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Summary and Recommendations
This bulletin gives the results of studies conducted for several years at Lubbock a Y
Tulia on the use of irrigation water by cotton.

Cotton yields in pounds of lint per inch of water were about the same for all moisture
levels studied.

In general, the high moisture levels are the most profitable.

If the supply of water is short, no significant loss will oceur in yield per acre-inch of
water by following any one of the treatments studied.

Cotton uses varying amounts of water efficiently, which makes it an easier crop r;,
irrigate than grain sorghum.

The preplanting irrigation is the most important one.

Definition of Terms

Transpiration: The water absorbed by the crop and evaporated from plant surfaces
It does not include soil evaporation. It is expressed as acre-feet or acre-inches per acre
or as a depth in feet or inches.

Consumptive Use (evapo-transpiration): The sum of the volumes of water used by the
vegetative growth of a given area in transpiration and building of plant tissue and that evap
orated from adJacent soil, snow or intercepted prempltatlon on the area in any specified time
divided by the given area. If the unit of time is small, the consumptlve use is expressed i
acre-inches per acre or depth in inches; but if the unlt of time is large, such as a crop-grow
ing season or a 12-month period, the consumptlve use is expressed as acre-feet per acre 0
depth in feet or inches.

Water Requirement: The quantity of water, regardless of its source, required by ¢
crop in a given period of time for its normal growth under field conditions. It includes sur:
face evaporation and other economically unavoidable wastes. It usually is expressed in deptl
(volume per unit area) for a given time.

Irrigation Requirement: The quantity of water, exclusive of precipitation, required fo
crop production. It includes surface evaporation and other economically unavoidable wastes
It usually is expressed as depth in inches or feet for a given time.

Irrigation Efficiency: The percentage of irrigation water delivered to the farm ol
field that is available in the soil for consumptive use by the crops. When measured at th
field or plot, it is called field-irrigation efficiency.

Moisture Percentage: The percentage of moisture in the soil, based on the weight o
the ovendry material.

Field Capacity: The moisture percentage, on a dry-weight basis, of a soil after rapi
drainage has taken place following an application of water, provided there is no water wi
capillary reach of the root zone. This moisture percentage usually is reached in 2 to 4 day
after an ordinary irrigation, the time interval depending on the soil type. '

Permanent Wilting Percentage: The percentage of water in the soil when plants will
permanently.



IS MAKING STUDIES OF THE UNDER-
ater of the High Plains estimate there
ximately 150 million acre-feet of water
 the sands which underlie this region.

efficient use of water from this water-
and, in a supplemental form, has made
8 to increase production as much as 300
rer normal dryland crop production dur-
few years. More than 40,000 irriga-
y are being pumped to supply water to
n 3 million acres. This represents an
it of more than 100 million dollars in
| plants and equipment alone.

High Plains produces about one-tenth of
United States cotton crop and one-third
tal Texas crop. The terrain is level and,
, is suited to large-scale, high—speed,
ed operation. The soils have a high de-
therent fertility and produce good yields
and other crops with minimum expense.

Climate

High Plains are in the northwestern cor-
xas and are well over 3,000 feet in eleva-
cords from the Lubbock station show
annual rainfall has averaged slightly
inches for a 44-year period (Table 1).
lately 82 percent of this rainfall occurs
il through October. Distribution is more
t than the total amount of rainfall re-
the two rainfall peaks of the year are in
September. In 4 years out of the 10 the
or rainfall is more than 3 inches.

ient use of 1rr1gat10n water to supple-
annual rainfall helps insure a good yield
uality cotton. The Lubbock vicinity has
| frost-free season of 211 days. The av-
ites of killing frosts are April 6 in the
nd November 4 in the fall. The short
season is a constant threat to the cotton
. Because other climatic conditions, such
ights, wind, high-intensity rains and hail,
impractical to plant cotton before early
to 50 of the 211 frost-free days are lost.
) to 170 days are left for maturing the
 point where there is a minimum damage
st. Any practice that tends to delay ma-
ould be avoided.

vely, assistant irrigation engineer, Substation
ibbock, Texas; and irrigation engineer, Soil and
onservation Research Branch, Agricultural Re-
ervice, U. S. Department of Agmculture, Lincoln,
3, and formerly of the Amarillo Experiment Sta-
hland, Texas.
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High Plains Cotton Soils

Pullman clay loam, Amarillo fine sandy loam
and Amarillo loam make up the largest part of
the area farmed to cotton on the High Plains of
Texas. Three million acres may be planted in ir-
rigated cotton on the three soil types.

Most of the Pullman clay loam soil is on the
northern edge of the cotton belt in the Texas
Panhandle. The Amarillo loam is the transition
soil between the Pullman clay loam and the Ama-
rillo fine sandy loam.

Pullman clay loam is a deep, fine-textured,
slowly permeable soil, often 5 to 6 feet in depth
and capable of holding a large amount of water.
The greatest problem encountered in irrigating
these soils is getting adequate water into the
soil. Infiltration rates may be as low as one-tenth
inch of water per hour.

Amarillo fine sandy loam is a freely perme-
able, medium-textured soil. It is about 8 to 4 feet
deep and is underlain by a rock-like accumulation
of highly calcareous material. The infiltration
rate is often 2 inches per hour. Cotton is grown
on about a million and a half acres of this soil
type.

Amarillo loam is an intermediate or transition
type. It is fine to medium-textured, permeable
and averages 4 to 5 feet in depth. Infiltration
rates average 1 to 1% inches per hour. Cotton
is grown on about 300,000 acres of this soil type.
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Figure 1. Water applications were measured carefully
onto level borders in the water management study near
Tulia in 1954.

Previous Work at Lubbock

Pump irrigation studies at the Lubbock sta-
tion by D. L. Jones and Frank Gaines (Progress
Report 667) pointed out the need of a preplanting
irrigation on the fine sandy loam soils of the area
(Table 2).

Two preplanting irrigations gave good results
in these early tests, primarily because of the ad-
ditional water stored in the root zone. Summer
irrigation was profitable, but the preplanting ir-
rigation was the most valuable from the yield of
lint per acre-inch of water.

Similar irrigation tests were continued
through 1951-54, but the dates of irrigation were
revised to conform with certain stages of plant
development. Table 3 indicates that a preplanting
irrigation again gave the greatest yield of in-
crease, but that two summer irrigations were prof-
itable. Summer irrigations were applied at the
time of the first flowering and again at the peak
fruiting stage. No attempt was made to keep the
plants out of stress between irrigations although
For:;nal summer rainfall usually corrected this de-

icit.

TABLE 1. A 44-YEAR SUMMARY OF NORMAL PRECI-
PITATION BY MONTHS, LUBBOCK STATION, 1911-54

Tests Near Tulia

An irrigation test on cotton was set
1953 to determine seasonal and average daily
sumptive use of water on Pullman clay loan
near Tulia.

Irrigations were measured carefully onfs
el borders so that accurate moisture figures.
be obtained (Figure 1). There were no loss
rainfall or irrigation water by runoff. A
gage was located on the site to measure
tation.

Soil moisture samples were taken se
times during the season to depths of 6 feet. .
ings were taken three times a week durin
irrigation season from Bouyoucos blocks.
plot had blocks in each foot of soil to a dept!
feet, with an additional location in each pk
measuring moisture in the 0 to 2-foot dept!
calibration curve made on Pullman clay lo
the Amarillo Experiment Station was used
Tulia location following early comparisons of
ture values obtained by gravimetric and elee
resistance methods. Some modifications in
bration were made for the lower depths of §
Tulia following further comparisons durir
1953 season. :

Consumptive use data obtained for
rious moisture levels used in these tests ares
in Tables 4 and 5. Moisture use approache
inch per day on the cotton plots during the
use period in both 1953 and 1954. Figures
3 show moisture depletion during the seasor
creased water use started near the first-
stage and continued as long as there was r
available water in the profile.

The general pattern of moisture extr
consisted of removal first near the surface
subsequent withdrawals at deeper depths ur
available moisture in the 5 to 6-foot zon
utilized. i

There was essentially no difference in
utilization efficiency regardless of irri
treatment. The pounds of lint per acre-it

TABLE 2. SUMMARY OF COTTON IRRIGATION
AT THE LUBBOCK STATION, 1937-41'

Years Years within Years of

Month lV!ean below one-fourth  3inches
rainfall average, of average, or more,
percent percent percent
January a3 61 11 2
February .65 70 11 5
March .78 59 20 5
April 1.37 59 10 14
May 2.72 64 27 30
June 2.25 59 20 27
July 2.03 59 18 23
August 1.96 92 34 16
September 2.60 59 14 36
October 2.18 64 b 30
November 55 57 14 0
December .69 64 16 0
Yearly
average 18.37

4

Lint Ling ‘
Total ield per  ords
Treatment annual X er inch n
irrigation :; of
= water  pre|
Inches Pounds Pounds
No irrigation 0 309 15.7
2 preplantings 6 457 18.8
1 preplanting 3 387 17.6
1 preplanting and :
1 postplanting 6 442 18.0
1 preplanting and
2 postplantings 9 464 16.9

'Rainfall ranged from 11.71 to 40.55 inches.




ranged from 17.4 to 21.5 in 1953 and from
to 21.9 in 1954. This indicates that cotton
| water effectively over a wide range of avail-
ty, thus providing some latitude for the time
s application to cotton on the High Plains.

The data on consumptive use during 1953-54
er 2 years of very low rainfall. In a normal
r, cotton probably would use water at about
same rate during peak-use periods, but the
all during the growing season would make
mer irrigations less frequent. Even though
cted rainfall occurred, it still would be neces-
to apply 3 to 4 inches of water to the cotton
1g the growing season, in addition to the pre-
fing irrigation, to be assured of better than
age production. In years of more than aver-
rainfall and higher relative humidity, lower
spiration rates would be expected, thereby
cing the consumptive use. In this case, rain-
‘distribution will be as important as the
1 amount.

Infrequent, heavy rains would not be as ben-
al to the plants as moderate weekly or semi-
kly rains, even though the total amount of
fall was the same. This is because of possible
3 by deep percolation and runoff. Rainfall
cess of the moisture deficit in the root zone
not be useful to the crop. On the other hand,
i rains falling on the air-dry surface of a clay
so0il often fail to bring the moisture content
e surface above wilting point. The moisture
enishes, or partially replenishes, the deficit
ed by evaporation, but little or no moisture
mes available to the plants.

Water Management

When Pullman clay loam soils are wet to a
h of 6 feet, moisture storage provides almost
nches of available water. Water-use studies
iis soil show that enough water is withdrawn
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PREPLANTING ONLY
““MAINTAIN 50% AVAILABLE MOISTURE IN O TO 24-INCH DEPTH TO 8&/I5

igure 2. Available moisture in soil storage in 0 to
,< depth of soil, cotton, Tulia, 1953.

TARBLE 3. SUMMARY OF COTTON IRRIGATION TESTS
AT THE LUBBOCK STATION, 1950-54'

Total Total Lint Lint per Compared
Treatment annual . vield inchof with pre-
i . water .
irrigation per acre water planting
Pounds
Inches Inches Pounds Pounds of lint
per acre
None 13.2 165 12,5 255
April only 8.2 21.4 420 19.6
April, June i 25.4 451 17.8 + 31
April, July 12.0 25:2 470 18.7 + 50
April, Aug. 12.5 25:F 517 20.1 + 97
April, June,
July 12.9 26.1 468 17.9 + 48
April, June,
Aug. 16.2 29.4 588 20.0 4168
April, July, i
Aug. 15.5 28.7 590 20.6 +170
April, June,
July, Aug. 19.5 32.7 518 15.8 + 98

Irrigations were made near these dates each year: April 20,
June 25, July 15 and August 5.
“Including rainfall.

at 6 feet to justify storing water for crop use at
that depth. It is possible for the farmer to store
a large part of the water required for maximum
crop production in the soil prior to planting by
a preplanting irrigation.

About 9 inches of available water can be
stored in Amarillo fine sandy loam when the soil
profile is wet to field capacity to a depth of 6
feet. In many places, it is feasible to wet the
soil profile to depths of 4, 5 or even 6 feet with one
summer irrigation.

Pullman clay loam, which takes water slowly,
cannot be irrigated effectively more than 3 or 4
feet deep with a summer irrigation. Refilling the
entire profile of the Pullman clay loam with a sum-
mer irrigation might temporarily wet the soil
to a point where the cotton roots would suffer
from lack of oxygen. Water stored 4 to 6 feet
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Figure 3. Available moisture in soil storage in 0 to
60-inch depth of soil, cotton, Tulia, 1954.
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Figure 4. Consumptive use of cotton by 10-day periods
on Pullman clay loam soil, Tulia. Daily water use for July
31 and August 31 has been included in the last 10-day
periods.

deep in Pullman clay loam soil usually is adequate
to meet the seasonal withdrawal by the cotton
crop from those depths without replenishment
after planting.

In general, the preplanting irrigation on the
three important cotton-producing soil types of
the High Plains should be adequate to bring the
soil profile to field capacity to a depth of 6 feet on
deep soils and 4 feet on soils of medium depth.
Each summer irrigation should be sufficient to
store about 4 inches of water in Pullman clay loam
and 4 to 5 inches in Amarillo fine sandy loam.
In dry years, when little or no rainfall occurs,
irrigation will be needed every 14 to 18 days. Al-
lowing for losses in application, as much as a
6-inch application may be required, depending on
the efficiency of the irrigation system.

Table 6 shows there is a great variation dur-
ing the summer in consumptive use from one
10-day period to the next, depending on weather
conditions and the availability of water in the

TABLE 4. CONSUMPTIVE USE AND WATER UTILIZA-
TION EFFICIENCY DATA FOR COTTON, TULIA, 1953

soil. Consumptive use by cotton was measured
high as 0.42 inch per day during extremely ho
dry periods. Normal use should be about on
fourth inch per day during August. Moisture us
increases as the plant grows until the maximu
fruiting period is reached (Figure 4). This peri
od normally starts during late July and may con:
tinue into September. Cotton uses less water witl
a decreasing availability of soil moisture, pa:
ularly on clay soils. Cotton can survive for m
days with very low water use, but no
growth and production are not achieved (Fig
5 and 6).

Average rainfall for July and August is abou
2 inches per month. Consumptive use measur
ments show that cotton is capable of using &
inches of water during July and over 9 inches dur
ing August (Table 7). These amounts, less ex
pected rainfall, leave a deficit of 6 inches of wate!
to be supplied by irrigation and from depletion of
soil-moisture storage during July, and 7 inche
to be supplied similarly during August, if the
crop has all the water required to make goo
growth. A total moisture deficit of 15 inches maj
be expected for July and August (Figure 7).

amount and the storage possibly will have bee
depleted by deficits in May and June. '

The lower consumptive use in midseason, a

latter half of July 1953 and by a few days of rel
atively cool weather in early August 1954.

somewhat lower, less than 6 inches. The expe
September rainfall is 2.6 inches, therefore,
required withdrawal from soil moisture stor:
would be about 3.4 inches. Sound irrigation plan:

water will be stored in the soil profile at the be
ginning of September, eliminating late-season ir
rigations. This will allow the plants to becom
hardened as the season ends and prevent a large
crop of immature cotton that might result from

late irrigation (Figure 8).

TABLE 5. CONSUMPTIVE USE AND WATER UTI "[T
TION EFFICIENCY DATA FOR COTTON, TULIA, 1954

: Lint Lint per : Lint er
Moisture Number of Total 5 : Moisture Number of Total s i
AT yield acre-inch i yield acre-inc
treatment irrigations  water- it dre - of wiler treatment irrigations  water per acre
Inches Pounds Pounds . Inches Pounds
Preplanting only 2 12.7 273 21.5 Preplanting only 1 14.5 302
25 percent available 25 percent available
water maintained in water maintained in
0-24-inch depth to 0-24-inch depth to
August 15 4 20.0 361 18.1 August 15 3 22.5 442
50 percent available 50 percent available
water maintained in water maintained in
0-24-inch depth to 0-24-inch depth to
August 1 4 19.6 341 17.4 August 1 4. 22.0 481
50 percent available 50 percent available
water maintained in water maintained in
0-24-inch depth to 0-24-inch depth to }
August 15 5 23.2 476 20.5 August 15 4 26.0 521
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- There were no runoff losses from the irriga-
on and rainfall measured in these studies. The
rigations were adequate, with uniform moisture
stribution and penetration, and there were no
ep percolation losses. Losses by evaporation were
w as could be expected under the conditions
perienced. Since most farm-irrigation systems
e not as efficient as the one used for these stud-
5, greater applications of water will have to be
ade to compensate for the higher losses on less
[ficient systems.

Summer irrigations should begin about the
of first bloom and terminate by the end of
ugust. The size of the area selected for sum-
r irrigation should not be too large for irriga-
on an 18-day schedule with the water avail-

Timely rainfall in some seasons will per-
extending the irrigated acreage.

The depth of water to be applied at an irriga-
depends on the moisture content and storage
c1ty of the soil. Enough water should be
plied to replenish the moisture deficit in the root
ne or to obtain field capacity to a desired depth.

Experience and the use of a sharpshooter
ointed shovel), soil tube and a soil auger or
obe to determine depths of water penetration
d to estimate moisture content are invaluable.
rrigation wastes valuable water and time
d is detrimental to the crop. Under-irrigation
quires more frequent applications with higher
poration losses and labor costs.

- See your local Extension Service or Soil Con-
atlon Service personnel for assistance in es-

tlng moisture conditions in the soils on your
m.

Cultural Practices

Cotton should be planted between May 10
d 20 to obtain a good stand and yield. Studies
the Lubbock station show that little gain in

Figure 5. Yields were considerably lower on the borders
eiving only a preplanting irrigation in the test near Tulia,

TABLE 6. CONSUMPTIVE USE OF COTTON BY 10-DAY
PERIODS ON PULLMAN CLAY LOAM SOIL WITH 50 PER-
CENT AVAILABLE MOISTURE MAINTAINED IN 0-24-INCH
SOIL DEPTH UNTIL AUGUST 15, TULIA

Period 1953 1954

— — — Inches of water — — —

June 1-10
11-20
21-30
July 1-10
11-20
21-30*
August 1-10
11-20
21-30"
September 1-10
11-20*
21-30°
Water used by plants 17.9 19.4

'Daily water use for July 31 and August 31 has been included
in the last 10-day periods.

“Low availability of moisture in 0-24-inch depths.
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maturity is obtained by earlier planting. Early-
planted cotton often has to be replanted, or a poor
stand is obtained with some decrease in yield as
a result of cold ground, disease and weather con-
ditions.

The planting rate should be 20 to 30 pounds
of seed per acre. Normally cotton is planted in
40-inch rows to facilitate the use of the cotton

TABLE 7. MONTHLY CONSUMPTIVE USE BY COTTON
WHEN NOT LESS THAN 50 PERCENT AVAILABLE MOIS-
TURE WAS MAINTAINED IN THE 0-24-INCH SOIL DEPTH
UNTIL AUGUST 15, TULIA

Year
Month 1953 1954

June 1.0
July 5.9
August il
September 3.7
Total 17.7

Figure 6. Yields were high on borders kept at not less
than 50 percent available moisture to August 15 in the test
near Tulia, 1954.
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Figure 7. Plants receiving only a preplanting irrigation
had exhausted most of the water in the soil profile before
September 29 on the irrigation tests near Tulia, 1953.

stripper. The cotton should be planted in shallow
furrows and covered 1% to 2 inches deep.

Cultivation should be made only when needed
for weed control. Cultivations to maintain a dust
mulech do not conserve moisture. High residue
crops and minimum tillage operations, however,
help maintain adequate intake rates. Even

Figure 8. Sound irrigation practices allow plants to
become hardened as the season ends and prevent a crop
of “bolly” cotton. These stormproof bolls were well matured
by frost, 1954.

8

though hand harvest is still used by many farr
ers, economic studies conducted on the High Pla
show that the stripper harvester is more econon
ical and nets the farmer the most money.

Methods of Irrigation

The furrow method of water application
most commonly used on the High Plains. A sy
tem of graded furrows has been most pop
although little consideration has been given to
efficient design. A few farmers using level ft
rows find that more uniform crops and high
vields with less water are possible, but more labol
may be required than with the graded furro
Some cotton is being produced on the bench-levele
slopes with level borders, graded borders, ley
furrows or graded furrows. These benches,
ually 8 to 12 rows wide, are farmed with conve
tional equipment. Small streams of water ava
able on most of the farms in the area make {
border method of irrigation impractical. -

Sprinkler irrigation has become popular
is more efficient than the furrow method of app
cation on the very sandy and rolling land found
part of the cotton-producing areas. A well
signed sprinkler system is recommended whe
the soils take water rapidly or the terrain is n
suitable for furrow irrigation.

Most growers find that the furrow method
distributing water is the most satisfactory a
cheapest on the finer textured soils. The use
underground tile and portable aluminum pipe,
portable aluminum pipe only, has been satis
tory, especially where the farm has steep slope

Fiber Quality

The quality of cotton may be affected gre:
ly by summer irrigations. Fiber tests made
cotton from the irrigation tests at Lubbock sh
that the highest quality cotton was produced v
only a preplanting irrigation. Largest yields w
made with two summer irrigations but the g
ity of the cotton produced was low. Three sui
mer irrigations reduced both the yield and g
ity. A good compromise between quality and yit
came from a late July irrigation which produe
less lint per acre but better fiber quality.
irrigations, after August 30, are likely to ca
poor quality fiber and also may reduce yields.

The fiber qualities most adversely affee
by late irrigations are micronaire fineness a
maturity. If these two tests are not made, |
poor quality will be reflected by the cotton cla
er’s grade. Other factors of quality which n
be affected are strength, uniformity and
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