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THE FRONT COVER PICTURE

Aerial photo of the Spur station 12 hours after a highly :
rential rain of 2.54 inches on June 19, 1946.

< Farmstead which does not show.

(2) Ten-acre cotton field with rows up and down the slope.
Note accumulation of runoff at lower end of field.

(3) Ten-acre field with contour rows and closed level terrae
Note uniform distribution of water over field.

(4) Field area that received runoff water from a 300-ac
water-shed.

(5) Shows location of highway culvert that drains water oi
station land.

(6) Water from land with a slope of 1 to 2 percent
terraces and later spread over field area 8.

(7) Land with 0.5 percerit slope that did not get wet bei al
of heavy runoff.

(8) The syrup-pan terrace system made maximum use
flood waters from a 1,200-acre watershed.

(9) Land devoted to production of wheat and sorghums. ‘
slope varies from 1 to 3 percent.

(10) Experimental grazing pastures.

(11) Mesquite control studies, including grazing trials
cleared and uncleared pastures.
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DIGEST

Conservation and utilization of moisture is of major importance
the heavy soils of the Rolling Plains since water is the principal
g factor affecting crop production. Research by the Texas
tural Experiment Station, Substation No. 7 near Spur,
d in this bulletin, shows that the amount and character
rainfall, soil type, plant residues, slope of land, tillage and
servation practices are the factors that largely govern the
ount of water that is stored in the soil for plant use.

Contouring and terracing to prevent runoff and erosion have
ificantly increased the amount of available moisture in the
and the yield of cotton from it. The use of flood waters, crop
dues and tillage offer additional means of increasing the
unt of water that is stored for plant use.

Preseasonal rainfall from November 1 to June 1 and seasonal

fall from June 1 to October 31 provide general information

moisture content of the soil for an area. Measurement of

ount of water stored in the soil, or the depth of moisture

tion, gives a reliable index of soil moisture which may be
y the farmer on his individual farm.

The close relationship between the amount of available moisture
in the soil at planting time and the yield of cotton indicates
t a high moisture content in the soil is followed by a high yield
a low content by a low yield. Thus, the amount or depth of
e may be used as a guide to probable cotton yields on the
soils of the region. The knowledge of likely crop prospects
d on moisture stored in the soil offers a means of adjusting
ping plans and farming operations to make the best use of
lable moisture.

ese findings show that every effort should be made to use
ion practices that will bring about a greater storage of
re in the soil to help stabilize crop production and to reduce
ards of farming in a 20-inch rainfall belt.
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Conservation and Utilization of Seil Moisture

C. E. Fisher and Earl Burnett *

PRODUCTION on the Rolling Plains of West Texas is
srned largely by the amount of water that is available for
rowth. Soil fertility is seldom a factor in crop production
heavier soils that occupy much of the area. The sandy
f the area are usually lower in fertility and occasionally
d to soil fertility practices when rainfall is above normal

In most years, rainfall is adequate for the production of crops
atic distribution, with torrential rains followed by long dry
ods, make it desirable to conserve a maximum amount of

for crop use. The soils generally are relatively porous, deep
ve ample water holding capacity to store large amounts of
|l for plant use if steps are taken to prevent heavy runoff
‘to reduce evaporation. The use of conservation practices,
our planting in combination with closed level terraces, diverting
spreading of flood water and other related practices has
ficantly increased the depth of moisture penetration and the
ant of water stored in the soil. This additional accumulation
oisture has materially increased the yields of crops and reduced
hazards of farming.

Major emphasis in this bulletin is placed on factors that
ence the accumulation and utilization of soil moisture. Results
[ years of research at Substation No. 7 on moisture conservation
ported. Early work on runoff and water conservation on
Rolling Plains was published by Conner, Dickson and Scoates
and Dickson, Langley and Fisher (3). These findings are
tly applicable to some 14 million acres of heavy soils on the
ing Plains and indirectly to heavy soils in other regions where
t of moisture limits crop production.

‘fﬁid ater conservation research at Spur includes factors that
ence the accumulation of soil moisture by reduction of runoff
evaporation, the utilization of soil moisture by crops, the

all on the yield of cotton and the effect of conservation
tices on cotton production, runoff and available soil moisture.

ectively, superintendent and assistant agronomist, Substation No. 7, Texas
cultural Experiment Station, Spur, Texas.

bers in parentheses refer to literature cited.
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Figure 1. The Rolling Plains of Texas.
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DESCRIPTION OF THE AREA

he Rolling Plains occupy approximately 30 million acres in
vest Texas and Central Oklahoma, Figure 1. The elevation
’from 1,000 feet on the east to over 2,500 feet on the west.
ally, the area is rolling but there are numerous areas of
‘Jevel, undulating or only gently rolling topography. Rough,
! land occurs frequently along the main water courses and
gely devoted to grazing and livestock production. The
ner land is used principally for the production of cultivated

“‘ Average monthly and annual evaporation, wind movement, and mean,
. mean maximum, mean minimum temperatures and ramfall at the
! Spur station, 1911-52"

IJn.n.. Feb. |[Mar.| Apr.| May| June| July| Aug.|Sept.| Oct.| Nov. SDec | Total or
| I | | | average

2.44 299 5.11 6.30 7.19 8.66 8.84 8.16 6.04 4.78 3.30 2.48 66.35
4684 5038 6118 6211 5863 5249 4331 3837 3932 4021 4426 4471 58,181
41.5 45.9 52.5 61.9 70.0 78.6 81.6 80.9 733 63.3 51.2 43.0 62.0
56.6 61.4 69.1 77.8 84.6 93.1 959 95.6 87.5 78.3 66.6 57.5 77.0
26.5 30.4 35.8 46.0 55.3 64.1 67.3 66.1 59.2 48.3 35.9 28.5 47.0

3 a6 .79 .86 1.85 2.87 2.55 2.00 2.47 2.82 2.33 .85 .89 20.85
ion records are for 1916-52. Wind movement records are for 1917-52.

station No. 7 of the Texas Agricultural Experiment Station
ir lies near the western edge of the Rolling Plains. The
rainfall at the station from 1911 to 1952 was 20.85 inches
closely similar to that of 16 other weather reporting stations

"throughout the Rolling Plains.

he area has extremes of rainfall, temperature, evaporation
d movement, Tables 1 and 2 Long periods without
rainfall are common. The rains are often heavy and
, and produce much runoff.

important feature of the rainfall distribution pattern is
summer depression which usually extends from June 15
st 15. This depression coincides with a period of high
tures which cause heavy moisture losses by evaporation
the soil at a time when plants are making rapid growth and
' 1arge amounts of water. During this ecritiecal period, crops
orate rapidly unless there is ample water stored in the soil
ugh effective rainfall occurs.

he annual evaporation from a free water surface was slightly

inches, with extremes of 81 inches in 1934 and 52 inches
1. The highest evaporation occurs during June, July and
t, when high temperatures and hot winds prevail and the
humidity of the air is low. It is common to have 40 or
ys during the summer when the maximum temperature
Is 100° F. The absolute maximum temperature recorded at
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Spur was 114 degrees F, and the absolute minimum 17° below z

The greatest wind movement occurs during March, April
May, and is lowest in August and September. The prevai
direction of the wind is from the south from March to Octo
and from the north from November to February. The aver
frost-free season of 216 days extends from April 2 to Novembe
which is long enough for the normal maturing of commonly-grc
Crops.

brown or brown to very dark brown in color. The red to redd
brown soils are found on the more sloping areas, while
associated brown to very dark brown soils occupy the flatter ar
The principal series of the red to reddish-brown soils are Mi
Vernon, Weymouth and Tillman. The surface texture of ti
soils ranges from sand to clay. The subsoils are highly cal
and often have a zone of caicium carbonate at varying dey
Soil productivity ranges from moderate to low, varying with d
of soil and moisture conditions. 3

Table 2. Monthly and annual rainfall, Spur, 1911-52

Year | Jan. | Feb. |March | April | May | June | July | Aug. | Sept. | Oct. | Nov. | Dec. I‘
1911 16 4.61 15 1.78 . 1.15 56 497 1.69 1.34 1.03 .39 2
1912 00 115 1.02 1.99 53 3.4 .53 1.66  2.04 1.87 .00
1913 .04 41 1.23 il 44 435 70 .07 572 294 3.64
1914 .09 .19 .33 1.99 10.58 1.28 4.70 5.89 141 5.23 .87

1915 40 210 3.20 7.64 231 4.08 78 148  7.65  5.17 .00
1916 .00 .00 43 235 131 2.36 56 401 1.12  2.63 .82
1917 .22 .51 00  1.27 171 14 217 1.58 4.12 12 07
1918 .00 .64 .30 62 244 197 44 1.42 92 2.60 .20
1919 .28 .21 3.56 3.78 4.37 2.03 2.60 244 426 7.48 .80

1920 1.31 .00 .16 99 691 3.36 75 834 220 249 111
1921 .30 1.08 .66 00 91 445 .00 .09  4.08 00 00

1922 .31 .00 276 =.5.57 518 1.77 .25 1.60 1.00 1.06 1.80
1923 .05 86 1,01 3.89 - 1.14 495 .26 1.40 1.57 6.58 2.36
1924 .00 .09 1.88 .81 1.98 .65  2.01 87 2.00 .80 .00
1925 .34 .16 A9 477 275 1.74 343 737 3.66 .13 22
1926 .67 04 1.62 418 317 214 7.37 7.04 350 5.3 52
1927 1.10 .26 1.06 .40 .66  4.56  1.47 78 422 119 .00
1928 .24 .96 .36 20 433 1.60 5.15 3.97 05 1.37 143
1929 27 21 1.49 .02 280 1.23 1.17 33 374 3.07 40
1930 .86 T 43 1.66 1.54 1.28 05 2,05 .89  6.53 75
1931 79 1.62 .33 218 1.22 129 180 1.14 00 253 242
1932 1.71 239 o 191 1.43 3.38 2.67 5.55 4.24 .58 09
1933 A9 147 .00 A5 2.86 00 251 332 3.7 35 112
1934 12 21 220 116 2.50 .07 J1 0 1.18 2.52 87 193
1935 .01 .61 .98 71 454 6.93 99 1.05 3.62 2.22 1.50
1936 1.11 T 22 249 279 143 2.85 .11 11.13 1.41 A48
1937 .38 T 2.05 86 2.92 1.31 .68 6.93 2.18 247 09
1938 1.14 3.31 82 89 2.89 5.16 3.30 21 09 1.33 78
1939 1.98 25 52 29  2.07 1.80 44  1.85 00 2.62 60
1940 16 1.14 00051 795 =117 1006 07  3.24 41 1.34  3.16
1941 88 1.64 2.04 4.17 6.94 412 294 1.46 9.90 7.90 21
1942 06 33 31  3.67 1.63 3.44 1.60 3.40 3.88 2.82 17
1943 10 00 32 1.14 281 295 5.36 00  2.37 31 80
1944 1.77 178 12 89 249 250 251 234 118 1.07 1.95
1945 89  1.04 34 58 .08 330 4.29 1.78 427 212 69
1946 1.05 19 36 1.40 1.57 3.33 05 3.71 248 2.78 32
1947 60 00 1.51 1.27 6.43 2.01 00 28 15 65 214
1948 18  2.28 15 57 2.00 4.78 1.30 89 07  1.58 45
1949 2.50 43 1.78 1.62 5.28 4.63 2.45 4.06 2.71 2.64 00
1950 35 38 015:51.94 594,92+ 571611 3.91 90  6.23 .00 04
1951 27 35 2.19 81 3.01 288 230 5.82 1.29 2.29 03
1952 70 21 23 333 136 06 2.81 46  1.22 00 1.25

2.82 233 85
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\bilene, Roscoe and Spur are the principal series of the brown
dark brown soils. These soils are generally heavier than
oils since they occupy the flatter areas and have poorer
drainage. They are less subject to wind erosion than
ciated red soils and are usually more fertile, but tend to
outhy.

'he heavier soil types generally have good water-holding
ity and are deep enough for adequate moisture storage. Most
 shallow soils are not in cultivation except where they occur
jociation with the deep soils. The sandier types often produce
ields with average rainfall because losses from runoff and
ion are much lower than on the heavy soils. The most
soil for crop production on the Rolling Plains is one with
dy loam surface texture underlain by a sandy clay subsoil.
| of this type can take up water readily to prevent runoff,
as ample water-holding capacity to carry crops through the
ummer depression.

Jotton is the principal cultivated crop grown on the Rolling
. Wheat is grown extensively, especially in the northern part.
ums are well adapted and are grown extensively but largely
second choice to cotton, depending on the type of farming,

and economic conditions. Crops of minor or local
ce are oats, barley, rye, alfalfa, castor beans and peanuts.
ximately 70 percent of the land is in native grass and is
ly devoted to the production of cattle.

METHOD OF STUDY

he effect of slope, crops, tillage and character of rainfall on
nd erosion was determined on small plots on Tillman clay
easurements of soil moisture, runoff and yield were made
field plots on Abilene clay loam with 0.5 to 2 percent
e conservation practices used on land planted continuously
n included rows with the slope, contoured rows and
d rows supplemented with closed level terraces. There
replication of these practices on field areas from 1927 to
ee replications of each practice from 1930 to 1945 and
ication from 1946 to 1952. In addition, four field areas
aces that had variable grades and different vertical
als were included in the study from 1930 to 1946.

moisture determinations were made at monthly intervals
ril 20 to October 20 on the experimental areas of the
. The samples for moisture determinations were taken
1-foot layers of soil. The sampling depth was 3 feet from
01936, 5 feet from 1937 to 1939 and 6 feet from 1940 to 1952.

ince all of the moisture present in the soil can not be utilized
nts, only that portion that is available for plant growth is
ed. The available moisture was determined by the following



e i

procedure: Total moisture percentage is determined by r::
drying. This percentage is converted to inches by use of t

mw ]
formula I =

where I is the inches of water in one foot
5.196 4
soil ; m is the percentage (expressed as a decimal) of soil moistul
and w is the weight (pounds) per cubic foot of oven-dry soil.
quantity 5.196 is the weight (pounds) of a square foot of wa
1 inch deep and at a density of 62.35 pounds per cubic fi
(density of water at 60 degrees F.) (11).

The lowest point to which crops normally reduce the moisti
in the s011 designated as the mlnlmum point of exhaustlon, f_’

that the supply of available moisture was exhausted and the C
was suffering for water. The difference between the fi
moisture present in each foot of soil and the minimum poinf

exhaustion represents the amount of available moisture present |

SOIL MOISTURE ACCUMULATION

Conservation practices that increase the amount and deptl
penetration of moisture make better use of the soil as a stor
place for water and offer excellent opportunities for increas
crop yields and reducmg evaporation, runoff and erosion. In
Rolling Plains it is seldom that the soil is wet to a depth of 6
which includes the root zone of most cultivated crops. Some fac
that have been studied at Spur which influence the accumul:
of moisture in the soil include the amount and character of rain
soil type, crops, plant residues, slope of land, tillage and conserva
practices.

Amount and Character of Rainfall

The annual rainfall at Spur for the 43-year period, 1911 to
was 20.85 inches. Large fluctuations have occurred in the an

40|

w
)

Average

o1z 13 0 6 17 18 1 21 22 23 24 25 26 27 28 29 30 31 32 33 34 38 39 40 41 42 43 44 45 46 47 48 49

Rainfall, inches

3 S
e e S R S
B e e

Figure 2. Distribution of annual rainfall at Spur, 1911-52.
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fall, varying from 11.09 inches in 1924 to 42.87 inches in 1941,
2. Above normal rainfall has not always favored good crops;
er has below normal rainfall always indicated poor crops.
| to excellent crops have been produced in the dry years of
1924, 1927, 1931 and 1947 with the benefit of timely rainfall
oisture stored in the soil during the previous season.

tal rainfall during the season gives a general picture of
ture conditions but it is not a reliable index to the amount of
r that may be available for plant use. Long time studies
r that 61 percent of the annual rainfall produces runoff,
ing from .57 to 10.66 inches with an average of 3.55 inches per
’l‘able 3. This alone represents a loss of 17 percent of the
al rainfall. In addition, another 2.74 inches, or 13 percent
rainfall, is lost as small, ineffective showers. If some
on is not made to control or prevent runoff losses, the amount
tive rainfall is reduced from 17.82 to 14.27 inches. Losses
vaporation and weed growth still further reduce the amount
infall that eventually becomes stored moisture for use in crop
on.

e character of rainfall—whether torrential, moderate or
intensity—greatly influences runoff and thus the amount
r that accumulates in the soil for plant use, but the
ship is not always clearly evident. Such factors as total

Amount of annual rainfall lost as runoff and ineffective showers,
Spur, 1926-52

Annual Runoff, Ineffective Effective

rainfall inches! showers? rainfall®
38.08 7.13 3.51 27.44
16.12 57 6.59 8.96
19.99 3.19 5.47 11.33
14.76 3.46 3.59 7.71
18.60 2.78 2.63 13.19
16.46 a7 3.76 11.93
27.70 3.13 1.48 23.09
15.59 2.28 2.37 10.94
12.88 2:17 1.69 9.02
23.78 5.21 1.87 16.70
24.47 4.69 2.80 16.98
20.28 3.30 2.99 13.99
19.96 3.16 2.23 14.57
13.06 1.44 3.70 7.92
13.58 2.84 2.64 8.10
42.87 10.66 2.89 29.32
23.10 4.46 2.02 16.62
17.80 3.45 2.68 11.67
21.32 1.66 2.89 16.77
19.59 4.79 3.36 11.44
18.92 3.63 1.91 13.39
17.07 2.17 1.27 13.63
14.33 2.58 1.12 10.63
29.18 8.01 1.88 19.29
21.86 5.22 1.76 14.89
21.24 2.02 2.92 16.30
12.49 1.08 1.98 9.43
555.08 95.85 73.97 385.25
B 20.56 3.55 2.74 14.27
i gtutll rainfall 17.27 13.33 69.41

ki from land with 2 percent slope in continuous cotton without conservation practices.
rary designation for rains of less than .25 inch.
all less runoff and ineffective showers.
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amount of rainfall, physical condition of the soil, crop -
moisture content of the soil and other factors tend to influ
the amount of runoff. Table 4 shows that of the annual raini
of 12.68 inches that produced runoff, 5.92 inches were torrent
1.82 inches moderate and 4.93 inches fell as gentle or slow

The greatest opportunities for storing water in the soil :
preventing floods and erosion are closely associated with
periods of 2 inches or more. Thirty-five percent of the ant
rainfall from 1912 to 1952 occurred in rain periods of 2 i
or more. Most of these 2-inch rain periods occur in Septem
and October, Figure 3. Conservation of water from these he:
rain periods benefits the current crop and stores water in t
for future use.

The distribution of rainfall during the year and the amc
of available water in the soil to a depth of 3 feet on cotton |
from April 20 to October 20 are shown in Figure 4. M
rainfall is usually low, less than an inch, during the winter, t
it increases with a peak in May and September The mid-sumr
depression of rainfall extends from June 15 to August 15 w
crops normally require the most water.

Figure 4 shows that soil moisture accumulates over a pe
of about 8 months, beginning about October 1 and reaching a |
on May 20. It is then depleted by crops during June, July, Au;
and September. From May 20 to August 20, the growth of u;‘

Table 4. Intensity of rainfall at Spur in relation to runoff, 192

No. A::;’:f';t““ Character of rain, inches!
Year "2“‘? producing
pl;.(:l::fl;‘ 2 "i‘:“éi’lfefs- Torrential Medium Slow
1926 14 25.30 8.78 6.97 9.55
1927 10 10.92 5.80 1.45 3.67
1928 17 12.60 8.47 2.71 1.42
1929 10 10.17 6.01 .90 3.26
1930 9 12.46 5.58 .21 6.67
1931 10 8.60 4.17 2.39 1.44
1932 12 19.65 5.27 2.29 12.09
1933 9 9.65 4.65 1.05 3.95
1934 5 5.35 3.21 .82 1.32
1935 10 13.42 7.06 2.18 4.18
1936 11 14.34 7.82 1.34 5.18
1937 6 12.63 5.41 2.23 4.99
1938 9 12.59 6.78 1.57 4.24
1939 6 7.20 3.30 1.38 2.52
1940 5 5.71 2.66 .28 2.77
1941 12 34.46 16.90 3.06 14.50
1942 12 18.22 8.25 2.18 7.79
1943 5 10.34 6.70 1.35 2.29
1944 7 6.65 3.74 93 1.98
1945 5 10.42 4.18 60 5.64
1946 4 9.74 3.75 3.23 2.76
1947 4 9.10 1.84 1.00 6.24
Average 8.7 12.68 5.92 1.82 4.93
Percent total ramfall
pr ing run-off 46.69 14.35 38.88

1Torrential—intensity of more than .75 inch per hour.
Medium—intensity between .40 and .75 inch per hour.
Slow—intensity of less than .40 inch per hour.
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_Jon. Feb. Mar. Apr. May Jun. Jul Aug. Sep. Oct. Nov. Dec.

figure 3. Distribution of monthly rainfall that has occurred in rain
ds of over 2 inches, 1911-52.

y soil moisture has accumulated prior to planting, it serves as
erve to be used by the plants to supplement rainfall.

n the event little or no soil moisture has accumulated prior
anting, the crop will be entirely dependent on above normal
ely distribution of rainfall. The heaviest use of water by
s occurs during the mid-summer depression of rainfall. Only
- in the 22-year period has the summer rainfall been ample
roduce good crops without an adequate moisture reserve in

Rainfall \ S

\ 2
\, -7 Soil moisture

1 1 1 1 1 1 1 1 1 1 1
Feb. Mar. Apr. May June July Aug Sep. Oct. Nov. Dec
20 20 20 20 20 20 20 20 20 20 20

figure 4. Average rainfall and average available soil moisture in the
3 feet, by monthly periods, 1930-52.
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Soil Types

The amount of moisture that can be stored in the soil
plant use is largely dependent on the texture, structure and d
of the soil. The heavy clay and clay loam soils that predomi
on the Rolling Plains have a high water holding capacity and
retain from 8 to 12 inches or more of available water in the r
zone of crops. These soils are fertile but usually are drouthy
to the relatively slow rate of infiltration and to moderate to he:
losses of rainfall as runoff and evaporation. Conservation practi
that tend to overcome the low rate of infiltration by retar
runoff increase the amount and depth of penetration of mois
and increase the storage of moisture in the soil.

The sandy or light soils that are usually underlain by a
sandy clay subsoil are highly prized for crop production

Table 5. Total inches of percolate from lysimeters at Spur, summary

Size Total Depth of soil and manure in lysimeter K
of rain, rainfall, 2 inches | 4 inches | 8 inches
inches inches Sand | Clay | Manure | Sand | Clay | Manure | Sand | Clay | M

0 to .50 25.18 .82 .65 2.17 .60 37 1.97 44 " N
.51 to 1.00 22.00 6.97 2.71 12.82 1.76 .53 12.61 .41 4

1.01 to 2.00 25.42 11.68 9.10 17.94 7.81 4.52 17.54 3.33
2.01 to 3.00 16.75 11.05 8.98 14.15 8.50 6.46 13.37 5.61
3.01 & over 18.31 12,77 1091 15.91 10.70 9.31  15.87 8.89
Total 107.66 43.29 32.35 62.99 29.37 21.19 61.16 18.68
Y% 40.20  30.00 58.50 27.30 19.60  56.80 17.40

©
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per cent rainfall percolating below 4 inch depth
$

“—clay loom
20
10
i Oto.5 2t03

AT Ito2
Size of rointall, inches

Figure 5. Effect of size of rainfall on percent of rainfall percol
through 4-inch layers of three materials.
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on. These soils are usually not as fertile as the heavy clay
i, but since they absorb water readily runoff is not a serious
or. Since moisture tends to penetrate deeper on these sandy
, evaporation losses are small and crops often benefit from
t showers. On the heavy clay soils, these small showers are
om effective. Generally, when rainfall is below normal, the
ly soils are usually the most productive and dependable;
ever, the more fertile clay soils produce the highest yields when
fall is above normal.

Since the heavy soils usually occupy flatter slopes and receive
off from steeper surrounding areas, more water is available
these soils than the total rainfall might indicate. The increased
stration of water helps counteract the high evaporation losses.

o show the amount of rainfall that might be expected to
'ate to various depths in soils of different texture, a series
simeters were filled in duplicate with clay loam and fine sandy
| to depths of 2, 4 and 8 inches. Four lysimeters were filled
| well-decayed manure to the same depths as the mineral soil
erials. The water that penetrated below the various depths
measured. It was found that 30 percent of the annual rainfall
strated the clay loam, 40 percent penetrated the sandy loam and
ercent penetrated the manure to a depth of 2 inches, Table 5.
5 shows the effect of the amount of rainfall on the percent
penetrated below a depth of 4 inches of a clay loam soil, fine
v loam and well-decayed manure. Under field conditions,
re heavier runoff usually occurs on clay soils, even greater
erences in penetration of moisture could be expected between
sandy and clay loam soils. The larger amount of rainfall
h penetrated through the well-decayed manure strongly sug-
3 the possibility of using mulches and crop residues that will
ease the amount of moisture penetration on clay soils.

#

poration

The loss of moisture by evaporation from the soil surface
elatively high. A measure of the combined effect of high
serature, high wind movement and low humidity on evaporation
s from a free water surface is shown in Table 1. Moisture
8 from the soil are much lower since the surface is dry much
he time. Nevertheless, on small fallowed areas of Abilene
loam bordered to prevent runoff, over 60 percent of the
all that fell during a 2-year study at Spur failed to become
d moisture. Similar and even greater losses by evaporation
 the soil surface have been reported on the High Plains (5)
During the hot summer, moisture losses of one-half inch or
- may occur from the surface 6 inches of clay soils by
oration within a few days after a rain. The moisture stored
v a depth of 6 inches, however, is relatively stable and losses
lo evaporation are negligible (3). These data show that losses
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due to evaporation may be reduced by increasing the depth |
moisture penetration. On sandy loam soils, a given amount
rainfall will penetrate to greater depths and losses by evaporati

3

will be less than from clay loam soils (8). Farming prae c

penetration (6) and maintain a good cover of crop residues on )
surface (4) aid deeper penetration of moisture and greatly increa
the amount of water available for plant growth. 3

Crops and Slope

The crop grown and the slope of the land are addition
factors that influence runoff and soil moisture accumulatic

Table 6. Effect of crops on runoff and soil loss on land with 2 percent :
Spur, 1926-51

Average annual Average annual ;

Crop runoff, inches loss, tons per acl
Cotton 3.65 7.2
Grain sorghum 2.76 3.8
Fallow 5.00 155
Buffalo grass .94 R

A good cover of buffalo grass offers the most effective means
reduce runoff, followed in effectiveness by grain sorghum, cofi
and then fallow, Table 6. The canopy effect, litter and vegetati
residues of grass, sorghum and wheat, when maintained on
near the soil surface, lessen the impact of raindrops, offer resista
to movement of water over the surface and reduce losses fr
drying winds (7). These crops use large amounts of wa
rapidly over a greater part of the season and leave storage sp

Table 7. Effect of slope on runoff and soil loss on land in continuous
Spur, 1926-51

Slope Average annual Average annual
percent runoff, inches loss, tons per ¢

0 1.99 23
1 3.71 5.4
2 3.65 7.2
3 3.88 8.2

Figure 6. Relative amounts of water that percolated various dep h
fine sandy loam and clay loam soils following a rain of 2.62 inches. D
penetration of moisture on the sandy soils helps reduce losses from evaporal
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le soil for more moisture. Cotton, on the other hand, does
ovide much vegetative residue and uses water more slowly,
pt during July and August. On clean tilled land in cotton and
r low-residue crops, including fallow, provision should be
2 to reduce runoff and evaporation to permit the maximum
tration of moisture.

Soil moisture penetration and accumulation generally tend
screase as the slope of the land increases. The relative runoff
erosion losses from small plots are shown in Table 7. The
of the plots was established by the movement of soil and
results probably do not reflect actual losses that might occur
er field conditions. The greatest increase in runoff occurred
n the slope was increased from level or zero to 1 percent.
ion, on the other hand, increased markedly with each increase
e slope of the plots.

servation Practices

e effects of the foregoing factors often may be modified
iably by the use of conservation practices to increase the
unt of water available for plant use. Research was undertaken
jpur in 1926 to determine the effect of terracing, contouring
~water spreading on soil moisture content, runoff and yield
’,; on. The effect of these practices in 1ncreas1ng the depth of
ture penetration and accumulation is shown in Table 8. For
16-year period, 1937-52 the total available water in the upper
et of soil on May 20 was increased from 3.06 inches from
ight row farming to 3.33 and 3.72 inches, respectively, by
ing and contouring supplemented with closed level terraces.
ome years, there was more available moisture on areas with
in the direction of the slope because the limited growth of
on the previous year resulted in a carryover of moisture.

On relatively level areas of land, contouring supplemented
osed level terraces also greatly reduced or actually prevented

» 8. Effect of conservation practices on the total available moisture in
the upper 5 feet of soil at Spur on May 20

Available moisture, inches

Rows on contour

Rows with slope Rows on contour supplemented with

closed level terraces
4.64 4.48 5.16
4.82 5.10 5.50
1.23 .66 .76
1.12 1.90 1.45
6.03 6.27 4.88
7.27 6.78 7.00
4.53 4.78 5.09
2.18 1.62 2.22
2.13 2.06 2.10
2.17 3.54 4.13
4.10 4.84 5.87
1.85 1.66 2.31
2.35 4.35 4.73
1.07 1.06 3.30
1.50 2.33 2.81
1.97 1.83 2.29
48.96 53.26 59.60

3.06 3.33 3.72




- B

runoff and markedly increased the yield of cotton. The use
runoff water to increase the available moisture in the soil I
materially increased the yield of cotton, wheat, sorghums a
native grass. Other conservation practlces, such as crop resi
management and tillage, which help maintain a cloddy surfa
play an important part in determining the amount of availal
water stored in the soil.

Exploratory studies with crop residues of sorghum app
to cotton land over a 2-year period show that the depth of moist
penetration was greatly increased. Application of 20 tons
air-dry sorghum litter per acre increased the yield of lint coff
from 106 to 228 pounds on land with a 0.5 percent slope wl
the rows ran in the direction of the slope. On land that ¥
contoured and terraced to prevent runoff, the yield of lint cof
was increased from 331 pounds to 402 pounds per acre by f
application of litter.

On land that has more than 1 percent slope, a combinatio
contouring with closed level terraces, supplemented with e
residue management and desirable tillage practices, will usu:
furnish the best opportunity for increasing the amount of we
stored in the soil.

UTILIZATION OF SOIL MOISTURE

The quantity of soil moisture that may be utilized by a crc
largely determined by the length of its growing season, de
and nature of the root system, soil texture and the amount
distribution of rainfall. The native grasses and associated pla
commonly found on rangelands of the Rolling Plains can uti
soil moisture throughout the winter and summer, thus provic
a large potential reservoir for moisture. The native grasses h
long, fibrous root systems that will utilize soil moisture to dej
of 4 to 6 feet or more. Cotton requires a long season for nor
growth and development, yet, unlike native grass, it makes
greatest demand for water over a 90-day period from about |
20 to September 20 during the blooming and heavy fruiting si
of growth, Figure 7. Cotton has a root system that will uf
soil moisture to a depth of 3 to 5 feet; under some conditiol
may remove moisture in the subsoil to depths of 6 feet or n
The well-developed, deep root system and the indeterminate fru;
habit of cotton enable it to withstand considerable drouth and
temperature and still produce good to excellent yields.

Sorghums have fibrous root systems that utilize soil moi
effectively in the upper 2 to 3 feet of soil but do not u
moisture as deeply as cotton, wheat or native grasses. Ar
moisture at the heading stage is needed to produce satisfae
yields.
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casionally, favorable distribution of rainfall following plant-
I bring about heavy vegetative growth of cotton and sorghum
) rly-developed shallow root systems. If an ample supply
0il moisture is available, cotton and sorghums can withstand

th and high temperatures which prevail during the latter

of the season (9). On the other hand, if the available
ire in the soil is low, cotton and sorghums deteriorate rapidly
e onset of drouth, since the above-ground growth is too
to be sustained by the shallow root system and limited
ble moisture supply. Root systems of cotton, buffalo grass,
and mesquite that have been removed from Abilene clay
oils during seasons when subsoil moisture was well above
‘are shown in Figures 8, 9 and 10.

APR. MAY JUNE JULY AUG. SERT, OCT

g'ure 7. Seasonal use of soil water by cotton and native grass.

CT OF AVAILABLE MOISTURE AT PLANTING TIME
: ON THE YIELD OF COTTON

amount of available water stored in the soil on land
nously planted to cotton is normally highest during the
. It declines to a low point during the latter part of July
ugust when high temperatures prevail and cotton plants
fruiting and require large amounts of water to sustain
and development. If ample moisture is stored in the soil
iting time, it serves as a reserve for such deep-rooted plants
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Figure 8. Root systems of buffalo grass and wheat that extended
depths of over 6 feet when moisture was stored in the subsoil.
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MEBoUITE B ’rnulo;b‘
OH UNBRAIED BRABSLANG

Figure 9. Root system of mesquite seedling and above-ground growth
nesquite seedling. Deep soils offer excellent opportunities to store large
unts of water in the soil for plant use.



Figure 1 Root system of cotton when the soil was wet to a dept
6 feet at planting time. The moisture stored below a depth of 1 foot s
as a reservoir for plants during periods of scanty rainfall. }




BT

otton when summer rainfall is scanty or poorly distributed.
close relationship between the average amount of available
* stored in the soil on May 20, normally the optimum time
lanting cotton at Spur, and the average yield of cotton for the
ar period, 1930-52, is shown in Figure 11. Cotton was
oyed by hail in 1932 and the data for that year are omitted.

5
<«—cotton yield 4;
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Years

E’& e 11. Available moisture in the second and third foot of soil at
g time and yield of lint cotton, 1930-52.

‘here were only 2 seasons during the 22-year period when
mount of available water at planting time gave only a fair
on of the probable yield of cotton. A combination of early
vegetative growth of cotton followed by extremely high
eratures in August greatly reduced the expected yield in
_ The other instance occurred in 1949 when almost ideal
bution of summer rainfall in ample amounts provided suffi-
moisture to produce an excellent crop of cotton with only
erage amount of available moisture stored in the soil on
20. This favorable rainfall condition, combined with only an
amount of moisture in the soil at planting time, occurred
once during the 22-year period.

[he relation between the amount of available moisture at
ng time and the yield of cotton may be expressed mathe-
ally as a correlation coefficient. This relation was determined
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for available moisture content of the soil to a depth of 3 feet f
1930 to 1952 on April 20, May 20 and June 20. The hig
correlation coefficient, 0.747, between available moisture and y
of cotton was found for the moisture content of the second
third feet of soil on May 20, Table 9. The relationship bety

available moisture and cotton yield was slightly lower for d
minations made on June 20 and much lower for those on Apri
By omitting the moisture content of the first foot of soil, W
fluctuates greatly due to losses by evaporation and weed gro
the relationship was improved on all dates. The available mois
content of soil to a depth of 5 feet on May 20 for the
1937-52, did not affect the correlation coefficient when comp
with the moisture content to a depth of 3 feet. %

Table 9. Correlation coefficients for available water and yield of ¢

at Spur
Date of Depth of sampling the soil
moisture
determination 0 to 3 feet
April 20 L5651
May 20 .6901
June 20 .660*

1Highly significant.

the soil on May 20 and the yield of cotton from 1930 to
The close association between these two variables is s
graphically in Figure 11. It is remarkable that such a high d
of association exists since other factors, such as insect depred
extremes of temperature and rainfall and many othe
influence the yield of cotton. Figure 12 shows the expect
of cotton for varying amounts of moisture stored in the s
planting time. With one-half inch of available moisture i

Table 10. Available soil moisture by field areas in the second and thi
at planting time (May 20), Spur, 1930-52
Available soil moisture, inches

I R T e O R T N e e
1930 T SRR TR ¢ I 7 ISR T TR DT ais T S Y TR LT

1931 2.00 1.44 211 1.86 1.99 1.89 2.46 1.06 2.30 2.55

1933 2.39 2.0 252 . 1.74 - 2.06 . 2.05 2.6 229/ 2.39  2.89') 2.0
1934 3207268 0L 0 66 1,657 306, SL005 5285 = 1A T
1935 1060 .60 1747 1587 02:02° 204 12,61, ¢ 180, = 1.87:0 1,76 F NG
1936 1.60° 71,49\, 1817 .90 '1.68. 168 - 1,37, BT, | 1.76 7 1200l
1937 2.34 264 2267 2:27 " 2.361//2.20 " 2.52 ' 2:0F |- 2/07! 260 I0HE
1938 2.30 221 2,04 256 2.80 '2.31 244 212 1.45 ' 2.87 134
1939 AESETeT ATig1 st IR e s T TR0 g Mg e
1940 65 AT C1.09 022 05 UET W68 60 208 J55E N
1941 2.87 3.5 2.89 2.94 275 3.21 3.45 249 269 2.61 2.60
1942 3.04 331 3.06 2385 223 297 317 220 292 241 248
1943 221 1.82 230 156 1.0 1.94 2.09 1.43 1.70 2.52 1.38

Year i

1944 .69 a7 .58 .96 .30 75 .37 .39 .61 .31 .61
1945 1.31 - 1.55. 1,67 . 1.68 ;. 118 < 1.18- 1.67" ;1.02" [ 1.27 .82 98
1946 1.18 .99 1.79
1947 2.25 2.21 3.02
1948 .60 .69 1.05
1949 1.19 .69 2.25
1950 .29 .25 1.31
1951 .48 24 .38
1952 .64 .51 .69

Total 29.57 27.87 26.10 22.54 22.65 35.29° 28.62 18.12 22.91 25.16 16.53
Av 134 1.27.- 1.74 . 1.50 . 1.51 '1.60  1.91 . 121" - 1,53 " 1.68 1N
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Table 11. Yield of cotton on field areas, Spur, 1930-52
Yield of cotton, pounds lint per acre
R L R e R S L U e
9 37 46 33 104 129 85 87 75
186 186 190 145 229 242 159 187 199
325 371 442 337 441 521 339 426 435 510 459 463
0 0 0 0 0 0 0 0 0 0 0 0
118 127 191 101 270 254 98 191 185 92 221 201
39 38 43 36 55 51 16 31 39 17 27 39
186 170 161 150 292 242 98 122 143 125 146 215
147 163 186 163 236 182 150 191 201 150 189 208
6 8 15 17 2 0 15 15 27 0 0 0
21 40 61 39 52 82 30 51 51 27 57 62
442 442 429 451 478 421 388 433 419 341 421 415
285 255 306 285 310 260 288 303 274 275 331 288
77 125 105 102 162 128 121 123 136 99 114 149
61 102 89 96 96 89 85 98 114 73 93 117
63 80 71 82 89 76 59 68 79 53 55 84
116 177
150 211
108 190
193 534
111 187
39 229
8 46
2750 2154 2335 2037 4390 2677 1931 2326 2377 1762 2113 2241
125 144 156 136 200 178 129 155 158 136 163 172

d and third feet of soil, the average yield per acre has been
unds of lint cotton. When there was one inch of available
f’ e in the soil, the yield increased to 89 pounds of lint per
- For amounts of 2.00, 3.00 and 4.00 inches of available
ire at planting time, the yields were 187, 330 and 518

Is of lint per acre, respectively. Each additional amount of

greatly 1ncreased the yield of cotton, especially when the

]

) Imt cotton, 1930-

52.

o 2 3
Inches of available water in the second and third foot of soil on May 20

4

gure 12. Relation between available soil moisture at planting time and
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available moisture was above the minimum amount required
normal growth. |

RELATION OF DEPTH OF SOIL MOISTURE AT PLANT :;
TIME TO THE YIELD OF COTTON

Even though the quantity of available soil moisture at planf
time serves as a reliable yardstick of probable cotton product
it is a measure that is difficult to use. Certain basic informa
such as field capacity, minimum point of exhaustion and vol
weight of the soil, must be known to determine the amoun
available moisture in the soil. For widespread use by the gro
Table 12. Relation between depth of soil moisture at planting time and

of cotton, Spur 1930-52

Depth of No. Ay. yield Percent of cases when yield was
moisture of lint lbs.

feet cases per acre 0-99 1bs. | 100-199 Ibs. | 200-2991Ibs. | 3

1 64 44 91 8 2
2 37 104 57 41 0
3 53 170 25 49 17
4 56 300 0 29 23

Total 210 32,534

Av. 155 44 30 11

®
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Figure 13. Effect of depth of soil moisture at planting time (Ml
on the yield of cotton.

o
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simple and easy method of evaluating soil moisture is needed.
rtunately, the depth of moisture is a good measure of the amount
water stored in the soil (2, 6). When water penetrates a dry
l, the first foot must be wet to its carrying capacity before
y water can reach the second foot.  The same holds true
r movement of water to the soil layers at lower depths. The
ange from a wet to a dry zone of soil usually occurs within
y a few inches and can be easily observed. If the soil contains
ough moisture to form a firm ball when pressed between the
gers, it may be considered wet. Analysis of available moisture
in view of depth of penetration showed that any foot-section
he soil that contained more than one-half inch of available
re should be considered wet. Thus, if the first foot contained
¢ than one-half inch available moisture and the second foot
owed less than one-half inch, the soil was considered to be wet
ly 1 foot deep. The same method was used to determine the
pth of moisture in the second and third foot layers of soil. For
e fourth foot, the soil was considered wet when the third foot

- The effect of depth of soil moisture at planting time on the
eld of cotton is shown in Table 12 and Figure 13. Of a total of
0 plot-years, there were 64 cases when moisture was only a foot
ep or less at planting time. The average yield of lint cotton
as 44 pounds per acre; in 91 percent of the cases, the yield was
s than 100 pounds of cotton. Timely rainfall during the summer
| 8 percent of the cases resulted in yields of 100 to 200 pounds,
nd in only 2 percent of the cases were yields over 200 pounds.
0 yields of over 300 pounds per acre were produced when the
il was wet only 1 foot deep at planting time. Under these
nditions, there is only 1 chance in 10 that yields of over 100
unds of cotton will be produced.

There were 37 cases when the soil was wet 2 feet deep at
anting time and the average yield was 104 pounds of lint cotton
T acre. In 57 percent of the cases, yields were below 100 pounds
1d in 41 percent of the cases they ranged from 100 to 200 pounds.
nly 3 percent of the crops yielded over 300 pounds per acre.
J‘n h moisture 2 feet deep at planting time, there are only 4 chances
t of 10 that the yields will exceed 100 pounds of cotton per acre.

When the soil was wet 3 feet deep (53 cases), the average
eld of lint cotton was 170 pounds per acre. Twenty-five percent
' the crops produced less than 100 pounds of cotton, 49 percent
oduced yields between 100 and 200 pounds and 26 percent of
e yields were over 200 pounds per acre. With 3 feet of moisture
 planting time, the chances are 3 to 1 that yields will be over
0 pounds and 1 to 3 that yields will be above 200 pounds of cotton
r acre. There is 1 chance in 10 that the yields will be above
0 pounds.
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When the soil was wet 4 feet deep at planting time (56
the average yield was 300 pounds of lint cotton per acre. N
of the crops produced less than 100 pounds per acre and 71 per
produced over 200 pounds. Forty-eight percent of the a
yielded over 300 pounds. The odds of producing yields of ¢
200 pounds are approximately 3 to 1 with no yields below
pounds.

+

EFFECT OF PRESEASONAL RAINFALL ON THE {
YIELD OF COTTON '

There is a close relation between preseasonal rainfall and
yield of cotton. During most seasons, moisture accumulates in
soil on land planted to cotton from rainfall received during
winter and spring when no crop is grown on the land. Occas
however, moisture may remain in the soil from late summer
fall on land continuously planted to cotton because of heavy rain

or as a result of crop failures, poor stands or other reasons.

Table 13 shows the amount of preseasonal moisture and |
yield of lint cotton for the 35-year perlod 1914-52. If the@
are classified into groups with varying amounts of total rai
received during the period November 1 to June 1, a good indie

Table 13. Preseasonal rainfall and yield of cotton, Spur, 1914-52

Total rainfall,
Year?! Nov. 1 to June 1,
inches
1913-14 18.71
15 18.09
4.53
18 4.07
19 13.77
= 4.44
22 11.87
23 8.77
24 7.99
25 8.21
26 10.14
27 6.70
28 6.51
30 4.92
31 9.43
33 8.51
34 7.76
35 8.79
36 8.73
37 7.14
38 9.55
39 5.93
40 5.50
41 18.87
42 6.88
43 6.33
44 9.49
45 7.60
46 5.47
47 11.81
48 9.35
49 12.14
50 8.68
51 6.69
52 5.86
Average 8.84

1The cotton crops were destroyed by hail in 1916, 1920, 1929 and 1932. Therefore th
are omitted.
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he yields of cotton is obtained. The average rainfall from
smber 1 to June 1 was 8.84 inches. Table 14 shows that when
ainfall was less than 8.00 inches, the average yield of cotton
ed to be below normal, and when rainfall was above 8.00 inches
e average yields were produced. Thus, with a total rainfall
to 8 inches from November 1 to June 1, the yield was 126
ds of lint cotton per acre. If the rainfall ranged from 8 to 12
es, the average yield increased to 188 pounds, and to 427
nds per acre when the rainfall from November 1 to June 1
sded 12 inches.

Even though there is a close relationship between the amount
reseasonal rainfall and the yield of cotton, the large number
oor crops produced when rainfall was above normal and several
| crops when rainfall was below normal, indicate this measure
timating yields of cotton is not too rehable even though easily

14, Effect of preseasonal rainfall, November 1 to June 1, on lint cotton
yields, Spur, 1914-52

Number of cotton crops producing Average yield
of lint cotton
0-100 Ibs. | 100-200 | 200-300 | 300 & over per acre
1 6 3 1 126
4 7 ¥ 2 188
0 0 0 5 427

s, Such factors as moisture stored in the soil prior to
ember 1, losses of rainfall due to runoff and evaporation from
soil, especially following small ineffective showers, losses due
veed growth and occasional late growth of cotton, make it
rable to determine the actual amount of water in the soil,
t least the depth of moisture penetration.

-.CT OF SUMMER RAINFALL ON THE YIELD OF COTTON

‘Once cotton is planted, the amount and distribution of rainfall
ng the summer is of great concern to the grower. Even
igh available soil moisture at planting time greatly influences
yield of cotton, it is not presumed that high yields can be
duced without any summer rainfall. If ample amounts of
-distributed rainfall should occur throughout the growing
son, the amount of moisture in the soil at planting time would
e little or no influence on yields. Rainfall during the summer
yield of cotton from 1914 through 1952 are shown in Table 15.
data from 1930 through 1952 show, however, that there is
e likelihood of producing high yields of cotton when either
le moisture at planting time or summer rainfall, from June
ctober 31, is well below the average, Table 16. The highest
age yield, 239 pounds of lint cotton per acre, was produced
n both the available moisture at planting time and summer
were above normal. If soil moisture was above normal
ting time and the summer rainfall was below normal, the
age yield was 198 pounds of lint cotton. The yield dropped to
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142 pounds per acre when soil moisture at planting time was beloy
normal and was followed by above normal rainfall during tt
summer. If both available soil moisture at planting time an
summer rainfall were below normal, the yield averaged only 1
pounds of lint cotton per acre.

Table 15. Summer rainfall and yield of lint cotton, Spur, 1914-52

Total rainfall, Average yiel
Year?! June 1 to October 31, of lint cottor
inches 1bs. per acre
1914 18.51
1915 19.14
1917 10.68
1918 8.13
1919 7.35
1921 8.62
1922 5.68
1923 14.76
1924 6.33
1925 16.93
1926 25.18
1927 12.22
1928 12.14
1930 10.80
1931 6.76
1933 9.35
1934 4.75
1935 14.81
1936 16.93
1937 13.57
1938 10.09
1939 6.71
1940 6.12
1941 26.32
1942 15.14
1943 10.99
1944 9.60
1945 15.76
1946 12.35
1947 3.09
1948 8.62
1949 16.49
1950 14.20
1951 14.58
1952 4.55
Average 11.92 188

1The cotton crops were destroyed by hail in 1916, 1920, 1929 and 1932. Therefore, these e
are omitted.

Table 16. Effect of summer rainfall on the yield of lint cotton at Spur, w
varying amounts of available moisture at planting time

Nnliome Rainfall, No.
planting time June 1 to Oct. 31 cases
Above average Above average 55
Above average Below average 50
Below average Above average 35
Below average Below average 70

EFFECT OF CONSERVATION PRACTICES ON COTTON
PRODUCTION, RUNOFF AND SOIL MOISTURE

The use of conservation practices to store greater quanti
of water in the soil offers unlimited possibilities to reduce rune
and erosion, increase yields of crops and stabilize farming on |
Rolling Plains. The effect of terracing and contouring on runof
available soil moisture, yields of lint cotton and gross returns



Table 17. Effect of conservation practices at Spur on runoff, available soil moisture at planting time (May 20), yield of
lint cotton and value of crop

CONSERVATION

PRACTICES

None (Rows with Slope)

Rows on Contour

Rows on contour supplemented with

closed level terraces

Year
Rainfall, Runoff, | Moisture, “}::ell:’s. ;:f:: Runoff, | Moisture, ]iz:;elﬂ,’s‘ vﬁf:: Runoff, | Moisture, li}\,;ell%s. vAalc‘::
inches inches inches? per acre dollarss inches inches? per acre dallize’ inches | inches? per acre dGllhesn
1927 16.12 38 1 239 55.14 15 1 240 55.37 0 = 279 64.27
1928 19.99 2.88 1 58 12.66 3.73 2 111 24.23 0 1 217 46.36
1929 14.76 2.52 1 04 00 2.13 04 00 0 1 0 00
1930 18.50 1.49 .02 9 1.08 .72 25 34 4.07 0 1.27 104 12.47
1931 16.46 .36 1.44 186 12.57 .05 2.00 202 13.66 0 1.89 229 15.47
1932 27.70 2.83 05 00 1.70 a 05 00 0 2 05 00
1933 15.59 .90 2.10 325 37.42 31 2.39 340 37.88 0 2.05 441 50.78
1934 12.88 19 .53 0 00 .28 12 0° 00 0 .65 0° 00
1935 23.78 3.06 .60 118 16.82 2.55 1.06 186 26.51 0 2.04 270 38.47
1936 24.47 3.98 1.49 39 5.65 1.99 1.60 50 7.27 0 1.68 55 7.98
1937 20.28 4.16 2.64 186 23.53 2.07 2.34 193 24.42 0 2.20 292 36.95
1938 19.96 3.24 2.21 147 14.01 2.18 2.30 176 16.78 0 2.31 236 22.50
1939 13.06 .50 .19 6 .70 .20 41 2 .24 0 11 2 24
1940 15.58 2.28 47 21 2.29 .90 .65 41 4.47 0 57 52 5.66
1941 42.87 12.60 3.15 442 79.12 13.17 2.87 497 88.97 0 3.21 478 85.55
1942 23.10 2.91 3.31 285 58.38 .68 3.04 331 67.7 0 2.97 310 63.48
1943 17.80 2.87 1.82 i 18.75 1.64 2.21 106 25.80 0 1.94 162 39.44
1944 21.32 98 7 61 16.21 19 .69 73 20.74 0 .75 96 25.51
1945 19.59 3.53 1.55 63 17.28 2.41 1.31 58 15.92 0 1.16 89 24.42
1946 18.75 1 .99 116 42.48 1 1.18 136 49.82 1.79 177 64.85
1947 17.07 1 2.21 150 54.12 : 2.25 167 60.36 3.02 211 79.93
1948 14.33 1 .69 108 38.17 1 .60 125 54.17 1.05 190 67.17
1949 29.18 3 .69 193 56.67 X 119 430 126.25 2.25 534 147.38
1950 21.86 1 .25 111 51.59 1 29 125 58.09 1.31 187 86.92
1951 21.24 1 24 99 40.71 i .48 159 65.39 .38 229 94.19
1952 12.49 X .51 8 2.25 i .64 16 5.34 .69 46 15.23
Total 518.73 27.87 3047 657.90 29.57 3793 843.54 35.29 4886 1095.22
Av. 19.95 2.75 1.27 117 25.30 1.95 1.34 146 32.44 0 1.60 188 42.12

1Records not available.
2In second and third feet of soil.

3Based on actual prices received on local market for lint and seed.

4Crop destroyed by hail in September.
5Crop destroyed by bollworms.
9Crop failed because of drouth.



Figure 14. Cotton crop that produced 441 pounds of lint per acre
land that was contoured and terraced to prevent runoff and erosion. An
cellent “bottom season” of moisture at planting time was largely responsi
for the high yield of cotton. Over a 26-year period, the average yield has b
188 pounds on land that has been farmed on the contour with closed I
terraces. ]

field plots since 1927. The erratic nature of the rainfall is reflee
in extreme variations in runoff, soil moisture and yields of cott

The practice of contouring reduced runoff from 2.75 inches
straight-row farming on land with 0.5 percent slope to 1.95 ine
and increased the yield of cotton 29 pounds per acre. The increa
annual gross returns for contour farming over straight-row farm

Figure 15. Cotton crop that produced 61 pounds per acre on land i
straight rows and “no bottom season of moisture” at the time of plan
The average yield over a 26-year period has been 117 pounds of lint per :
on land farmed with rows up and down the slope. The average runoff
been 2.75 inches.
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aged $7.14 per acre. Since little or no additional labor was
cessary to farm on the contour, the increased return may be
dered clear profit. The use of closed level terraces in
njunction with contouring prevented runoff, increased the yield
‘cotton 71 pounds per acre over straight-row farming and
creased the moisture content of the soil. In addition to the

_’:’trol of runoff and erosion, the annual value of the increased

- Figure 16. Following a rain of 1.08 inch on June 4, 1937, where cotton
s 4 inches high. There was no water lost from the area having contoured
ws, but the run-off from the area with straight rows was .70 inch, and the
ope on these rows is only 0.5 percent. These pictures were made within an
ur after the rain had stopped falling.
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cotton production was $16.82 per acre from the use of close
level terraces and contour farming. The portion of the increases
annual return attributed to terracing, $9.68 per acre, far exceeds
the average cost of $5.00 to $8.00 per acre required once ever;
10 years for bumilding and maintaining terraces. ‘

The prevention of runoff by the use of closed level terraces
largely accounts for the increased cotton production. Reducin;
the runoff by one acre-inch increased the acre yield of lin
approximately 26 pounds with a value of $5.51. The value of on
acre-foot of water saved averaged $66.12.

The average moisture content of the second and third feet o
soil at planting time on closed level terraced areas was 1.60 inches
as compared with 1.27 inches on areas with rows in the directio
of the slope. Moisture stored in the subsoil is less subject to losse
by evaporation and weed growth, hence leaving a greater amoun
of moisture available to deep-rooted crops such as cotton. Th
value of subsoil moisture is indicated by the fact that eacl
additional inch of moisture stored in the subsoil at planting timi
increased the average yield of lint cotton approximately 107 pound
per acre. 3

On the land that was contoured and terraced to prevent runof
and erosion, the highest yield of cotton, 534 pounds per acre, wai
produced after 23 years of continuous cotton production. O
contoured land, relatively high yields also were produced after.
long period of cotton production. On areas with straight rows
the highest yield, 442 pounds, was produced after 15 years ¢
continuous cotton production.

The heavy clay loam soils have not responded to applications
nitrogen and phosphorus fertilizer, even when moisture condition
have been highly favorable. :

VALUE AND USE OF SOIL MOISTURE INFORMATION

Since the productivity of heavy soils on the Rolling Plains
largely dependent on available moisture stored in the subsoil, evel
effort should be made by farmers to conserve most of the rainfal
Effective methods include contouring, terracing, water spreadin
management of crop residue, tillage practices and other mear
that reduce runoff, increase depth of moisture penetration an
reduce evaporation.

The close relation between the amount of available moisture
planting time and the yield of cotton may be used by the farme
as a valuable guide for planning his farming operations. Th
information also serves as a valuable yardstick for business a
industry connected with agriculture in the region. Informati
on the likelihood of producing poor, fair and good to excellel



Figure 17. TUse of level terraces to spread water and prevent runoff has
id big dividends on land with less than 1 percent slope. Above, a station field
llowing a 5-inch rain. Below, a crop of Early Hegari produced on the land
at year.
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yields of cotton at planting time permits adjustments to be mac
early enough in the season, according to probable yield and retur
from different crops, to help stabilize farming and business.

The grower, business man and others whose economy
largely dependent on cotton production, should determine £
amount of preseasonal rainfall during the winter and early sp
This information will serve as a general guide for the area of t
amount of moisture that likely will be stored in the soil at planti
time, but will vary according to amount of runoff, character
rainfall, previous crop, slope, soil type, preparation of the la
and other factors. In most instances, extremes of rainfall, eitl
above or below normal, will give some indication of crop prospee

The grower will necessarily obtain the greatest benefit fr
soil moisture information by actually determining how deep ¢
soil is wet in his fields. If the soil is wet to a depth of 4 fi
or more prior to the planting of cotton, the grower has an excelle
chance to produce good to excellent yields with little likelihe
of failures. TUndoubtedly, he should expand his normal cott
acreage to take advantage of the favorable moisture conditio
Every opportunity should be taken to use good cultural practi
to obtain maximum yields. In some instances, this might ®

RN " WL R,

Figure 18. Tillage implements that leave the soil cloddy and mai
crop residues near the surface help reduce runoff, aid deep penetratio
moisture and reduce evaporation. E
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ean the trial of fertilizers, use of special weed control measures,
eparation for the control of insects and the use of other practices
it might benefit the crop when there is sufficient moisture to
yduce high yields.

If the soil is wet to a depth of 3 feet at planting time, the
reage of cotton may be expanded if the price outlook is favorable.
e odds are about 3 to 1 that yields will be greater than 100
unds of lint per acre and 1 to 3 that yields will exceed 200
unds. Every effort should be made to manage the production
cotton from the standpoint of cultural practices and insect and
ed control measures.

In those years when the soil is wet 2 feet deep at planting
me, the grower has approximately a 1 to 1 chance of producing
er 100 pounds of lint cotton per acre. The likelihood of
oducing less than 100 pounds is somewhat greater than of
oducing over 100 pounds. The grower probably should plant
tton on the most productive land and, perhaps, reduce his cotton
reage, depending on economic conditions and the opportunity to
lize other crops that require less labor and which fit into the
'm operations. Expenses and outlay of capital should be curtailed
nce the prospects of a good cotton crop are relatively poor. Such
ops as late planted grain sorghum, soil-building crops and forage
rehums offer good possibilities of reducing costs of production
hen moisture conditions are unfavorable. In some instances,
llow during the summer to improve moisture conditions may be
sirable for the fall seeding of wheat, or clean fallow may be
ed to control badly-infested fields of Johnson grass. The general
eme of farming under these conditions should be one of reducing
penditures and utilizing what moisture is available for temporary
d short-season crops.

When the soil is wet less than 1 foot deep at planting time,
e odds are about 9 to 1 that the yield of cotton will be less than
0 pounds per acre. There is little likelihood of producing yields
ove 200 pounds of cotton. Under these conditions, curtailment
expenditures should usually be the goal for all farm operations.
lly the most suitable areas of land should be planted to cotton
less other crops cannot be produced and utilized profitably. The
 of fallow, sorghums, soil-building and grazing crops, or others
at can be grown and harvested at low cost, offer the best means
coping with the unfavorable moisture conditions.

- Even though the probability of producing good to excellent
ops of cotton is largely governed by the amount of preseasonal
isture and subsoil moisture at planting time, with average
mmer rainfall, there always remains some chance of producing
od crops. The adjustment of cotton acreage to the probable
eld outlook should serve, however, as a valuable guide to make
e best use of moisture, equipment, land and other resources.
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SUMMARY

Crop production on the heavy soils of the Rolling Plaing
chiefly governed by the amount of water available for plant grow
Soil fertility seldom influences crop yields, except on the ligh
sandy soils when rainfall and soil moisture are more favorable.

Since available moisture limits crop production, major emphas
is placed on factors that influence the accumulation and utilizati
of soil moisture. ;

Results of 27 years of research at Substation No. 7 near Sp
on moisture conservation studies are reported in this bulletin. T
soils on which these studies were made include Abilene, Tillm:
and Weymouth clay loams with slopes ranging from 0.5 to
percent. The findings are applicable to 14 million acres of hea
soils on the Rolling Plains of Texas and indirectly to other are
where moisture limits crop production. '

The average annual rainfall for the 42-year period, 1911
was 20.85 inches. Extremes of rainfall have ranged from 11
inches in 1924 to 42.87 inches in 1941. Seventy-two percent
the annual rainfall occurs from May 1 to November 1 and
characterized by two peaks, one in May and one in Septemb
with a depression extending from June 15 to August 15. 1

Soil moisture accumulation is influenced largely by the amou
and character of rainfall, soil type, evaporation, crops, pla
residues, slope of land, tillage and conservation practices. ‘

Total rainfall is not a reliable index of the amount of moistu
available for plant use. Sixty-one percent of the annual rainf
produced runoff varying from .57 to 10.66 inches, with an avers
loss of 3.55 inches. Another 2.74 inches of the rainfall are lost
small, ineffective showers. For rainfall causing runoff, 5.92 inch
were torrential, 1.82 inches were moderate and 4.93 inches !
as gentle rain. Thirty-five percent of the annual rainfall fr
1912 through 1952 occurred in rain periods of 2 inches or mg
with the highest percentage of 2-inch rain periods occurring duri
August, September and October. Conservation of water fr
these heavy rain periods reduces runoff and erosion, benefits e
and offers excellent opportunities to store water in the soil
future plant use.

The clay loam soils have a high water-holding capacity a
provide an excellent storage place for moisture if steps are tak
to reduce runoff and evaporation. Moisture losses by evaporat
from the soil are relatively high but may be reduced by the 1
of practices that will increase the depth of moisture penetrati
and reduce losses from the surface. :

A good cover of buffalo grass provides the most effect
means to reduce runoff and erosion. Clean cultivated crops, st
as cotton or fallow, require the use of conservation practices
control runoff and erosion. '
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~ Contouring supplemented with closed level terraces increased
‘the yield of cotton, depth of moisture penetration, and the amount
“of water stored in the soil and reduced runoff and erosion.

g Applications of sorghum residues increased the depth of
- moisture penetration, the amount of available moisture in the soil
and the yield of cotton. The greatest increase from the use of
crop residues was obtained on land with rows running with the
slope. A combination of contouring and terracing supplemented
with crop residue management appears to offer the best means
for increasing the amount of water that is stored in the soil.

Native grasses and associated plants utilize soil moisture to
‘depths of 4 to 6 feet throughout much of the year, thus, providing
storage space for additional moisture in the soil. Cotton has a
deep root system and uses moisture heavily during a 90-day period
from June 20 to September 20. Sorghums have fibrous root
systems that utilize moisture heavily to a depth of 2 to 3 feet at
he heading stage of growth.

The close relatlonshlp between the amount of available
moisture stored in the second and third feet of soil at planting
F‘ e and the yield of cotton is indicated by a highly significant
correlation coefficient of .747. A high moisture content of soil at
planting time is followed by a high yield, and a low content by a low
ield. Thus, amounts of 1.00, 2.00, 3.00 and 4.00 inches of moisture
tored in the soil at planting time, indicate the likelihood of
producing 89, 187, 330 and 518 pounds of lint cotton per acre,
espectively.

There also is a close relationship between the amount of
available water stored in the soil and the denth of moisture
penetration. Cotton produced an average of 44. 104, 170 and 300
pounds of lint per acre when the soil was wet 1, 2, 3, and 4 feet
deep, respectively, at planting time.

The odds of producing over 100 pounds of lint cotton per acre
were about 1 to 10 when the soil was wet 1 foot deep at planting
ime, approximately 1 to 1 when the soil was wet 2 feet deep and
to 1 when the soil was wet 3 feet deep. The chances for
roducing over 200 pounds of lint cotton per acre were approxi-
mately 1 to 48 when the soil was wet less than 2 feet deep at
planting time, and 3 to 1 when the soil was wet 4 feet deep.

The amount of preseasonal rainfall from November 1 to May 31
ives a general indication of the amount of moisture that is stored
the soil at planting time but is less reliable than soil moisture
eterminations. Rainfall from June 1 to October 31 influences
e yields of cotton less than the amount of moisture stored in
ie soil at planting time.

Farming the land on contour supplemented with closed level
aces significantly increased the yields of cotton and reduced
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runoff and erosion. Contouring alone increased the yield of 1
cotton an average of 29 pounds per acre over straight-row farmi
while contouring with closed level terraces increased the yield
pounds. |

The annual increased gross returns from farming land of |
percent slope on the contour with closed level terraces was $16.
per acre over land farmed with straight rows. In addition, the
was no runoff or erosion on the contoured and terraced land.

Since the productivity of the heavy soils on the Rolling Plai
is largely dependent on the amount of moisture stored in the s
the use of conservation practices will reduce runoff and erosic
increase yields and help stabilize crop production. 3

Knowledge of the moisture stored in the soil provides
yardstick for adjusting the acreage of crops and farming operatio
to enable the grower to make the best use available of moistu
and resources.
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