gjH E
M oo xi

I

•H
to

•H oj

a
o 03

£
CO

M 03

CO

• • «•

I

to

•H •H
CO PL,

CO ft
•H
CO

t o3
o3 EH c3

* CO

•X3

o c
CO

CO O
:Mi

Oh

CO

CO T3
r;

a3 O
Ph

CO c-

CV tO

cv ^

cvo cn

LO LO

o c- co co cnH

C\2 LO w w toH

to w w W H

^ <v cn t> H
O) LO W W tO

H co cv H H
CO sfi CV cv cv

cn cn o co to
rH H H

to lo co cn oH

to cv H H H

CV r-l H to <si<

LO <sh tO ^ -sT1

cv ^ co cn HHH H

H to H H H

CO cv cn cv CO cn to
cn o H H o cv rH
H H H H H H

^ to CV CO o
CV tO ^ LO l>

<tf c- H H
t- cn O O OH H H

CO r~ CO to O CO <tf t> CO to cv to to cvo H CV CO to "slH O CO o cv LO CO CO [> CO cnH H H H rH H H H H H H H

CO H cv C- CO LO o o CO CV C- CO o cv
CD O LO CO H to t> cn O O H cv CO cn

cv CV cv H rH H r-l CV cv cv cv to CO to CO to to

I
CO to
CD (D CV H o
c CD C to to CV
c CO 1—

I

H H
CO O
EH
«•

Ph

H cv co H st< cn
LO LQ

CO LO CO H to H H
o O H to CO CO LO
H H H H H H H

03
t3 CO

•H cn H LO CO o O CO CO CO LO O LO H CO
fn H O cv CO CO cn to CV CO cn <n O O
O cv CV cv H H H rH cv cv cv cv CV CV cv V to CO
rH o

Ph
#• • •

o3

•H CO

UO o LO rH CO cv LO CO D- cv cv cv •H CO
5h g LO LO CO o LO o CV LO CO cn Ol o cv to CO cn
o CV <V CV CV rH cv cv cv cv cv cv CV CO to CO CO CO

o
o Ph

o3

£ to

•H a
LO O LO CO cn H CO CO CO CO CO H CO LO o

-P H o o O CO cn to CO c- CO CO o V O
o CO CO CO cv H cv cv CO to to to CO to ^ LO

o u o
CO (8

O
03

G CO

,3 •H CO cn rH t> H CO CV cv CO CO LO H H LO o LO
-p H c CO cv cv CO H o cv CV CV H to LO O
Sh o <tf CO cv CO CO to LO
o o

03 Ph
o

••

to

i
03 T5 CO L> CO CO H H CO CO LO CO o CO LO o LO LO
•H CO e- CO CO o LO CO CO cn on [> CO O LO

•H G CO to CO CO cv CO CO to CO CO CO CO CO ^ ^<
P ' •H O

hO Oh

Sh CO cn o H cv CO LO CO r> CO C5 , o H CV to
03 CV cv to to co CO to CO CO co to CO

cn cn cn cn cn cn cn cn cn cn cn cn cn cn cn cn cn
i-i H rH H i—

i

H rH H rH rH H H H H H H



i-. v.


