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SUMMARY AND LAND USE RECOMMENDATIONS

Results of 10 years of research relating to soil and water conservation
in the Texas-Arkansas-Louisiana Sandy Lands Region are reported.
The chief aims of these investigations were to establish ratings on soil
and water losses for the problem area, to develop better methods of
conserving the topsoil, and to maintain its fertility. The effect of such
factors as rainfall charncteristics, soil series, slope, plant cover, cropping
systems, strip cropping, terracing, and land use on soil and water losses
were studied.
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In general, the soils of the region sre well-leached and very low in
organic matter and fertility components. As a rule, they are acid in
reaction but responsive to approved soil amendments and couservation
practices, especially the plowing under of winter and summer legumes,
The Texas Agricultural Ixperiment Station has shown that substantial
increases in yields of cotton {ollow when winter hairy vetch is turned
under as o green-manure crop? Thus, o well-balanced land use pro-
gram should include the practice of periedic turning under of winter
and summer legumes where feasible.

Erosicn in the SBandy Lands Region is caused for the most part by
surface runoff. Wind causes a small amount of crosion during the
spring months on open, bare, sandy fields, though this damage is of
small consequence in comparison with the amount of damage resulting
from rainfall, Studies of the relationship of rvainfall to soil losses on
the control plots show that soil type, length and degree of slope, state
of cultivation, and surface cover are basic factors diveetly influencing
the rate and amount of runoff and soil foss. The length of slope did
not materially affect the amount of surface runoff, but an inerease in
slope length increased the soil loss resulting (rom the runofi.  In general
the same was» true of the degree of slope-—with inerease in degree of slope
there was vory little difference in total amount of surface runoff hut u
very pronounced increase in goil loss from arcas under cultivation.  This
did not hold true for well-sodded Bermuda grass arcas, which indicates
rather definitely that the kind of crop to be grown determines largely
the degree of slope which may he used without excessive soil losses,
Vegetative cover was shown to be effective in reducing runoff and es-
pecially soil logs under the same ronditions as to seil type, slepe, and
rainfall.  The degree of control obtained with vegetal cover was de-
pendent upon the type ol vegetation used, the scason of the year, and
the length of time it oeeupied the land.

There 1s a lack of adequate power and farm muchinery in the region;
this has an important bearing on conscrvation farming. For example,
few farmers have equipment to plant er harvest the elosc-growing crops
most suitable for crosion control. NMany do not have the horse or
tractor power necessary for praper terrace construction,  This condlition,
although it is of an eceonomic nature, seriously hinders the npplication
of many otherwise desirable crosion-control or land use methoeds. Tts
solution must he attained, at least in some degree, befove any conser-
ation or land use program cain be successiully applied.

The proteelion of cultivated land includes {wo basie conservation
measures, namely, the retiring from cultivation ol us many fields having
a land slope exceeding 10 percent as is economically practicable and
the adequate terracing of the remaining fields.

Fxperience has shown that many of the steep areas can be profitably
utilized as pasture hy periodic cultivation and mowing. In some parts
of the region, however, it will probably be more profitable to use these
areas for the produetion of forest products.  On the more gently sloping
cultivated areas within the region, terraces are the first requisite to
suceessful and continued land use.  They should be utilized as a base
for the adoption of additional crosion-control measures, such as the
plowing under of leguminous green-manure erops, strip eropping, and

? Revvowns, B, B, wINTER LEGUMES AS SOIL-IMPROVING CHOPS FOR COTTON.
Tex. Agr. Expt. Sta. Prog. Rpt. 706, 2 pp. 1941,  [Processed.}
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crop rntations. While it has been shown that these measures, when
used alone, tend fo reduece soil losses, they eannot be relied on %o proteet
the land at all seasons of the year. In contrast to this, properly con-
structed terraces will provide a certain degree of protection at all times.
Thus, when these measures are wisely coordinated, soil losses are re-
duced to & minimum and the produetive capacity of the soil is inereased.

Many diverse characteristics of the region are adverse to 2 conser-
vational agriculture. For that reason, the application of these recommen-
dattons to the whole of the region will require many years of persistent
efforts on the part of farm leaders, ngricultural workers, and eivie hodies.
However, once this applieation iz accomplishod, much wilt have been
done not only in the way of solving land use problems, but in combat-
ing the other agricultural and economic ills associated with land
depletion.

The average monthly rainfall distribvidion for the period of record
shows sufficient rainfall throughout the vear to preduce erosion during
any month on unprotected land. Bixty pereent of the total seil loss
for the peviod of record was caused by 10 percent of the storms causing
soil logs. One or more of these storms occurred during each month ex-
cept August and September. The period of greatest frequeney was
during May, June, and July. A single rainstorm of high infensity
may remove as much soil as is lost during the entive vear {rom all other
storms.  An annual average of 2.2 storms of disastrous nature occurred
during the 10-year period, but the number for any individual year
varied from none to as many as 6. This type of storm has proved to
be the cause of the major soil eresion probiem of the area. It is aguinst
these storms that methods of erosion control should be desiened and
rated for cfficiency, Various supplemental ervosion-control measures
including eontour tillage, cover crops, [requent cultivation, and alter-
nate strips of crosion-resistant crops have all deereased erosion. They
have been effective during light storms but have not furnished adequate
protection daring the critieal storms,

The results from 10 years’ experimentation af the station have shown
that erosion control can be obiained on erodible landy of the region if
they are placed under permanent ecover of grass or forest. Sloping,
intensively enltivated fields, on the other hand, require not only the
use of improved rotations and protective winter eover crops but the
additional support of terraces. This condition will hold true as long as
the prevailing agrienlture of the vegion remains primarily one of grow-
ing cotton, eorn, and truck crops thak require intensive cunitivation,
which is conducive Lo soil erosion,

The need for tervacing and terrace mainfenanee in the aren will make
the progress of erosion confrol slawer than if purely vegetative control
measures could be used.

Subsoils erode mare rapidly than the normal topsoils whoen planted
to clean-tifled crops.  As the soil becomes thinner the rate of erosion
inereases, which indicates the need for more intense eorosion-control
measures on the thinney soils. The Nacogdoches soil is less erodible
than the Kirvin serics under the same crop and eultural trentments and
as g general rule is more productive,

Increasing the slope gradient from 8.75 (o 16.5 pereent increased the
soli foys 214 times.  The kind of ¢rop {o he grown defermines Tagely
the degree of slope which may be used withoud excessive soif losses.  In
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general, the utilization of steep slopes should be confined to perennial
crops having a high degree of erosion resistance.

Bermudn grass and native hardwood forest have been outstanding in
decreasing runofl and soil losses to negligible quantities. No sitempts
were made to separate or evaluate the contributing factors of canopy
interception, infiltrution, and soil structural changes. The erosion re-
sistance of well-established grass or forest cover is wufficient to provide
adequate protection under o wide range of slope lactors, rainfall char-
acteristics, and soil types.

Annual burning of the surfaee litter on a wooded plot increased run-
off and soi} losses over those from the plot not burned. None of the
losses from the unburned plot was of a serious nature, however,

A crop rotation of cotton, sorghum, and cowpens with a winter cover
crop of veteh showed a marked decrease in soil and wuter losses as
compared with those from continuous cotton.  Yields of catton in the
rotation were cqual to those from plots of continuous cotton treated
with 400 pounds of 1-8-1 commereial fertilizor per aere.  The rotalion
received only 100 pounds superphosphate per aere, applied to the veteh
at time of planting,.

The application of organic matter in the form of manure, compost,
and vak leaves reduced soil losses; but the beneficial effects, including
incrensed vields, were confined largely to the first yeur ol application.

The effects from fall seedbed preparation for winter cover erops re-
sulted in some yewrs in an inerease in soil loss hefore the cover crvop
had made a proteclive growth.

Complete control of erosion was not obtained from contour tillage,
crap rotalions, winter cover eraps, or strip cropping alone or in combi-
nation, ulthough marked reduetions in soil losses wore obtained as com-
pared with those on the cheek wren,

Strip crapping reduced soil losses but: did not Tarmish protection ade-
quate for continued eropping of the fiekl.  The erop grown and the width
and Tocalion of the strip are important Taetors in the sueeessful nse of
strip cropping.  When used in combination with terraces, strip cropping
helped Lo redice soil loss where the strip was locafed immediately above
anel inchuding the tereaee channel.

Boil losses from terraces having prades exceeding 3 inehos per 100 feet
were excessive.  Lerrnees occupyimg fields having a deep, porous soil
may be laid out with less grade than those on bhudly eroded fields having
an impervious subsoil, and open-end, level terraces may be used an gentle,
well-drained slopes where Lhe soil has an exeeptionally Ligh infiltration
rate.  Much eare, however, should be exercised in their eonstruction
and maintenance,  Closed-end, level terraces should not he used, owing
to the high intensities of the rainfall of the region.

Interterrace erosion in the form of rills or small gullies became exces-
sive when the vertical-interval spacing of the terraces exceed # feet.
The 3- and -Toot spueings on the experimental areas gave the most
satisfoctory results. '

Per-nere soil losses did not inerease with an increase in terrace length.
Long terraces, however, require a greater channel capacity than shorter
terraces.  In general, length of tereace should he governad hy the loea-
tion of a suifable outlet for the terrace channels,

Brush and woven-wire dams performed satisfocetorily where the height
of drop did not excced 2 feet.  Pole dams up to 4 feet in height gave
satisfactory performance and were more durable than hrush or woven
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wire. In general, vegetation, including sod-hag dwms, was not lound
eatisfactory Tor use in active gullies.

Considerable diffeulty was experienced in mowing vver contour back-
furrows in pastures. Since mowing is one of the first essentials fo good
pasture management, this difficulty offsets any henefit derived from the
hackfurrows,

Tn view of the results obiained from o deeade of investigational wrk,
certain hasie land use recommendations may be made only when these
results are carefully adapted to the partieular conditions and character-
istics of the region.

Owing to the widely diversified agriculture of the region, its small
farms, and the ebarpeter of the rainfall, any land use or conservation
program adopted will have to possess sufficient flexibility to meet the
particulinr reguirements of the individual farm operator if it is to obtain
any degree of suceess.  There is little hope of changing the basie system
of agriculture in the region as long as the present economic system pre-
vails, nor is such o change desirable. Localized modifieations of the
agricultural system have heen observed in dilferent parts of the aren
during the period of experimentation, but have not heen of sufficient
extent to warrant a change of recommended land nse practices. The
production of [ruit and vegetable creps together with dairy and poultry
products enables the average farmer to attain o high degree of selt-
suffiviency. This is an asset of almost inestimable value ta an erosion-
control or land use program.  The growing of fruit and vegetable crops,
however, requires intensive cultivation. This subjects the land on
which these crops are grown to scrious erosion unless appropriate con-
servation measures are applied.

And finally, a wise land use program for the problem arew calls for re-
tiring the steeper slopes from cultivation, terracing the more gently
sloping cultivated areas, and adopting appropriate and effective agrono-
mic practices for the terraced fields in order to maintain theic produc-
{ivity and to furlher protect the soil from crosien.

INTRODUCTION

This bulletin is one of a series of 10 reports designed to cover the fiest
deeade ol experimental work at each of the 10 original soil erosion sta-
tions established with funds appropriated by the Congress and earvied
in the appropriations for the United States Departmient of Agriculture.

On December 18, 1928, the Buchanan Amendment to the Agricul-
fural Appropriation Bill for the lseal year 1930, appropriating $160,000
for soil-erosion investigations, was adopted hy the flouse of Represen-
tatives,

As a result of this legislation, plans were developed Tor the establish-
ment in various parts of the country of experimental work on lands
representative of large problem areas undergoing evosion. Fventually,
10 experiment stations were organized to serve the arens (4), (2), (3,
(43, (3)F  Their loeation is shown on the accompanying map (fig. 1)

The research program of the Soil and Water Conservation lixperi-
ment, Station near Tyler, Tex. was established o obtuin information
on the causes and offorts of erosion and to develop measures lor its con-
trol in the Texas-Arkansas-Louisiana Sandy Lands Region.  This report

¢ Ttalie numbers in purenthoses refer to Literature Gited, p. 53
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located and operated as a part of Texas Substation No. 2, which is 10
miles northwest of Tyler, Smith County, on United Staies Highway
No. 69.

The ehief aims of the soil-and water-eonzervation studies at the Tyler
station are to establish ratings on soil and water losses for the problem
area, to develup better methods of conserving the topsoil, and to main-
tain and improve its productivity. The pr mmpai work to date has been
the measuring of surface runofl and soil losses in runoff from control
olots, ferraces, and fields under different conditions. The effect on
soil and water losses of such factors as vegetative cover, length and degree
of slope, slope characteristics, erop rotations with winter and summer
green-manure crops, strip cropping practices, and terracing (including
grade, spacing, and length) is being studied.

Some of the studies, which were striethy exploratory, were set up with-
out replications and conducted only for o short peried before being
terminated or modified. These studies have served ax 2 basis for the
development of an erosion-control program applicable to this area, and
some of them may continue to furnish useful information for {uture
improvement of erusion-control methods, Many of the findings of the
station have been adopted throughout the arvea with certain modifica-
tions to fit special conditions. Jlethods of establishing and improving
the protective cover of permanent pastures, the cffectiveness of certain
soil-conserving and soll-improving green-manure crops, and the most
desirale terrace characteristies for the area are examples of the fypes
of information obtained during the time the station has been in opera-
tion. Strip cropping, contour tillage, and other conservation measures
have been tested on field-zize seale to determine the conditions under

which they are most effective when applied to the suils of this region,

THE PROBLEM AREA
Nature of the Avea

The area served by the Tyler Boil and Water Conservation Experiment
Station is the Interior West Gulf Coastal Plain.  There are approximately
48,000,000 ueres in the area located in castern Texas, northwestern
Louiziana, =outhwestern Arkansas, and g camparatively narrow atup
which extends from the Arvkansos line to fhe viemnity of Admore in
southeastern (Oklahoma, \ppm\imaiol\' 26,000,000 acres of this area
lie within, or partly within, 71 counties of castern Toxas.  The region 28
a whole s one of the most =eriously eroded in the United States (Hg 2),

Farms are small; fickls are irregularly shaped; equipment used is
small, and compuratively simple; aad relatively larze quantities of
commereia] fortilizers are wsed, A busic eropping syatem s {ollowed,
in which cotton and corn are supplemented i various parts of the area
with a wide variety of specialty crops—-mainly fruits and vegetables,
Other erops grown rather generally are eowpeay, sweetpotaloes, waler-
melons, peanuts, and sorghums,

There are some faivly large bodies of commereind timber in the area.
A osmall amount of timber is found on the majority of the farms, whieh
supplements the farm income through the sale of pulpwood, eross ties,
light poles, fence posts, and firewood.

The most important problcm of the aren is the eonservation of the
soil and the maintenance of its fertilily. The topsoils, in general, are
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sandy loams underlain with elay or sandy clay subsoils.  As a rule they
are very erodible, especially during long or intense rains. The tendency
of these soils to bake and crust over alfer hard rains during spring and
summer months results in high runoff from subsequent mins.' The
problem of eonserving the topsoil is further complicated by erratie dis-
tribution and high intensity of the rainfall. There are periods of ex-
cessive rainfall when it is necessary to allow some of the precipitation
to escape as runoff, These arve usually followed by periods of insuffi-
etent rainfall, which often occur during the critieal crop-producing time.
it is helieved that the solution of the drought problem must necessarily
be arrived at by devising some means whereby a part of the surplus
rainfall may be stored in the seil to be used during periods of light rain-
fall,

Seils.—Carter (7), pp. 35-36 deseribes the soils of the problem arvea
of the East Texas timber country as follows:

The soils of the Bast Texas Timber Couniry consist mainly of fine sands and fine
sandy loams. The surface soils, mosily light in color (though some arc red), as a
rule, are underinin by subsoils that are heavier than the surfuce leyers. The surfece
soils are in most places of two distinet layers, the upper, containing only 2 small
amount of organic matier, grading below into 2 subsurface layer of similar texture.
in virgin areas the organic layer is but bwo or three inches thick, bus with cultivation
this is increased Lo a thickness of § inches or more, The color of the organic layer
{where not ted) is brown or gray, while the subsurface, corresponding larzely to the
color of the subsoil beneath, is mostly red, brown, yellow, or gray, or shades of these
eolors. The subsoils, mostly of clay or sundy clay, differ greatly in color and atrue-
ture and on their characteristics is based the differentiation of the seils into series
groups. As g rule, all of the goil and subsoil iayers are of acid reaction. The surface
and subsoil lnyers merge together beneath many of the soils, but in others there js a
sharp line of separation between the surfree soil and subsoi! layers.

The soils have been developed mostly from beds of nonealenreous elay, sundy clay,
clay shale, or send, They reflect, in vheir developed charaeteristics, the influences
of & warm, moist, elimate and the vegetative cover of trees which contribute but tittie
arganic matter. The resuits of leaching and erosion, due Lo high rinfall, are indi-
cated in the developed deep beds of fine sand on the neprly flat high areas, und in the
variable thickness of soil and subsoil layers on slopes of differeni gradients where,
in places, erosion has removed all or part of the so0il layers hefore they have become
thoroughly developed. Where free uwnderdrainage oceurs, red and yellow colors
beecome established in the subsoils, but where drainage is very slow gray color pre-
dominates. Little or ne true soil development has taken place in the soil materinls
ecompriging the alluvinl soils of the stream-bottom lands. These consist of soll ma-
terinls washed chicfly from the local upland seils and are periodically receiving fresh
deposits from the snme source. On some relutively small Aut arcas comprising old
strenm ferraces the enpient alluvinm has been developed into soils which buve charac-
terigtics very simnilar to those of the higher upland soils developed {rom older parent
meterinis,

The uplend soils are the most extensive, probably covering 85 percent of the region,
On the basig of pronpunced characteristies of the subsoils the soils are of two divi-
sions; {1} the soils having friable, crumbly, permeable subsoils, and (2) soils with
dense very heavy subsoils,  While soils of ench division ocewr extensively in different
sections, neither oeeuples large wreas exelusively, and in many sections they nre to
he found in maay smell and large Dodies in close ussorintion. The soils with the
friable subsoils usually have better drainage, respond moare favorably to methods of
soil iprovement nnd fertilization, and, therefore, are on the whole more satisfnctory
for the production of farm crops. . .

The principal soils of the station are described more in detadl in tuble 1,

Tasne {,—Principal soils on the station farm
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In general, the topography is moderately rolling to hilly. The ele-
vations range from a minimum of approximately 50 feet to & maximum
of about 600 feet above sea level. Toward the Gulf, the relief becomes
milder with an occasional almost level arca.  In detail, surveys indicate
that about 30 percent of the area has a gradient of less than 2 porcent,
spproximately 60 percent has slopes ranging from 2 to 8 pereent, and
10 percent has slopes exceeding 8 percent.  In most instances, a high
percentage of the open areas with a gradient above 8 percent is in poor
physical condition and is badly gullied.

Climate—MNletcorological records have heen secured over a poried
of 36 years, 1905-41, by Texas Substation No. 2 near Tyler and reeords
maintained during the progress of the experiments. The annual rain-
fall in the arca rerved by the station ranges {rom 30 inches in the extreme
southwest part of the aren to as much as 50 inches in the eastern part.
The Seil and Water Conservalion Experiment Station is located in the
western part of the area in the J0-inch rainfall zone, The average
rainfall of the different rainfadl zones of the region is indieated in figure 2.

The averagoe rainfall for o pertod of 36 voars s recorded by the Texas
Substation No. 2 is 42.90 inches, and {he average rainfall recorded dur-
ing the period covered by this report, 193140, is J0.66 inches.  Average
annual rainfall and its distribution by months are given in table 28,
Appendix.

Although the aren is within the humid belt, the rainfall is erratic
throughout the vear. The storms with high intonsitios oceur most
frequently during the spring and early summer months, when the farm-
ing systems of {he area haonish the least amount of protection and the
soil conditions are the most vulnerable to crosion.  The late-fall and
winter riing are ustally of Tong duration and low to moederafo intonsities,
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The length of growing season, or frost-free period, usually ranges
from 200 toc 250 days. The winters are open, and the ground is rarely
frozen continuously for more than a few days. The summers are hot,
with occasional droughts as long as 6 to 8 weeks, which cause consider-
able damage to the growing crops. The mean monthly fluctuations in
rainfali, evaporation, and temperature are shown in figure 3. Average
annual and monthly mean temperatures are given in table 29, Appendix,

Erosion and Runofl History

Erosion in the aren is described by Bennett (4 pp. 631-633) as follpws:

About 85 per vent of the nren is in eultivation; 7 per cont is idle; 13 per cent is in
pasture; and 45 per cent in timber.  OFf the timbered uren, o considerable preportion,
partiealarly in Arkansas, Louisinng, rad northeast Texas, was cultivaied nt one time,
the present stund of trees consisting of second-growth pine. A reconnaissunce erosion
survey indicates that about 45 per cent, or some 7 million acres, of the srea now in
cultivation hag suffered seriousiy from erosion, end sbout 6 per cent, or 4 million
acres, has sulfered severely., O the secoud-growth pine arens, much more of the
land hag suffered severcly from erosion.  The low figure for scverely eroded Iand is
partly accounted for by the compitvatively lurge area in the southerly border zone
that has never been plowed, together with a rather lavge aren of Hut land in this
section. Ower & considerable proportion of the more rolling part of this problem
arce, the perceniage of severcly croded nnd, as well as that subject lo moderate
crogion and to stight ercsion, is mueh higher, The most erodible of the exteasive
farmn soilg is the Kirvin sundy loam {or hae sandy loam). Omn this soil, which pre-
dominates in northeastern "l'exas and adinvenl porilons of Louisinna and Arkunsas,
it is generally uasafe to cultivale slopes steeper than about § per cend.

THE STATION

The Soil and Water Conservation Kxporiment Station was establistied
in 1930 in couperation with the Texas Agrieultural Experiment Station.
The conservation experiments are cotlueted on a part of the K55-ncre
tract owned by the Texns Agricultural Experiment Station and located
10 miles norihwest of Tyier on United States Highway No. 69.  Tipures
4 and 5 show Lhe station lavout and a seil and erosion survey map of the
farm.

The farm was selected for experimental work as being representative
of the Texas-Arkansas-Loulsiana Sandy Lands Region. Kirvin is the
predominant soi! on the traet, although seven other soil series typieal
of the region ceeur. These are Nacogdoches, Bowie, Hannahatehie,
Busquehanna, Norfolk, Bibb, and Orangeburg,

The topography of the station farm issimilav to that of the gencral area
except that the farm has no tvpieal bottom land and only a few gently
sloping areas,  Blopes runge from 2 to 20 pereent, though most of the
araas m cultivation are on 4-to 10-prreent slopes.  Elevation of the
station ranges from -H7 to BOG fect.  Elevation of benchmark No. 7,
located near the ofhee, is 50448 feet datum mean sea level, The sta-
tion is loeated on a divide between the Sabine and Neches Rivers, The
northwest portien of the farm is dreained by the Neches, the remainder
is in the watershed of the Sabine,

Al the time of the establishment of the experiment station, the most
serious gully erosion was found in fields (' and D, although these arcas
had been under the plow only approximately 25 vears, Many areus
of the farm had previously been cultivaled bul were retired to pasture
hefore the time of thelr assignment for evoston investigations. Some of
the felds had beea cuitivated intermittently for n period of about 85
years, although there were somd $mall areas of virgin forest.  In genersl,




TECHNICAL BULLETIN 91 6, U. 8. DEPT. OF AGRICULTURE

5]

operated by tenants for .
th the resul$ that it wag

wi

- b
=
e
-
&
e}
o
[}
g
=]
8
e
Q
[»3
T
Il
2
=
o
£

]
D
@
=)
o
2
-~
&
&
L)
)
=)
i
Tea

ion o
vears, and bad been misused

*

most of the cultivated fielda had lost fre
The major port

soil,
a number of

qusmpedxy [eMIMIERY sexs], 91 pus uoreysy jusmuadsxy UOIBAIBSUCY) 193BAL PUR 105 34} Jo dey—'p SOOIy

[T PRI Ee

'¥o], ‘IOlAT,

‘g "ON ubBIsqng

= —— =]

qo!

005

e e o m sa(1|n9

sBujp|ing
WA - SALIDPUNOE SPOOM,
e - === S2IUDY

SNOIS TYNOILNIANOD

2 e e——rana uoijois buibon
=~ pJOpUDyG ---5a3b09 ujoy
-~ Buipioday-- - saboy uoy
=~ Sa3pdwiog jjig pun sawngy

<

|

=

o=
AR - - = SAYDE] 19N0~ 330008
e e e e s SPUET JUBWIIAOW - [10G
Semrmeme ea s s SPLIDPUNDE PIYSIIOM
g  memre——rramaa- - sjaslorg
It e s -1 YD LT |

aN3931

Fl

..Qm.“\....... R
_n\m sMoom wiwon
By e s gt

Attempts had beer made fo terrace s number

dequately constructed and had
e guilies thicughout the leagth

Iraces welre ma

frequent breaks, which resulted in larg

a run-down condition
of the fields, but the te




SOILS LEGEND
Depth, A Horlzon

Orangeburg ~- 0O

Nacogdoches - N

Kirvin - ---<K

Susquehanna - S vd - Very Deep - 24-36"
Colluvium { g - Gravelly )
Soils are Fine Sandy Loams unless eroded to
Glay Subsoil- /' =Large ‘Rock

'SpeY gk Jo

[oUURYD B0BLIBY OYY fauorg'

198 W pajnsel puw 4003 00T Jod seyour gT 0% g1 woly pafusl

‘§)[8A1( JO 9IUIPIAS OU PBY SPAY

[s A[P1B18pOW SIOW 9Yj} UO $OOVIISY oY} JO MdJ ¥

GONVENTIONAL SIGNS
Roads « - -« = == - - e
Fences- - = = = = = = — —
Woods Boundaries - (e
Buildings
Gullies

Soil Boundaries - - - - - : . amy T8 A Scale in Feet
Plots- - - ' A / Ry ‘/

TOMINOD NOISOUH NI-'SN.OILVBI\ISEIANI

500 1000/

.

T

Terraces - - = - - ~'— Coo—
Watershed Boundary - Serrpaenn

i ‘ i i i e icultural Experiment
- f the Soil and Water Conservation Experiment Station and The Texas Agricul 2
Frquse 5.—Soil map of the Soi Substation No. 2, Tyler; Tex.

=
=
1o
0]
-
0
o
o
=}
LY
o+
=
o
o2
o
[zt
o
-
]
&
<
&
ks
=
=
<
i)
<
o
=

e .
k=]
=.
b=
(=T

UOIS0.I3 SNOT




14 TECHNICAL BULLETIN $16, U.'S. DEPY, OF AGRICULTURD

. PURPOSE AND PLAN OF EXPERIMENTS

The purpose of the cxperiments is to investizate the causes and to
secure quantitative measurements of the soil and water losses on experi-
mental arens,

The principal work of the station has been the measuring of surface

runoff and soil loss in runoff from control plots, terrdces, and felds under
experimental treatment. The effects on soil and water losses of such
factors as -egetative cover, slope length, degree of slope, soil type,
arrangernent of crops, erop rotations with win.2r cover erops, and terrac-
ing including grade, spacing, and length have been included in the
studies. A detailed deseription of the various installations follows.

Control-plot Instailaticas

PLOT DESCRIPTIONS

The control-plot experiments consist of 12 plots on Kirvin fine sandy
loam loeated on o slope of 8.75 percent (fig. 6 A), 3 plots on Kirvin fine
sandy loam with a 16.5-pereent slope (fig. G ), 4 plets on a Nacogdeches
fine sandy loam with a 10-percent siope {fig. 7 4), and 2 plots on 2
wooded area of Irvin fine sandy loam with a 12.5-percent slope (fig.
7 B). :

The plots on 8.75-pereent slope were cstablished in October 1930.
The plots on 12.5-percent, 16.5-percent, and i0-percent slopes were
established in July 1931.

All of the plots were 6§ feet wide and 72.6 leet long exeept four of the
slope-length plots, of which three arc 36.3 feet long and one is 145.2
feet long. The plots ure separnted by shect-metal dividers. All run-
off from the plots is caught in conerete basing and sheet-metal tanks,

Alt planting and tillage eperafions are on the contour and are per-
formed in such a way that field conditions are simulated as nearly as
possible. The rates of seedings, spacings, and fertilizer treatments
are in agcordance with the Texas Experiment Station’s recommendation
{or the area.

The treatments and size of plots on the dilferent solis and stopes were
as follows:

Kirvin 8.%5-percent slope—Plot 1 (continuous cotton; slope length
36.3 feet; one two-hundredths of an acre) was fertilized with 4-8-4
fertilizer at the rate of 400 pounds per acre from 1935 to 1040. Plot
2 (continuous cotton; slope length 145.2 feet; onc-fiftieth of an acre)
was fertilized with 4-8-4 lertilizer at the rate of 400 pounds per acre
from 1935 to 1940. Plot 3 (vontinuous cotton; siope length 72.6 fect;
one-hundredth of an aere) was fertilized at the rate of 400 pounds of
4-8—4 fertilizer pey acre from 1935 to J940. Plot 4 {continuous cobton;
slope length 72.6 feet; one-hundredth of an acre) was fertilized with
400 pounds of 4-12—4 {ertilizer per acre from 1931 to 1934 and from
1935 to 1940 at the rate of 400 pounds of 4-8-4.  In 1835 ridge culture
replaced fiab culture. From 1936—0 Hat eulture was followed,

Plots 5, G, and 7 (slope length 72.6 feet; onc-hundredth of an acre)
were i a rotation of cotton, corn, and lespedesa with small-grain winder
cover crop. In 1935 corn was fertilized with 100 pounds per acrs of
sulphate of ammeonia, lespedeza with 200 pounds per aere of super-
phosphate, and cotton with 100 pounds of 4-8—4. TFor 193G-40 the
rotation was cowpess, cotion, and sorghum with a winter eover crop
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of veteh,  The veteh reecived 100 pounds of superphasphatoe per sere at
timo of sceding,

s e

- ke
T v, i, s

Frevne 6, -1, Kipvin madn control plots, 8.75-percent slope, Plats munbered from
left te vight. 2, Kievin control plats, 165-pereent slope,

Plot § t=lope length 72,6 oot one-handredth of an aere; wos in con-
tinuons Bermnda grass, Plot 4 tslope length 72,6 feel; one-hundreedth
ol an aerer wis in bare, hood Tallow, 193130 1935-40, enliivaled fallow.
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Plot 10 (slope length 72.6 [cet; one-hundredth of an acre) was in smali,
grain winter cover crop.  In 1931-34, -1-12-4 fertilizer was applicd 2k

Froeuas 7.—4, Navogdoches contrnl plats, 10-pereent slope; 8, wonded control plots
of Wirvin fine sandy loan, 12.5-pereent slope,
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the rate of 400 pounds per acre. One hundred pounds of superphos-
phate per acre was applied to winter cover c¢rop of vetch, 1935-40.
Plot 11 (slope length 72,6 feet; one-hundredth of an acre) was in con-
tinuous cotton and desurfaced to subsoil and fertilized with 4-12-4 at
the rate of 400 pounds per acre from 1931-1923. Trom 1934 to 1940
this plot was fertilized with 4-8-4 at the rate of 100 pounds per acre.

Plot 12 (stope length 72.6 feet; one-hundredth acre) was in continuwous
cotton and desurfaced to subsoil. This plot was treated with 4-8-4
fertilizer at the rate of 400 pounds per acre from 1934 to 1940. 1In 1935
ridge culture was used, and in 193640 fat culture. '

Kirvin 12.5-percent slope—Plot 1 {wooded area; siope length 72.6
{eet; one-hundredth acre) was protected from grazing and burned
annually. Plot 2 {wooded area; slope length 72.4 feet; one-hundredth
acre) was protected lrom grazing and not burned.

Kirsin 16.5-percent slope—~—Plot 1 {slope length 36.3 feet; one two-
hundredth acre) and plot 2 (slope length 72.6 feet; one hundredth acre)
were frealed with 4-8—4 fertilizer at the vate of 400 pounds per acre
from 1935-40. Plot 3 (siope length 72.6 feet; one-hundredth of an
acre) was in continuous Bermuda grass.

Nacogdoches 10.0-percent slope~—Plot 1 {continuous cotton; slope
length 36.3 feet; one two-hundredth acre) and plot 2 {continuous cotion;
slope length 72.6 feet, one-hundredth aere) were fertilized at the rate
of 400 pounds of 4-8-4 per acerc from 1935-40.

Pilot 3 (slope length 72.6 feet; one-hundredth acre) was in continuous
Bermuda grass. Plot 4 (slope ledgth 72.6 feet; one-hundredth acre)
was in continuous cotton and desurfaced to subsoil. This plot was
fertilized at the rate of 400 pounds of 4~8~4 per acre from 1935-40.

SOIL SERIES

1t is rceognized that some of the soils of the area are more erodible
under similar cropping treatments than others. Of the two soils under
measurement, Kirvin, the predominating series of the area, is the more
eredible and Nacogdoches is more fertile and less erodible, The pro-
file of these two soils has been studied in detail in the laboratory, and
chemical and physical anslyses have been reported elsewhere ({0, 11,
and /3). A study was condueted on these two soils under normal
topsoil and exposed subscil conditions, For comparative purposes,
the topsoil was removed down to the subsoil to simulate badiy eroded
conditions on both of these soils. TFour plots were used, two of normal
topsoil and two of subseil. The Kirvin plots ave located on 8.75-per-
cent slope; whereas, the Nacogdoches plots are located on a 10.0-percent
slope. Uniform cropping practices and fertilizer treatments were ap-
plied to all the piots.

SOIL MOISTURE STUDIES

For o period of 4 years, 1931-34, moisture studies were made on an
adjacent serics of plots with the same crops and enltural treatments as
control plots. Samples were eollected regularly and moisture deter-
minations for specific conditions recorded.

SLOPE LENGTH AND DEGREE

Control plots 1, 2, and 3 on Kirvin 8.75-percent slope with slope
lengths of 36.3, 145.2, and 72.6 feet, respectively, were established to
measure the effect of siope length when the land is planted to cotton
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annually, This ssme trestment was repeated on Kirvin 16.5-percent
slope and Nacogdoches 10-percent slope with slope lengths of 36.3 and
72.5 feet, respectively,

Plots 1 and 3 on 8.75-percent Kirvin and plots 1 and 2 on 16.5-per-
cent Kirvin are 36.3 and 72.6 fect long, respectively, and were planted
coptinucusly to cotton. All cultural practices and fertilizer treat-
ments are as nearly alike as possible on these four plots. Plots on the
8.75-percent slope were established in 1930, whereas the plots on the
16.5-percent slope were not established until 1932,

STRIP-CROPPING CONTROL PLOTS

Bix plots were used in this study, two of which wore located on 3.5-
percent Bowie and four on 0.5-percent Kirvin,
. The treatments and size of plots on the two dilferent soils and slopes
were ag follows: On Bowie 5.5-percent slope a strip-cropped plot and
a cheeck plot were used in thisstudy. The plots were 145.2 feet in length
and 20 feet wide, one-fifteenth of an acre in size. The strip-cropped
aren had two strips 36.3 feet wide in an crosion-resistant erop. It was
separated from the check plot by an alleyway, one-half of which was
planted to the same erop as the adjolning plot for the purpose of elimi-
nating horder effeet. The plots were equipped with silt boxes, multi-
slob divisors, and tanks for collecting soil and water sampled.

Fraung 8, —CGroup of one-fiftieth acre plots showing ulleyways between plots.

A Z-year cropping system was {ollowed in this study, consisting of
eotton on the erodible strips nlternating with ercsion-resistant strips of
sorghum interplanied with cowpeas, which were in turn rotated with
spring oats.

The erodible strips were planted in eotton followed by fall planting
of vetch which was plowed under in the spring as a green-manure crop
preceding the next planting of cotton in the spring. The check plot
was planted in cotton Ioliowed by veteh which was plowed uander as a
green-manure crop in the spring preceding the planting of cotton. On
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IGrvin B.5-pereent slope two strip-eropped plots and two check plots
were used in this sbudy. The plots were 72.6 feet in leagth, 12 feet wide,
and one-fiftieth of an acre in size. The strip-cropped areas had two strips
18 feet wide in an erosion-resizglant crop (fig. 8). The plots were sepa-
rated by alleyways and enclosed with 12-inch creosoted boards, 6 inches
of which were embedded in the soil $o prevent oufside water from enter-
ing the area under measurement. (ne-half of the alleyways was planted
to the same crops as the adjoining plots for the purpose of eliminating
border effect.  Soil and water losses were measured with Uhland divisors
and tanks.

A Zwvear eropping system was followed in this study, consisting of
eotton on the ervodible strips, alternating with erosion-resistant strips
of sorghum interplanted with cowpeas, which in tarn were rotated with
spring oats. The crodible strips und the check plots were planted &o
cotton followed by fall planting of velch which was turned under as a
green-manure crop preceding the planting of cotton in the spring.

ORGANIC-MATTER TREATMENTS

Tour {one-fiftieth nere) plots located on Kirvin fine sandy loam, 6.5~
percent slope, were used in 2 sfudy of the crosion-resistant effeet of
organic-matter treaiments. The plots had an allevway between them
to eliminate border effeet. The plots were enclosed with Goards 12
inches wide, § inches of which were below the surface of the ground.
The measuring equipment consisted of Uhland-type divisors and sample
tanks. The freatments were as folluws: Plot 1, continuous colton, no
organic matter aldded; plot 2, continuous cotton, oak leaves spaded
under the Arst year at the rate of 153 tons per acre; plot 3, continuous
cotton with compost spaded under the first yvear at the ré- of 10 tons
per acre; plot 4, eontinuous cotion, harnvard manure spaded under the
first year at the rate of 1) tons per nere.

During the progress of the experiment, no addifional applications of
organi¢ matter were mace, but an application of a +-8-1 commereial
fertiizeor was made at the uniform rte of 00 pounds ner acre on all
plot« ut the heginning of the thicd scason.

Field Plot Studies

Two field areas of strip eropping were included in the experiments.
(Ine of the areas waz o small, unterraced watershed where the eroded
materigl was measured at the hottom ol the stope. The other area was
a terracerd arez where the eroded materisl was collected at the outlet
ends of the terraces.

Strip cropping without lerraces.~—"This study was located on 2 S-nere
fiekd of Bowie Ane sandy loam with an average land slope of 5.5 pereent.
Soil and water losses were measured on a 2.Gi-gcre area by means of a
Parshall flume, Bristol recorder, silt box, and Ramser silt sampler.  The
gullies and washes were plowed in and vegetated with Bermudsa grass
at the heginning of the study. Fall sown oats were used on the control
strips which were 48 feet wide and constituted 50 percent of the area.
Cotton was planted on the cultivated strips.

The cropping system of this study consisied of 2 2-year rotation of
cotton and oats planted in alternating strips.  The oals were harvested
anel the sfubble allowed fo stand for erosion protection until late summer,
at which time the stubhle was turned under in preparation for the fall
seeding of a veteh cover and green-manure crop to be turned under the
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following spring preceding the planting of cotton. The erodible strip
of cotton after harvesting in the fall was plowed and sceded to oats,
which beeame the control strip. Under this system of sirip cropping,
an erosive fall rain at the time whon both strips are freshly plowed
and before the protective erop becomes established, may eause a high
s0il loss.

Strip cropping with ferraces—Iin this study, soil and water losses
were measured on four terraces.  One terrace was used as a check with-
out an erpsion-control strip, and the other three had erosion-resistant
strips located as lollows: below and adjacent to the upper terrace, in-
cluding the lower side of the terrace ridge; in the middie of the terrace
interval; and above and adjacent to the terrace, including the terraee
chanpel. Faeh terrace was equipped with a Parshall Hume, Bristol
vecorder, silt box, and Ramser sitt sampler,

The cropping system followed in this study consisted of a Z-year
rotation of corn and eotton on the credible strips with sorghum and
oats on the control filter strips,  The sorghum was harvested and the
stubble allowed to stand for proteetion until early spring, when it was
plowed under and seeded Lo spring cats with an application of 300 pounds
of 6-9-3 fertilizer per acre applied at the time of sceding the oats. The
erodible strips of the 2vear rotation of corn and eotton both had a
winter cover and green-manure crop.  Veteh followed corn with 100
pounds of superphosphate per acre applied at seeding time. The vetch
was plowed under preceding the planting of cotton. Oats followed
cotton and were plowed under preceding the planting of corn.

Terraccs.—During the winter of 1930-31 approximately 10.5 miles of
Mangum type terraces were constructed on the station. Varlous
machines were used for building the terraces and the costs of construe-
tion recorded.  Terraces used in the principal experiments were con-
structed with 2 base width of 25 feet and an effective height of 18 inches.

Studies were made on the effect of length, grade, and vertical interval
on soil and water losses from individual terraces. Terraces C-10,
C-17, and (-14 were used in the length experiment and were located
near the upper reaches of the slope in field ¢ (See fig. 4.3 The pre-
dominating soil on which the ferraces were located was Nacogdoches,
interspersed with areas of Kirvin on terraces (14 and (17, although
small areas of Bowie and Orangeburg oeeurred on terrace =10,

Experiments on terrace grade were conducted on both short and long
terraces, 700 Teel and 1,700 fect in length. The terraces 700 [eet long
were numbered (-4, (-5, -6, C-7, and =10, They were located in
field C in the kower portion of the field. Bowie soil predominated with
the exception of terrace (*-10 on which Nacogdoches was the predominant
soil.  These solls were interspersed with small areax of Kirvin and Orange-
barg although terrace C-7 was mapped inits entirety as Bowie,  Terraces
C-12 and (473 were used as the long terraees in the experiment on
grade. They oceupied the upper central portion of the slope in field ¢
on Nacogdorhes ol with almost equal areas of Kirvin,

The experiment to determine the most satisfactory vertical interval
of terraces was itlse lovated in field O and ineluded hoth long and short
terraces, Terraces (* 8, (-9, (18, and C-11 were the 700-foot er-
races used in this stady.  Terraces (C-13, 14, and (-15 were 1,700
feet long and were loeated near the upper part of the field,  The shorter
terraces were near the lower cenleatl portion of the field. Suils were
generally mixed, as in the other experiments, with Nacogdoches pre-
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dominating on the long terraces and Bowie, Orangeburg, and Nacog-
doches ceeupying the major portions of the shorter terraces.

Other terrace experiments included the observation of closed-cnd
level terraces encireling a lnoll, the measurement of soil and water
losses, and the abservation of the performance of an open-end, level
terrace 2,300 feet in length, and the measurement and observation of
the performance of terraces with different vertical intervals on pasture
and cultivated land.

In all cases the cropping system [ollowed was the same [or all the
terraced areas of a particular experiment.

Owing to the extent of the areas, it was not possible to retain all of
the runoff oecurring from terraced areas as was done with the contral
plots. Consequently, measurements of soil and water losses at the end
of terraces on these arcas were made by the use of Parshall Aume and
liguid level recorder with a silt box, or setiling hasin, placed below the
flume. A Ramser silt sampler was used to obtain a sample of the runolf
passing over the weir end of the silt box, Determinations of the soil
content of the runoff were then made from the sample obtained (g, 9).

Fiarne 0.—DBattery of silt samplers vsel for mensuring soil and water losses al Lhe
ends of individual ierree channels,

Seil movemené shudics.~—=oil movement studies to determine the rate
of movement of soil down the dope and to deteet the formation of
washes and determine their rate of growth were made on terraced aveas
and watersheds, Conerele embedded steel posts were set to serve as
benehmarks on the permanent soil movement lines.  Mdeasuremoents
were made from these fixed peoints and clevations taken at intervals of
one foot along an established line. In order to decrease the influence
of cultural treatmenis, ihese measurements were taken during the late
winter months alter the ground had scttled.
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Watershed Siudies

Description of the areas.—A part of the statica’s experimental work
is the measurement of soil and water lossos from small agrieultural
watersheds subjected to different land uses. The aroas used in this
study consisted of three small watersheds, each equipped with a Parshall
flume, 4 liquid level recorder, a silt hox, and a Ramser silt sampler,  For
record purposes the watersheds were designated as gaging stations Nos,
3,4, and 5, No. 3 was o wooded wabershed of 7.94 acres with an averape
tand slope of 7.5 percent.  The predominating soil was Kirvin fine
sandy loam with some areas of Navogdoches,  No. 4 was an unterriweed,
contonr-cultivated wateeshed of G058 geves with an average land slope of
7.5 pereenl.  The predeminating soil was Bowie fine sunly loam as-
sociated with small areas of Kirvin and Nacogdoches, No. § was an
unterraced, contoue-cultivared, strip-eropped area of 2,614 aeres, located
on a.3-pereent Bowle fine sandy lonm,

Fravag 10, - Patented sheei-metal dem used for ferraee outlet conirol.

The erapping treatments on the two eadtivated areas were as follows:
On the unterraced, contour-callivafed watershed, the cropping sys-
tem consisted of w1 3-vewr rolalion of corn, cotton, and etz The corn
was followed by g erop of Tall-planted vetel which was teened under in
the =pring ax a green-manre erop preceding the planting of cotton.
The cotton was followed by a fallplanted erop of vats which was har-
vested and followed by cowpeas during the snmmer.  The pen vines,
volunteer oats, andl cvabgrass Tollowing the peas furnished the winter
protection.  This protective eover remained on the ground and was
turned under in the eaely spring preceding the planting of corn.

The strip-cropped, wnterraced watershed had o 2-vemr rotation of
cotton and oatx grown in alternating strips 18 feet wide. The cotton
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strips were planted in the fall to oats which were harvested in the early
summer and the stubble allowed to remain as a summer protective
strip. ‘The oats stripy were planted in the fall to veteh which was turned
under in the spring as a green-manure crop preceding the planting of
cotton.

The wooded watershed was fenced, protected from burning, and
during the curly years of the period of record was grased occeasionally
during the spring months. The cover consisted of o mixed growth
of native hardwoed trees of the black-jack and post-oak types and was
considered a [air representation of lorest cover for the area,

Gully and lerreee oullel contrel.—"T'he large number of gullics on the
station land afforded an exeellent opportunity for Lhe study of differ-
ent methods of gully control; consequently, considerable time and
energy was devoted to this phase of the work during the early years of
the station. Various materials were used in the construetion of me-
chanieal dams or struetures, ineluding brush, poles or logs, woven wire,
loose rock. concrete, and rock masonry., Patented sheet-metal dams
were also tested in ferrace outlet ditehes (fig. 10). A rock masonry
structure typical ol those used for terrace outlet control in this study
is shown in figure 11

Pigeus 11, Rook musonry dun used for terrace outle! eontrol.

Many types of promising vegelution were alse tricd with and with-
out meehanical support, These ineluded Bermuda grass set in strips
and sedded solid; small grain, sueh as onts and sorghum; the annual
lespedezas, a perennial lespedeza (L, serfecd, kadag, Black Tocust, and
Dallis grass (. diladaiumi,  Bermuda graxs wax also used in sod-bag
dams and in conjunciion with temporary mechanienl struetures.

Cost records were maintained on the varigus types of structures,
and their performance and uselull life observed,

L]
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Conlrilniting Records

Climatic dale.—A\ standard United States Weather Bureau station
is located at the station headquariers where daily records are lkept on
maximum and minimum {emperatures, wind movement, freowntor sur-
face evaporation, and rainfall (fig. 12, In wldition a record of the daily
rainfnll is obtained from stondard reeorling rain pages loeated in the
immediate vicinity of the various experimental ureqs.

Fravne 12, -Central meteorologieal station.  Substation No. 2 of Lhe Texas Agri-
caltura] Experimeni Siation.

EXPERIMENT AL RESULTS
Rainfall Characterislios and Erosion

Rainfal < the primary cause ol ernsion, and runoff water is the nctive
agent which produves crosion, 1t is impossible to analyze the records
of studies on factors contributing to (he rvate of erosion, or its conlrol,
until the eharacteristios of the rainfall cansing erosion are evaluated.
Rain falling on bure soil will canse runoff as soon as the soil’s ability
to reecive and slore moisture is exeeeded or when the rain comes at a
rale in exeess of that  at whiclh water can infiltrate into the soil;
henee, both the fotal amount of rain that falls and the intensity of the
rain may have an importanl hearing on the resulfant runofll. The
point at which this exeess is renched is also dependent upon the physi-
cal charncteristies of the soil af the time of the rain.  After the basie
relationship between the all of rain on a bare soil and runall or soil
loss is established, the influence of sevondary Taetors, sueh as vegetal
cover and supporting practices of a mechanieal nature, can be evaluated.

A complete record of the rainfall has heen maintained by the Texas
Substalion No, 2 sinee 1905, and rainfall by individual storm records
of amount und rate of fall has been rerorded on selfrecording gagos since
1931.
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A comparison of the annual rainfall for the 36 years of record and for

® the 10-year period 1931—40 is shown in figures 13 and 14. It izevident

from thesc records that the latter period has heen somewhat drier,

averaging 2.32 inches less per year than the long-time average rain-

fall. Figure 14 shows the average annual rainfall by monthly incre-

ments for the 36-vear period and the 10-year period of erosion-control

study. ‘These data show that the 232 inches smaller average annual

total rainfall for the 10-vear period has been compensated for to some

degree by the more favorable distributign of the rainfall through the
Crop-growing season. -
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Figune 13.—Annual and avernge rainfall for the 10-year period 183140 from control-
plot gage, Soil and Water Conservation Experiment Stalion, Tyler, Tex.
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A comparison of the average monthly amounts of rainfall during the
10-year period 103110 with the average monthly soil Josses from con-
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trol plot 3, continuous cotton on Kirvin fine sandy loam (fig. 15}, shows
that there is a tendency for soil losses to increase with increase in rain-
fall during the late fall and winter months, However, there is a dis--
tinet reversal of this trend during the months of April, May, June, and
July, This would indicate that some characteristic of rainfall other
than total amount is responsible for erosiun rate during this period of
the year.
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Fieore 15.—Avernge monthly rainfall and soil loss frem control plot 3 for the 10-
year period 193140,

Figure 16 shows maximum rainfall intensities for 5-minute, 15-minute,
and 30-minute periods and the average soil loss by months. There
’ |

-

m

..Q.IfMNFJ}LL INTENSITY, 5_'MIN,PEIRIQD
~ Bl + T

~

‘t:u......__Q\ L
\\ ,,..’...._.

~F

o

LY

i
\RNNFJ\L.L INTENSITY, I5-MIN, PERIOD
i} ]

\ !

| S

1 I i
™\ RAINFALL INTENSITY, 30-MIN,
o S PERIOD

(<)

RAINFALL (INCHES PER HOUR) AND EROSION {TONS PER AGRE}
&

0 .
JAN, FEB, MAR.” APR, MaY JUNE  JuLy AUG, SEPT. QCT. NOY,  DEC.

Fiaure 18.—Monthly distribution of maximum rainfall intensities and soil loss from
control plot 3 for the 1G-year period 1931-49.
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appears t0 be a close similarity in trend between the fluctuatiorns in
intensity of the rainfall and the amounts of soil lost from control plot
- 8. 'The soil loss curve follows the trend of the 15-minute period curve
of rainfall intensities very closely. This combination of fime and
rate appears to produce o sufficient volume of water to exceed the soil’s
capacity $o retain it

These data show that soil losses on relatively bare Kirvin fine sandy
loam do not necessarily result from large amounts of rainfall alone,
Rainfall intensity variations throughout the seasons can be considered
as a more direct indicator of probable erosion than any other char-
acteristic of rainfall, '

Of the 216 storms causing soil loss from control plot 3 during the peried
1931 to 1940, 22 storms eaused soil losses greater than 5,000 pounds per
acre (table 2). These 22 storms caused a loss of 203,803 pounds out
of the tobal of 485,179 pounds for the 10-year period of record, or on a
percentage basis, 10 percent of the storms causing soil loss accounted
for 60.5 percent of the total soil loss. Fifteen of these major storms
oceurred during the 5-month period, March to July; 8 during May and
June, and 4 during December and January.

Tanus 2.—Slorms that caused ZV4-tons or more, of soil loss per acre from control plo
3 for the 10-Year porisd, 1981-40.
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The average number of severe storms, 2.2 per year, occurred 4 years
out of the 10, 6 storms oceurred in 1935, and none occurred in 1937.
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The entire annual total soil loss of 12,520 pounds for 1937 was aqualed
or exceeded by the individual storm losses from & storms and closely
appreached by 4 others. One storm, May 8-9, 1936, caused nearly
6 times as much soil loss as the 1937 total annual loss and exceaded any
other annual loss during the 10-year period except that of the year in
which it occurred.

These data indicate that the major soil losses result from relatively
few ruins which may eceur during any month of the year, but are most
probable during May and June and least probable during August and
September. The storms are characterized by the oceurrence of high-
intensity intervals during some part of the storm period. The highest
intensities were reached by the spring and summer rains when the soil
was most vulnerable to erosion. This fact points to the possibility of
greatly reducing soil erosion losses through the employment of a cropping
system that will provide the greatest possible protection during this
vulnerable period.

A detniled record of the runoff and soil loss from the 12 eontrol plots
on Kirvin fine sandy loam, for individual rains, is given in tables 30 and
31, Appendix.

Control-Plot Experiments
The control plots and plot treatments have been fully described
under the heading Control-Plot Installations, p. ...

TabLe 8.—7Pen-year urerage annuel runoff, soil loss, und crop yield from contral plois,
183140,

(Kirvin fine sy loani—8.75-percent slope.  Average ruinfall 40.66 inches.}
|

: Surliee runufl
! Yietd of
Crop and trealment t ; Tereont of 1 Soll loss | sead colton
! Depth total PEr e Her uere
i rainfall

frehen Pereent Pounds
7o ¥ 43

Continames cotlon

Continuons cotlon.

Coutinuous vollon.,

Cunlinuens vollon. s mm————
Tovation ¥ colten faverge 4 yrel, o
Wntation Teatlon faveraee & yes.l Lo _
Ltednlion T eotton taveragn 3 yrs)
Continuauy Bernmda gross, elipmel
Lare Fallows. __. - .
Desarfnced, entio .

Dreaurfaced, eolion. .-

Preaurfieed, colloy

—
e == R =L e O
NI LH L0 e Dy S = NG G
BT DT e D D — DO AT IS

ESE3 DS =

J
Weginning I 1035 ploty {, 2, 3, 4 1 B2 reecived 00 1bs, per acie of 4-3-4, Plots 5, &, 7, and 10 received 100

1. suprrphosphate per aere at the tino of seeding velch cover crop, Al plols wore eultivated Flab excopk plots 4 and

12 which !md cidise cullivatian i 1935, i

1 A ratation ol cotlon, corn, und lesprilezn was practiced until 1935, after whish sarghun replaced gorn and cowpeas re-

placed lespedeza. Lo V938 vebel eaver crop replaeoid mwal] grain cover erop on plats 5, 6, ane 7.

3 Tlot D was hunl Bllow until 1935, after which iL was cultivated, >

i o yiehl taken.

+ No crop,

The control-plot vecords, tables 3, 4, 5, and 6, indicate that several
factors, singly and in combination, are in:lrumental in determining
the amount of runeff and soil loss. Inereascs in length or degree of
slope caused increases in loss of soil but did not materially increase water
losses. The pliysical properties of soil, such as are used to differentiate
soil series and soil types, are important factors in determining soil and
water losses. The Kirvin series on an 8.75-percent slope eroded ab a
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more rapid rate than the Nacogdoches under similar treatment on 2
10-percent slope. Topsoil did not erode as rapidly as subsoil exposed
by desurfacing. Table 3 indicates that the large increase in losses from
the desurfaced plots over those of normal profile was probably the result
of & combination of two factors; namely, inherent difference in physical
characteristics of topsoil and subsoil, with corresponding difference in
ability to resist erosion, and the difference in the density of the vegetative
cover furnished by cotton crops grown on the test plots.

TABLE 4.—Bighi-year average annual runoff, soil loss, and crop yicld from coniral plots,
1988-40.

[Eirvin fine sandy loam, 16.5-poceent glope.  Average rainfall, 41.48 inches.|

Surfage ranafl )
Yield per
Plot No. Clrop and treatmeni ! Soil loza acra
Vercent of ET BCLD geed cotton
Depth totp!
rainfall
Triches Percent Panz Poynds
Plot 1, 38 feet. . | Continuoua cottan - 4.87 1.7 39.55 576
Plot 2, 72 feab.. | Continueua cotlon. .. R 5.07 14.4 01.06 462
Plot 3o Dermnudn grass, elippe W11 3 005 (1

! Theginning with 1935 cotton recelved 400 pounds 4-8-4 {ertilizer per acre al time of planting.
1 No yield taken.

F3

TABLE 5.—Nine-year average annual vuneff, soil loss, and erop yield from control plots,
1982-40.

[Macogdackes fne sandy loam, 10.0-percent slope, Aversge rainfall, 41.68 inches] *

Surface cunof ,
Soll lgsa Yield of
Plot Ho. Crop mil treatment! per agrd seed votton
Total per agra
Drepth rainfall
fckes Frercent Tars Pounda
Plot 1,30 feet. - | Continuous eotton_ . cooeeeooonooianan G.09 14.6 §.57 450
Plot2, 72feet. - | Continuous cobion.. .. e mmm——————— 5.79 13.0 G.48 420
Plot 3., oo Berinuda grass, clipped, degurfoced ... J14 3 .05 m
Plot 4, 72 {eet . | Continuaus eobfon oo v 1.97 4.7 4. 40 120 °

! Brginuing with 15235 cotlon recived 400 pounds 4-8-4 fertilizer per acre ab ting of plunting.
* Mo yield token.

TABLE 6.—Nine-year average annual runoff and soil loss fr;m hardwood conirol plots,
1982-40.

{Kirvin fine sandy loain, 12.5-pereent slope.  Average winual rainfalt 40,93 inches.]

Surfuce runaff
Plot No. Treatinent Foll lows
Pereent, of per ucre
Depth tutal
rafnfull

frches Percent Tanx
leammmeee Burned in Mareh 1.07 2. «30
2. Not burned 14 R 05

 The evidence supplied by the control plots (Sce figs. 6 and 7, pp. 15, 16)

indicates that the effects of the various physical factors influencing
erosion can be masked or completely counterbalanced by the protec-
tive attributes of vegetative cover. The effect of vegetative cover in
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control of soil losses is in direct proportion to the quantity and quality
of the cover afforded and the time that it occupies the Jand. :

Continuous cover of Bermuda grass or hardwood forest gave highly
effective protection from both soil and water losses, irrespective of degree
of slope or difference in soil type. Losses of soil and water were negligible
in both cases. The treatments of control plots and average losses from
various erops on 8.73-percent slope of Kirvin soil are presented in figure
17.

A detailed discussion of the factors influencing the rate of erosion is
given in the following accounts of the several studies and the compari-
sons available from the control-plot data.

Soil series.—Two of the important soil series of the area—Iirvin and
Nacogdoches—were put under measurement in order to determine the
reladive rates of erosion that oceurred under similar cultural treatment.
The results over the peried of record, where the topsoil and subsail of
both series have been cropped continuously to cotton, showed a wide
difference in smrface runoff and soil loss. The average soit losses from
Kirvin on an 8.75-percent slope, have been three times greater than from
Nacogdoches on a 10.0-percent slope with the same crops, seasons, and
cultural treatments. A comparison of these two soils, under both top-
sotl and subsoii conditions, where crops and treatments were duplicated,
is presented in table 7.

TasiLe 7—Surface runofl and soil loss from Kirvin and Nacogdoches soils under similar
erop and culiural treatments, 1932-40.

Surface runoff i
i Average 4 .
Sail surley : shanudl £ Soil loss
; f

rainfnil ' Percent of peF acre
Bepth total

i rainfoil {

Ineh Pereent
Nacogdochea tepaail .
Kirvin topsoil _ . . .
Waocogdaches subsot R W68 .
Kipvin subsail ; N

|
i
|
l

Slope length.—This study was conducted on seven control plots, three
of which were on Kirvin with 8.75-percent slope, two on Kirvin with
16.5-percent slope, and two on Nacogdoches with 10.0-percent slope.
The average annual soil losses, ag shown in figure 18, from the three
plot lengths, 36.3, 72.6, and 145.2 feet, on the 8.75-percent slope Kirvin
with the same crop and cultural treatment were 14.50, 24.07, and 33.20
tons per aere, respectively, for the 10-year period of record. The per-
centages of surface runofl for the same period from the three different
stope lengths were 18.5, 10,9, and 18.5, respectively. The data sceured
on the 36.3-foot ans! the 72.G-fout length plots loeated on 16.5-percent
stope Ilirvin show o similar trend.  These data indicate that a definite
increase in soil loss may be expected with an ingrease in slope length on
Kirvin, XNo material differences are shown in the percentages of sur-
face runofl from the three different slope lengths.

The soil losses on the slope lengths of the three groups of plots
were consistently higher on the longer slopes.  Fowever, the differences
were not so great on Nacogdoches as on Kivvin, A summary of the
comparative losses from the different stope lengths is given in table 8.
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Fraurs 18.—~Average surface runoff and soil loss from control plots on various slope lengths.
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TanLe 8.-—Average soil and rwaler losses from different slope lengths for the period of
record, 1831-49,

10-YEAR A l’ER\G.E:. 193149

Blot ) : L Bofface
Slope dimensions ' Crop ¢ Rainfall . ranol

1 : '
Pergent * Pert i
8.75 Gx368.3 ! Cottan_____f
§x72.6 ) Cotten
§x 145.2 ; Cotton

1

5-YEAR AVERAGE, 1933-i0

3x36.3 i Cotton
0x 73,8 : Catton

S-YEAR AVERAGE, 18320

| Nasogdockes. .. 0. § %383 i Cotton.....- TR
Narogdoches. . 1 6x 720 13,82

t

Degree of slope.—The degree of slope may be the determining factor in
the selection of a kind of erop which may be successfully grown on an
ares without excessive soil losses. The utilization of steep slopes, how-
ever, should be confined to perennial crops having a high degree of
erosion-resistant ability. The continuous ¢otton plots on i6.5-percent
slope Kirvin lost over 214 times more soil per acre than similar plos on

- B.75-percent slope Kirvin, Bermuda grass sod on the éwo degrees of

slope did not show any material differences in the surface runoff and
s0il losses, as both were of neglizible quantity {table 9).

Tance 9,—Average soil and waler losses from control plots of different degrees of slopes. t
#0-YEAR AVERAGE, 19314¢

Plot i . : U Burfacy
No,  Dimensionz - Crap ; Rainfli | ranofl

* For a dretaited recond of:;:olf, wmil fu!!t;: 1;1J yiclds see tables 82, 33, und 34, Appendix,

Plant cover —The cffectiveness of the protection afforded by plant
cover against surface runoff and soil loss has been clearly demonstrated
by the grass and lorest cover plots {tabie 10). No attempt has been
made to separate or evaluate the importance of the different contributing
factors—including eanopy inlerception, surface proteetion, soil structural
changes, and biological activity., The important fact clearly demon-
strated is that both grass and forest cover have played an outstanding
part in decreasing surface runoff and soil losses te aegligible quantities
as comparedito the losses resulting from inteasively cuitivated crops.
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Burning of the surface lifter has increased both surface runoff and
soil losses from the wooded ares. Average runoff and soil loss by sea-
sons is recorded in table 35, Appendix. The surface runoff ard
soil Josses from, the Bermuda grass plots weve relatively constant after
the sod beecame well-established. The coatrot-plot studies show that
a good vegetative cover is not seriously afected by wide variation in soil
type, slope factors, or vainfall characteristics, and that the degree of
effectiveness to which it may be nsed as an erosion-control measure is
dependent upon the quality of the cover and time that it occupies the
ground,

TasLE 10.—Averege losses from control plots with different plant covers.
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! A\-mgc weight of an acre-lnch of Karvin topsoll is approzimately 204 tons, The svorago weight of an scre-inch of
Nacogdoches topsail is approzhuately 173 tons,
1 Ifmi fallow, 1033-34; cultivated [allow, 193540,

Seasonal runoff and soil losses for the several groups of control plots
are given in tables 36 and 37, Appendix.

Crop rolation.—Plots 3, 3, 6, and 7 were used in the crop-rotation
study. Plots 5, §, and 7 were planted in a 3-year rotation of cotton,
corn, and lespedeza with n small-grain winter cover crop, which was
turned under as green-anure preceding the planting of each of the three
harvested erops. Plot 3 was planted continuously to cotton without a
winter cover crop. This cropping system was continued from 1031
through 1935. At this time the system was changed to sorghum, cow-
peas, and cotton with vetch as the winter cover erop.

The data over the peried of record show a consistent decrease in soil
loss as a result of the combined effects of the rotation ol erops and winter
cover erops. llowever, there has usually been a period during the late
fall or early winter when the soil loss was higher in the rotation plot than
in the continuous cotton plot. Over the period of record, however, the
continucus cotten plot without a cover crop losé an average of 24.07
tons of soil per acre; whereas, the plot on which the 3-year rotation and
winter cover crop plan was [ollowed lost only 17.20 tons per acre, 2
difference of G.87 tons or 28.5 percent in soil loss, During the last 5
years, the average soil loss from the original continuous cotton plot 3
was 25.7 tons per acre and from the rotation plots 5, 6, and 7, the soil
loss was 16.19 tons, a difference of 9.51 tons or 37 percent in favor of the
rotation treatment {fig. 19).

This study has clearly demonstrated the efficiency of & cropping system
which includes legumes and winter eover crops as & soil conservation
practice. The yield of cotton in the rotation has been equally as good
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Fiaure 19.—Effect of crop rotation with vetch cover crop on soil and. water losses from 8.75-percent Kirvin control plots for period
: , 1936-40. -
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as that when colton is grown continuously and an applieation of 400
pounds of 4-8-4 commercial fertilizer per acre applied annually. The
only fertilizer used on the rotation was 100 pounds of superphosphate
per aere annually, applied to the veteh winter-cover erop.

Organdc matler irealments. —The beneficial ¢ffeets on crop yields of the
application of organic matter to the soil has long been recognized through-
out the region. Iowever, the effects of such treatment on the amound
of surface runoff and seil loss has not been determined.  Plots treated
with various tvpes of organie mattor were instabled in 1933 and measure-
ments were made through 1935, Tahle 11 shows the results obtained
for the period of record.

Tans 11, —Organie-matler ireatment, 1933-35.
[Eirvio goil, 0.58 percent slope, plats 72.6 x £2 feet, 150 uerel

b Hoil by E‘ﬁcld per
Laiufuil Buefnee runeff $r nere ! acre 2

i Tons Founids
: . : !

A 23,67 . 2.5 ) L Q.05 1,126
o Cheekeatton, L 35,18 4.8 1.4 4.40 225

_ Clieck-cottan, 0 s, por uere - 44,45 BA; 0.8 5T 05
of 4-5-4. ! :

Plot No, and yrar {'rop nmd treatmivnt

Tnches Incher . Hercent :

e B {138 1T I G5 B0
Phyeal BYOOIRC . oo o are s e 4242 - . ;

1933 1, een . . Ustton—15 tons per aore of ok 23,83
feavis,
cea L Kotten. o L A 45,18 .
. Uobten 400Hs. 4 8 4 perneee. 15,48

Tobaleaaneee ot . Cowroe
B T GoooAzge

4933 0o Cotton - 10 Lo compost  por 23,68
. heee, :
e Catten. oL L ... 35,18
-t Cottons 4001hs. 48 4 pornere 41%.4% -
Toial‘.. Lo 10729
A e TN T U S |

4 . H
Rk I i Cotton 10 tong per nere barn- - 23,03

D yard umnare. . i

e Dotton.. e i 15,18 -

i Potdon 4000, 4- 54 peracee. $5.48 -

Tatab, ol i o 072D
2layour svensge i i 42,02 !

1 Mezsuremenls starled July {, 1933,
? Send colton,

These date do not show o clear trond as to results by treatments,
but indicate that the most benefit ocewrred during the first season after
their appiteation. The measuring equipment wis not installed in time
to measure Lhe losses during the vulnerable period for this year, but from
careful observations made prior to actual recorded measurements the
organic-matter applicutions, especinliy oak leaves, were found to be
very elfeetive in reducing both runoff and soil losses during this period.
The record of the [ollowing years of study as well as the average soil and
water losses for the entire period of record indieate thal benelits aeeruing
from additions of organic matter ave confined, fo a large degree, to the
first year after application, Little residual effect is discernibie after
decomposition of the organic matter has oeeurred.
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Strip cropping.—Contour strip cropping as an erosion-control measure
in this area is & comparatively new practice and many details of its
adaptation remain to be worked out. Contour strip eropping—the
planting of crops of erosion-resistant qualitics in strips—is carried on
for the purpose of decrensing the rate of flow of surfaee runoif and thus
causing the materia) carried in suspension to be deposited in the strip.
The strips serve as & runoff spreader also, thus decreasing the concen-
tration of runoff as it passes down the slope, and reducing its cutting
effect. This study indicates that strip eropping as practiced at this
station reduced soil loss on ungullied slopes.

On a 5.5-pereent slope of Bowie fine sandy loam, with a slope length
of 145.2 feet in which 50 pereent of the strip-cropped plot was a resistant
crop, the soil loss was only 5.9 tons per acre; whereas, on the cheek plot
the soil loss was 17.6 tons per acre. These resulis were recorded in o
study eovering o period of 4 years, 1935-38. There was ne corre-
sponding difference in the average surface runofl, however. The strip-
cropped plot lost 4.51 inches and the check plot lost 4.41 inches as sur-
face runoff. The average data for the pertod of record are given in
table 12,

Tasik 12, —Runofl and soil luases for s{!m’p-:r»‘n pped control plots of Bowle fine sandy
LT

[H-YEAR AVERAMIE, 1935.3%]

: Soil boewt
Plats Ttminail Runoff {or e ['rop und troatinent ¥

— © o et s — e m—— g e —

inchet . Iuchu Pergent
.40 1.52 1.4

Tonz
5.30 . Uoutend strips Sorghum interplanted with
caw peus aiid followed by oals w Lhe spring.
| Eracibe stap: {lotton, followed by vete
. i caver crop plowed mder preceding the
| +  plonting of cottan,
441 3.5 37,50 | (Continvous cotton, fotlowed by veleh cover
P ' * ecrop which wag plowed under preeoding
1 : (ke planting of ention in the spring.
5 Slope tength §43 fect, . X )
1 Cptnsereiad fortilizer 0l the rute of 200 (i, por aere of A-8 3 wis apphied at Uie lme of sepding of the spriug-planted
cat stripw, Al vetch cover erops on the erodible strges and cheek plot recerved suprphosphiate at the rate of 100 pounda
por acre ut the time of seeding of the vewch.

Stop-crongwd..

On a 6.5-pereent stope of Kirvin soil with a length of 72.6 feet and n
whieh 50 percent of the plots were planted to a resistant erop, the average
soil logs from the strip-cropped plots was 24 tons por acre, as compared
to 27 tons per nere on the cheek plots.  Again, there were no material
differences in the average surface runoll from (he two Lreatments. The
strip-cropped plots lost an average of 1.7 inches of surface runoff and
the cheek plots it inches. The results for the period of record are
given in table 13.

Culiural methods of resisiing crosion with crops.-—Three plots {one-
fiftieth aere, 72.6 feet in tength and 12 feet wide) lucated on an 8-percent
stope of Kirvin fine sandy loam were used in thisstudy. The plots were
enclosed by 12-inch boards, 6 inches of which were submerged below the
surface of the ground to prevent outside water Irom entering the plos
areas. Two of the plots, 7 angd 8§, were equipped with Geil divisors.
The other, plot 5, had a Uhland-type divisor which afler the first year
was replaced by a Geib divisor.
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TapLE 13.—Runoff and soil losses for e}lrip—crappcd control plofs of Kirvin fine sandy
aam, 1

[B-YEAR AVERAGE, 1035-35]

Boll lowy
Runaff © peragre - Crop and treutment

Tint Rainfall

Inches Pereent . Tamp | . .
4.67 13,3 ; 2h04 | Control atrip: Sorghum, interplanted with
: i cowpeas follownd by oaty planked in the
o spring.
* Erodilie strip:  Collon, follawed by veteh
: R caver crop turned under preceding the
: : ! planting of cotton jn the spring.
Cheek.o ooeee . LI 12.8 | + Continicolis cotton, vetch cover erap turned
i : ) 1 under preceding the planling of collon in
i . i ¢+ the spring,
i : : : i

¥ Slopo length 72 leet; 0.5-perecnt alape.

Sieip-cropped. . 35

!
|
i
I
!
!

The treatments consisted of & mixture of sorghum and cowpeas which
were planted flat and on the contour in 7-inch, 24-inch, and 42-inch drill
spacings. The rate of seeding on the 7-inch spacing was 30 pounds of
sorghum and 10 pounds of cowpeas per acre; on the 21-inch spacing,
10 pounds of sorghum and 10 pounds of cowpeas per acre; and on the
42-inch_spacing, 5 pounds of sorghum and 10 pounds of cowpeas per
acre. The plots planted in 24- amd 42-inch spacings were cultivated
twice during the growing season; whereas, the 7-inch spacing was culti-
vated only once. A uniform application of 4-8—4 fertilizer was applied
ab the rate of 200 pounds per acre at the time of planting. The ¢rops
were harvested on the same date when n satislactory stage of maturity
for feed was reached. Yields were recorded in air-dry weights per plot,
The records of surface runoff, soil loss, and crop yiell from these plots
for the period of record, 193G-38, show only negligible differences be-
tween the results from the several treatments. With the 7-ineh spacing
there was an average loss of 6 inches in surlace runoff and 6.8 tons of soil
per acre; with the 24-inch spacing, 5.7 inches in surface runoff and 8
tons of seil per aere; and with the 42-inch spacing, 5.6 inches in surface
runoff and 6 tons of soil per acre. There was, as is shown, only a siight
difference in 50l losses from the two extremes of 7- and 42-inch spacings.
The yield of air-dry feed per acre from the 7-inch, 24-inch, and 42-inch
spacings was 4.6, 5.0, and 4.6 tons, respectively. A finer quality of
feed was produced on the thicker spacing ns compared with the forage
produced on the wider spacings. Since there was no outstanding dif-
ference in either soil or water Josses, the ultimate use for which the crop
is grown appears to be the determining factor in the selection of row
spacings for sorghum and eowpea mixtures in this region.

Field Arens

Strip cropping wilh terraces.—As an ndditional means of redueing soil
loss from crops on {erraced land, strips of erosion-resistant crops alter-
nating with the more susceptible crops may be used in the cropping
system. The location of these control strips is important since it may
determine the amount of silt enrried into the tereace channel. '

This study shows that when the control strip is located immediately
above and includes the terrace channel, the losses are less than when it
is on the midisterval or directly below and adjacent to the terrace ridge.
The ‘average losses from sorghum and oat control strips on different
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locations within the terrace intervals are given for comparison with the
check intervals in table 14,

TABLE 14,—Average annual surface runoff and soil loss from strip-cropped lerraces,
1937-40, 5.5- to 6.5-peroent stope.

{Terraces 700 fect Yong, 3-inch grade, 3-foot vartical intervat, Average annus! rafnfall 39,63 inches,)

Surfnee runoll _

Leeation of etrip apd Hoil lom

erofa used Crop and treatment : per azre
Doplh Tiainfnil

. . Fusher Precent Tonz

Check, nocontrol strip Rolation:  Cotton and corn with veteh cover 7.54 6.0

erogs followinigt corn and oab eover crop fole

. Jowing cottnn,

Midiztervol (sorghom and Rotution: Corn ond cotton on eredible area R 2.2
oats} with vetek cover erop follewing corn and

. oats following eotfon,

Above and including chaa- | Retation: Corn and catéon on eroadibde area . 8.0
el faorghuen and onts), with vetch eaver crop Tollowing corn and

. oata following cotton.

Below and ndjncent to tor- | Totation: Corn nnd cotton on eradible aren . 21.9
raco ridge {sorghun and with veteh cover crop following corn nd
oats), onts follawing cotton,

Short ierraces with uniform and variable grades.—This experiment was
conducted with five terraces numbered C-4, C-5, C-6, C-7, and C-10, in
order to determine a satisfactory grade for short terraces. Physical
characteristies and average soil and water losses are given in table 15.

TaBLE 15.—S0il and waicr losses Jrom the ends of 700-fool terraces with uniform and
varioble grades,

H ftonchl I

Average  Averagn S

Teerace No, Interterrace | lend sertical Gende ; | Soit ! ons
aren slepe imtersal | per H0Q fred i Peracra

runoll Lo

rainfull

Acray

i
1
1
1
1

4
I
04
02
J00

+

¥ B-yr, period 103138, Reconds for 1936 pnitted because recorda for most of these terrucss for the mazimum roin of
M::{ S-:il, 1036, were losk owing to breaks 1 terraces on oo adjeeenl g,
evel,

It should be noted that stight differences occurred in the avernge
vertical interval of the terraces owing to the grades of adjacent terraces.
It is believed, however, that this small difference in vertical interval had
littie or ne cifeet on the results obtained.

Meusurements from two of the terraces in this experiment, C-4 and G-5,
were discontinued January 1, 1939; thercfore, only the resuits for the
8-year period 1931-38 are prescnted for comparntive purposes. A more
dcit;itiled preseatation of the data from these terraces may be found in
table 10.

Results show a definite decrease in both soil and water losses with a
decrease in terrace grade.  Avernge loss with the terrace having a con-
stant grade of § inches per 100 fect was 12.4 tons of soil per acre and 35.7
percent of the total rainfall; and with the 3-inch graded terrace 5.0 tons
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TasLE 16.—Annual records of runoff and soil loss from the ends of short terraces with uniform a»nd'variabla grades, 1931-38

Runoff 5 ’ .

Total 1 Soil loss per-acre
prg{:jpita- Depth’ - Runoff: 2
ion.

Terrace number Terrace number ) Terrace number

O ! Cc-6

Inches
6.83
18.23
16.18

15.29
21.99

12.35 10.19
9.34 9.29

. 100.21 97.43
Average annual. 14.32 13.92

gk

(2 mmq.ww:]

o
= 3

N

[
U"ﬂ) [
enogo | o
an ] G0

1 Total annual precipitation as measured by recording rain gage, field G. '3 Recotds for 1936 are omitted {rom summary because records for most of these
3 In percent of total precipitation for the year. térraces for the maximum rain of May §-10, 1936 were lost owing to breaks in ter-
- races on an adjacent area. A

H
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of soil per acre and 26.3 percent of the rainfall. There was a similar
decrease with the variable graded tervnces, although the difference in
soil loss was nob cuite so great. The 0-6- iuch graded tervuce lost
approximately twice as much soil and 39 percent more runoff than the
0-3-inch graded terrace,

The level terrace was more cfficient in retaining runoff but theve was
little difference in soil loss from the constant 3-inch, variable 0-3-inch,
and the level terrace.

Long terraces with wniform and varieble grades—This experiment
consisted of two ferraces, 1,700 feet in length numbered ¢-12 and C-13,
and was initiated to determine the effect of grade upon soil and waler
losses from long torraces. Differences in physical characteristies and
the average annual soil and water losses resulting from these differences
are shown in tables 17 and 18,

Tanre 17—Runoff wnd soil losses from long terraces with uniform and variable grades .

\ Avtrago
Terree Ko, | Interterruce Testeed
DIeh slope

Averags

erlien! Grade Renef il ! losx
wrterval pner 166 feet T Iere

4.7
5.0 ' 3 {

! 10-yr. avernge 183141, Dutn for 1935 omitted brewuse recorda for maximum rakn of May 8-10, 1928 were lost owing
to terrmee broks,

fnches Fuches Pereent Tunx
-1 g 5! 22,7 5.38

i 1
08 I 2.7 .37

. 7.
2.8 0.5

i
1
!
e
Aeres Percent ; Fert
2,48 |
L}

Tarie 18.—Annual runeff und soil loss from the ends of long tevraces with wniform and
variable grudes, 1881-41.

Potal Hunoft Foil ows per nere
il — o
{precipitation!

Tuerraes Ternie ‘Tereaco i Terriien Tertuen Terrace
-2 (13 -2 &-13 C-12 C-13

fachrs fuches Perecnt Fereent

3.3 4.02

12,87
8.8

.80

14,60

WWD.&F
CF 3D s T3
B G o B
3 M=

13 b me g
I e
== -

=D
[T - ]
= b b b
PO

Ayerage onnual.

1 Totul annval precipitntion oz lhyr fug T gage, fivld C. . .
t Recards for 1080 omitted from wommary becnusn reaurds for these lorraves for insximuw raln of Mauy E-10, 1930
were Jost owing Lo breaks by terruces,

Ixperiments show that as in the ease of the 1,700-foos terraces, thero
is slightly less runoff for the uniform grade while the soil loss is somewhat
less for the vaviable than for the uniform ginde terrace.

-The additional length had listle effect on thoe total amount of soil and
water loss per acve.  Iowever, the penk rate of runoff was not so high
but more prolonged than the characteristic flow [rom shorter terraces
of similar design.
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Terrace C-14, an adjacent terrace of similar characteristics but with
an average vertical interval of 4 feet, Jost slightly less runoff and approxi-
mately the same amount of soil as terrace C-13, over the period of record.

Short graded terraces with different vertical intervals.—Terraces C-8, C-9,
(=10, and C-11 were used in this experiment. They had a uniform grade
of 3 inches per 100 feet and were 700 feet long with an average land slope
between 6 and 7 percent. (ther physical characterigtics and average
soil and water losses are shown in tables 19 and 20.

TasLE 19, —Runsff and soil loss from short graded terraces with different vertical intervels

. Averuge Average
Tetrace No. Interterraco land vertical Ruynofl Soit losa
nren slope interval per acea !

Acrea Pereent Feel Inche Percent Tona
1.52 . . .85 23.2

1.12 . . 10,27 24.0

A1 . . 10,83 26,5

.69 . . 7.05 19.3

1g-yr. pecied 1833-40. Data for 1936 omitted because records for maximum rain of May 8-10, 1038, wer loat owjng
to breaks in terrace Irom an adjacent area,

Results from these terraces are consistent from year to year. There
was very little difference in soil losses from the terraces with 3- and 4-
foot vertical intervals, but there was a marked increase in runoff from
terraces with intervals greater than the 4-foot interval.

Losses from terrace C-9, with a b-foot vertical interval, were higher
than the losses from C-8 with a G-foot vertical interval. This was due
partiy to a gully that formed in the terrace interval of C-% near the
flume, which deposited a heavy load of soil in the silt box.

Although it was not reflected in the total soil loss measured from C-8,
considerable gullying ocecurred on the long slope above this terrace.
This was also true of terrace C-9, but to a lesser degree. The most
satisfactory results from this series of terraces were recorded for terraces
C-10 and C-11, with vertical intervals of 4 and 3 feet, respectively.

Long graded terraces with different vertical inlervals.—Three terraces
1,700 feet long were used in this experiment. They were numbered
C-13, C-14, and C-15 and had a uniform grade of 3 inches per 100 feet.
The interterrace ares, average land slope, and vertical interval, together
with average soil and water losses are shown in tables 21 and 22.

This experiment showed that there is a small decrease in runoff as
the vertical interval decreases. There was no significant difference in
soil loss between terraces with 4- and 5-foot intervals, There was
however, for the terrace with a 3-foot interval, a marked reduction. It
should be noted that terrace (-14 had a greater land slope than the other
two terraces in thé experiment. There was also a greater amount of
thin topsoil in the area it protected. These two factors probably con-
tributed to the increased soil losses recorded for this terrace. Con-
siderable gullying occurred between the terraces having the wider

. spacing.

Length of terraces—Measurement of soil and water losses was con-
fined to the three terraces C-10, C-14, and C-17, in this experiment
although many other terraces were under observation for the period of
record. These terraces had o uniform grade of 3 inches per 100 feet
and a vertical interval of 4 feet, Other characteristics, together with
soil and water losses for these terraces, are shown in tables 23 and 24,




TaBLE 20.—Annual runoff and soil loss from the ends of short graded terraces with different vertical intervals, 193340

Runoff Soil loss per scre
Total t
‘precipitation

Terrace Terrace

C-8 c-11 C-11 C-10

Inchcx Inches Percent Tons
47 5.96 7 3 26.6 13.0 . 2 6.62

9 52 8.78 . 5.09 27.2 . B .
15.47 . 11.28 . 23.2 ; 7.67

6.03 . . 6.04
6.17 . 7.05
5.28 . 5.66
14.91 . 14.58

66.85 55.66
Average annual. .. . 9.55 . 7.95

1 Total annual precipitation as measured by recording rain gage, field C. 2 Records for 1936 omitted from summary ‘because records for these terraces for
. : the n{axunum rain of May 8-10, 1936 were lost owing to breaks in terraces on ad-
jacent area

TOYINOD NOISOYH NI SNOILVOILSHANI
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Taere 21, —Runoff and soil loss from long lerraces with different vertical inlervals

1
Average Averuge
Terrace No. Intertercnee 11 verkival Runoff Soil loss
Y slope interval por acre !

Acres Percent Feel

1 M0-ye. average, 1921-40 Duta for 1936 omitled becavse records for snaximum rain of May 5-10, 1936 ware last
owing to lerrace breaks.

Tasie 22.—.1pnual runeff and soit loss from the ends of long graded terraces with dif-
Jerent verticel inlervals, 1931-41

LTI Seil loss per acee

Tatal !
precipilation Terrace Terrace

c-13 | 15 { ¢15 | e | oot

Inches | Inches Pereent § FPereent
4.02 3.2 N ¢

02—
i ey
3

12.87

B.81
11.01
12.60

7.72
1i.88
.03
10.61
5.20

po.86
Average an- . 9,08
nual.

13—
=)
0 e 8

— g — I3 kD
BT

e

' Tota] anngal precipitating as mewsored by recording calu gage, Rebd G
? Retords for 1936 omitted from summary beeause records for these terraces for the maximum rain of May B-10, 1938
were ost owing to terrace breaks, :

TasLe 23.—Soil and waler losses from lerraces of different lengths

Interterrace Averuge Joil loss 1
Terrace No. aren Inng slnpe Length Runoff per acre

Percent Feet fnches Pergent Tonz
0.4 00 10.48 23.8 .

1.6 1,700 8.37 0.4

1.7 1,100 7.3 1.8

-

FOyr. peried, 183140, Data for 1930 ounitted becangs records for mazimum rain of May 8-10, 1930 wore [ost owing
to Lreaks in terranes,

All terraces performed satisfactorily up to and including those 1,700
feet in length—the limit of thre experiment. Results presented in table
24 shoiv that there is no consistent increase in either soil or water loss
per acre with an inerease in length, although the peak rate of Aow was
lower but became more prolonged with increase in length,

Terrace C-13, a 1,700-foob terrace in the grade cxperiment, had a
maximum of 15 inches of water passing through the flume on May 8-10,
1936, which oecurred immediately belore the terrace broke. Terrace
C-14 had a maxtmum head of L4 inches but sufficred no break. This
indieates that it is neeessary to provide an increased cross-sectional
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area and greater height in the initial construction and to practice more
careful maintenance on ferraces exceeding 1,700 feet in length.

TapLe 24.—Annual runcff and soil Ios:;‘? fromo the ends of terraccs of different lengths,
18314

Hunsff Soil loss per acre

Total
precipitation Terrace Terrace

i H
C-10 | C-i4.} €17 § =10 | Ce14
M 1

]
~

ooy
]
=S

Percent
9.0
24,4

totnlaml oty

NS b G ED D

SR

ERIETY .20 | - : Yiie t 60.82 :
Aversge an- . A8 | 37 .40 ; i R .0, -L!ll{ 8.70 3.18

nual. i

! Total annval precipitation as measured by recording rain gage, field C.
1 Records for 1036 omitted from summary because records for these terraces for the raaximum rin of May §-10, 1936

were lost owing Lo terrace hreaks,

Level lerraces.—In addition to other terrace experiments, two level
terraces were under measurement for the period 1933—t1. The per-
formance of several other level terraces of various lengths and wvertical
intervals was observed during the period of record. The physical
characteristics of the two terraces under measurement together with
the average soil and water losses recorded are given in tables 25 and 26.

TaBLE 25 —Runoff and soil losses from level terraces

! Averuge Aver
Interterruce 2n vertica Length Soil toas
arca slope interval 1 per acre

Terrace nn,

Acres Prresnt Fecl i inches i Pereent Tons
1.50 4.0 0 G.a42 T9.4 3.32
3.0 8.8 1.0

; } 13
A-3-.--._,-_' 3,50 i

Tantk 26.—Annual runoff and soil loss from level lerraces of diffcrent lengths for the
period, 1933-41

Tutal precipitation Runaft Soil loas per acre

Terrace Terrace Terrace

c-a

Fereeat

Average gnbu-
a,

I Becordes for 1038 emilted sinee records for the maximum rain of May 8-10, 1536 werc lost owing to terrace breaka,
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It will be seen from the characteristics given in table 25 that the two
terraces are not directly gomparable. However, the information ob-
tained is valuable in evaluating the usefulness of level terraces.

Soil and water losses from A-3, the 2,300-foot level terrace, were
lower than for any terrace measured. The losses from G-3 compared
favorably with those from C-7, the 700-foot level terrace used in the
grade study for short terrnces, and were less than those from terraces
with a minimum grade.

Experience with open-end level terraces under observation has shown
that some damage to growing crops in the channel will oceur during
periods of heavy rainfall. The condition giving rise to this one objec-
tion has not occurred frequently enough, however, to preclude eatirely
the use of level terraces, although it would probably be more serious if
such terraces were used on thin soils such as the Kirvin having a tight,
impervious subsotl.

Some frouble was encountered with breaks in the 2,300-foot level
terrace, although this oeccurred only about four times during the period
of record. General observations have indicated that much more care
will be required in building and maintaining level terraces than graded
terraces, and that these terraces should be used only on gentle, well-
drained slopes having a deep, permeable soil, such as Novfolk.

During the early years of the station, several closed-end, leve! terraces,
encircling a knoll, were constructed in field A. They were used with
fair success during 1931 hut all overtopped during the 5.94-inch. rain of
January 4, 1932. Damage to the field from these breaks was excessive
and proved conclusively that closed-end, level terraces were not practi-
cable for miich of the area served by the station. The character of the
rainfall is such that it is not possible to retain all of the water that falls.
During periods of high or intense rainfall, it is essential that a part of
the water be permitied to eseape as runoff.

fleview of terracing experiments.—Comparison of the amount of ma-
terial removed by erosion from terraced and unterraced areas serves a
valuable purpose in indicating the effectiveness of control by terracing.
It should be clearly recognized, however, that under the experimental
technique used, the two measurements were not precisely comparable.
Records of losses of soil from the ends of terraces are very useful in com-
paring the effectiveness of terraces of different types, sizes, and gradients.
In comparing such records, however, the surface configuration of the
interterrace areas and the distances between the terrace ridges must be
taken into consideration.

Unterraced areas were measured as closed watersheds; that is, there
was no way for croded meterial carried to the lower parts of the areas
to eseape cxcept through the measuring devices, The drainapge areas
formed by the ferrace ridges—the interterrace arcas—however, were
not: entirely elosed. That is, a considerable portion of the soil eroded
from the upper parts of these interferrace areas was deposited in the
terrace channels and did not pass en with the runoff through the measur-
ing devices at the ends of the terraces. Under some systems of terrace
maintenance, part of the soil deposited in the channels is periodically
moved up and over the terrace ridges. Irom the lower sides of the
ridges this is eventually eroded into the next terrace channel downslope.
Over a long period, this cycle of erosion, deposition, and transposition
through maintenance operations is usually repeated many times. As a
result a continuing downslope movement of soil takes place, varying
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in amount from an insignificant minimum on’ gently sloping soils of
favorable porosity to s serious maximum on steep, highly erodible soils
of low absorptive capacity. Obviously this movement or type of loss
wais not measured by the devices placed at the ends of the terrace chan-
nels,

The magnitude of the loss oceasioned by the transverse moverment,
of soil over the terrace ridges is difficult to determine and as yetb has not
been determined. Through the adoption of a maintenance system in
which the soil deposited in the channel is plowed upslope, the sail move-
ment by erosion across the terrace interval may be greatly reduced;
and, of course, good rotations, the use of seasonal cover crops, strip
i:rcpping, and other soil-stabilising meusures still further reduee the
0Sses.

No terracing experiments were set up for the specific purpose of measur-
ing the effectiveness of the performance of the terracing system as a
whole; however, the results of the various experiments on the physical
characteristics of terraces, together with observations and experience
on the construction, maintenance, and outlet protection problems, have
furnished sufficient basic information to design an efficient and satis-
factory terrace or terrace system. Results from gaging station 4, at
the outlet of an unterraced cultivated watershed located adjacent to
field C with similar soils, slope, and cropping treatments, were used in
evaluating the effectiveness of terracing in conserving soil and water.
Over the period of record this area lost an average of 48 tons of soil
annually and 20 percent of the total rainfall. The cffectiveness of
terracing in conserving soil is clearly demonstrated when these losses
are compared witl those from the terraces in field C having grades not
exceeding 3 inches per 100 feet.

The grade studies at this station together with ohservations show that
grades along the terrace channel should be held below 3 inchos per 100
feet if excessive soil loss s to be avoided. The question of choosing the
most desirable grade for a given tervace will depend upon several factors.
Of these, drainage and soil type ave perhaps the most important and the
grade selected should be such as to meet the particular reguirements of
the location. 1If terraces arc to be used in fields having a deep, porous
soil, less grade will be required than on steep, rocky fields or on areas
having an impervious subsoil. Level terraces should be used only in
those areas having a deep, porons soil and much care should be exercised
in their construction and maintenance. In case of doubt as to the ab-
sorptiveness of the seil, it would be well to give the terrace a slight
grade, but great caution should be exercised in recommending grades
exceeding 3 inches per 100 feet,

Vertical interval is an important factor in terracing in that it ZOVErng
largely the per-acre cost of terrace construction. It is therefore desirable
to space the terraces as far apart as possibie without frequent taxing of
the terrace fo capacity by runofl resulting from the larger drainage
area. The most satisfactory spacing would e one which permitted
the construction of as few terraces as possible to handle properly the
runoff water and hold interterrace erosion to & minimum.  The experi-
ment on the vertical interval of terraces showed that some gullying
occurred in the intervals of the 4- and 5-foot terraces but was not re.
flected n the total seil loss measured.  Observation of G-, 7-, and 8-
foot vertical interval showed that gullying beeame excessive when the
vertical interval exceeded 5 feet. The 3- and 4-foot vertical spacings
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gave the most satisfactory results and spacings exceeding 4 feet should
be used only in exceptional cases, In general, spacings recommended
by Ramser ({2) and Hamilton (9) have given satisfactory results.
Bentley’s “rule of the thumb” (6) also gives satisfactory results by
changing the constant used in the rule from 2 to 214 on slopes exceeding
5 percent. ?

There was no appreeiable difference in the soil and water losses from
terraces of different lengths, but the 1,700-loct and 2,300-foot terraces
overtopped during the maximum rain of May 8-10, 193C. The 2,300-
foot terrace overtopped several times during the period of recorid.  These
observations indicate that terraces over 1,500 feet in length recuire a
greater cross section than shorter tevraces and that a greater maximum
effective height will have to be maintained. Fowever, owing to the
numerous small Aekds in the region, it is believed that very few terraces
will excoed 1,500 fect in length. It is recommended thercfore that the
length of the terrace be governed by the loeation of a suitable outlet.

Sinee very little multiple-row farm machinery iz used within the
region, the most desirable and cfficient size of terrace would have a
base width of approximately 20 feet, an effective height of not less than
15 inehes, and length nol exeeeding 1,500 feet.  If traetor or multiple-
row farm machinery is to be useid. an inereaded base width, however,
will be required for satisfactory operation.  Base widihs of less than 20
foet are not recommended sinee it is difficult to maintain the necessary
height on the narrow terrace widths, especially on the more sandy soils.

Tnder the prevailing Farming practices followed on the station, terraces
required only occusional maintenanee other than that provided by regu-
lar farming operations.  The frequence of surh maintenance will depend
jargely upon the eare exercised during the course of farming operaticns,
The use of a two-way plow in which all of the soil was turned uphill,
leaving the dead furrow in the terrnee chunnel, assisted materially in
keeping maintenance costs down.  This Is similar to the method de-
veloped by Downing and Price (81

While the initial cost of terracing has generally been considered rather
high, experience has shown that the cost per year of the protection pro-
vided is very reasonahle. For example, the terraces on field A of the
atation were constructed at a total cost of $4.56 per acre, which is less
than the total cost of seeding an aere of veteh. In general, terracing
has proved to be a very satislactory method of erosion control for culti-
vated lands in this region. LExperience has shown that terraces may be
used successfully os o permanent method of erosion control throughout
the region if suitable outlets are provided and the terraces are properly
construeted and maintained. Many terrace [failures have oceurred
mainly because they were used as a reclamation measure rather than an
erosion-control measure. Terraces should not Le expected to reclaim
steep, gullied felds that have little or no soil to protect; and, in genvral,
such attempts will result in failure, unless nccompanied by fertilization
and other 50il improvement practices. '

Cully and terrace outlet conirol.—The mechanical structures or dams
used in the experiments in gully and terrace-outlet control were divided
into two distinet types. Temporary dams include those constructed
from hrush, poles, woven wire, or loose rock, used primarily in gullies
prior to the fnstallation of a more permanent crosion-control measure or

& For the Southern $tates the approximate vertical interval in feet can be determined
by dividing the slope by 4 and adding 2 to the quotient.
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to assist in establishing vegetative cover. Permanent structures,
usually of concrete or rock masonry, are used oaly in lecations where
permanent control is desired, as in terrace-outlet ditches,

Brush and woven wire dams performed satisfactorily where the height
of the dam did not exceed 2 fect. Where these materials were used {or
high dams, considerable difficulty was experienced in preventing the
water from eutting avound the sides, or being forced through the dam,
Damage from undereutting was also experienced when dams of this
type, greater than 2 fect in height, were used.

Loose vock dams were unsatislactory as runoff from intense rains
removed the smaller rocks and ent through the dam. The average
useful kife of the brush and woven wire dams was I to 2 years, depending
upon the quality of the materials used. Dams eonstructed of poles
were more durable than brush and woven wire dams, although the
expense of construction was somewhat higher than that of brush and
woven wire. Satisfactory results were obtained from all fhe pole dams
up to 4 feet in height. Dams exceeding 4 feet were made to hold sabis.
factorily but required more eare in construction and eonsiderable main-
tenance before the fill became well consolidated. Dole dams had an
average uselut tife of 4 to 5 years, depending, of course, upon the type of
timber used.

Concrete, vock masonry, or patented sheat metal structures in terrace-
ouflet ditches or drainageways gave excellent results where correctly
designed and construeted. Although the original cost of these struc-
tures was rather high, they required no maintenance after the fil be-
came sebtled. This was true of all dams of this type including those up
to G feet in height. Where native rock and sand are available without
cost, the vock masonry is probably the cheapest to build and the most
satisfactory,

Sod-bag dams were not considered satisfactory because of under-
cutting which resulted in collapse of the center scetion of the dam
before the sod hecame established. Considerable difficulty wag ex-
perienced in establishing vegetation in gullies owing to the lack of
fertility of the subsoil, Heavy applications of fertilizer wore required
in all instances to obtain a satisfactory growth. Since it was necessary
o mitiate the establishment of vegetation during the spring and summer
months, frequent intense rains eawsod much damage to newly sodded
ditches resulfing in high maintenanee ecosts. In general, vegetation
alone has not proved satisfactory as a permanent contral measmure for
active gullies and terrace-outiet ditehes and should be conzidered as
only a temporary measure,

Conlowr backfurrows on pasinre land. - The effeet of contour back-
furrows in conserving runoff from permanent pastwres was tvied on
several different areas of the station. Mewsurements of soil and water
losses from these arcas were not obtained amd their perlormance was of
necessity evaluated by observation,

The backfurrows were construeted on 1-foot contour intervids with o
long-wing terracing plow. On one small aren, fills were made across
the smaller gullies ax in terrace construction.

Expericnce indicated Lhat this method assisted in retaining runoff
during the period of establishment of pastures. Liowever, results from
the Bermuda grass control plots indicated that backfurrows on well-
established pastures are not required. Mowing was found difficult
and expensive over the buckfurrows, Since pericdic mowing to eontrol
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weeds and other undesirable growth is essential to pasture management,
this difficulty probably ofisets any benefit received from the baekfurrows.

Soil movement studies.—The changes in soil movement resulting from
6 years of operations on the terraces in field C are shown in figure 20,
Tt will be noted that the more pronocunced changes have oceurred in the
terrace ridges and channels and are the result of terrace maintenance
and the use of the two-way plow in which all soil is turned uphill. With
this method of plowing, the dead furrow is left in the terrace channel and
tends to maintain the channel eapacity of the ferrace. Additional
maintenance was accomplished by the use of {he blade grader vu the
upper side of the terrace only. It should alse be noted that the terrace
ridges and channels moved uphill to some degree during the course of
the cxperiment, Thix was purtly due to the method of plowing used
and the more intensive maintenance given these terraces during the fall
ol 1937.

There was Jittle change in the upper portion of the terrace interval;
however. there is some indieation that the practice of turning the s0il
uphill every year, by the use of the two-way plow, will counteract in
some degree the movement of soil downhill by erosion,

Watershed Studies

Rosults from studies of three small watersheds lor the period 1933—~1
demonstrated further the elfectiveness of plant cover in controlling
erosion. Gaging stalion No. -k of the untorraced, cultivated watershed
showed an average loss of 48,0 tons of soil annually, compared with
10.03 tons from the strip-eropped watershed, and .06 ton from the
wooded watershied.  Althongh the unterraced and strip-cropped water-
cheds are not preeisely campavable as to soil and slope, the losses from
these two arens are useful in evaluating the eifectiveness of different
conlrol measures,

Losses from gaging station No, b may be compared with those from
the terraces in ficld C to assist in determining the effeetivencss of ter-
acing and with tho=e from gaging station No. 3 to determine the effec-

Panne 27, Anwnd ranafl and soil loss from small walersheds of different characteristics

Runoff Roil luss per acre

Wautershed Wulershed
Total . . S
prer] - : ) - .
tation g Uagmg Uhgisg (oging Gaging Gaging  fiaging  {haging Gagiug
wtatiun 4, spaumn 4, stalioi 3, atalion 3. statloi 4, 'stadian 3, slatian 3, sation 1..ztation b,
Cwvode] umter- © gtrip- woeded  unter- ateipe woodedd © unter-  ateip-
reed | reoped rueel  croppald raced ¢ cropped

fuches 3 . 3 Lerrent e Pereent Tona |
FER] .23 O I 5. Lni 4.3
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3.0 -
R.L
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STy Y
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Average annual, 42,23 AL

1 ‘Cols] precipitation s measured Dy eecordung kaze, Beld O . . .
? I{ccorcrn fur 1030 amittnd berause several reeardd for these neeas were lost while installations wure Leing replaced.
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tiveness of forest cover. Losses from the three watersheds are given in
table 27. Flydreologic studics in connection with these watersheds have
been reported clsewhere,

Driscussion of Experimental Results

Erosion in the Sandy Lands Region s caused for the most paré by
surface runoff. Wind causes a small amount of erosion during the
spring months on open, bare, sandy fields, though the damage is of
snaall consequence n comparison with the amount of damage resulting
from rainfall, Studies of the relationship of rainfall o soil lesses on
the control plots show that soil type, length and degree of slope, state
of cultivation, and swriace cover are basic {actors directly influencing
the rate and amount of runofl and soil loss.  The leagth of slope did not
materially affeet the amount of surface ranoff, but an inerease in slope
lenglh increased the soil loss vesulbting from the runofl.  The same was
true of the degree of slope-—there was very little differenee in fotal
amound of surface runolf bul o very pronounced inercase in soil logs with
an increase in the degree of slope from arcas under enttivation. This
did not hold true for wellsodded Bermuda grass arveas, which indi-
cates rather definifs'y that the kind of erop {o be grown determines
largely the degree of slope which may be used \\1Lhout exeessive soil
losses.  Vegetative eover was shown to be effective in reducing runoff
and especially soll loss under the same soil type, slope, and rainfall,
The degree of control secured from vegetal cover was dependent upon
the type of vegetation used, the scason of the year, and the length of
time 1t oceupied the lund.

The average monthly rainfall distribution for the period of vecord
shows that there is suflicient rainfoll throughout the year to produce
erosion during any menth of the year on unproteeted land.  Sixty per-
cent of the total soil loss for the period of record was caused by 10 per-
cent of the storms caustng soil loss.  One or morve of these storms oc-
curred during cach month exeept August and September. The peried
of greatest frequency was during the moanths of May, June, and July.
Single storms where high intensities oceur may remove as much soil as
is lost during the entire yeur from all other storms. An average of 2.2
storms of disastrous nature oecurred during the 10-vear per iod but the
aumber for any individual year vavied from none to as many as six
This {ype of storm has been the eanse of the major soil erosion problem
of the area, and it is against these storms that methods of evosion conbrol
should be designed and rated for efficiency,  Various supplemeatal
crosion-control measures ineluding contour tillage, cover crops, frequens
eultivation, and alternate strips of crosion-resistant crops have ail
deereaxed crosion and have been effective during light storms but have
not furmshed adequate profeetion during the eritical storms,

The resulés secured from 10 vewrs' experimentation ad the stobion
have shown that crosion control ean be secured on erodible lands of the
region if they are placed under permanent cover of grass or {orvest, but
that sloping, intensively eultivited [ields require uot only the use of
improved rotations and prefeetive winter cover eraps hut the additional

& Wosrn, (1 C,, Jit. UTHROLOGIC STUBIES ~PUMBILATION 61 RAINFALL AND HUN-
OFF DATA FROM FHE WATERSHEDS OF THE ARK.-LA-BART TEXAS SANDY LANDS CON-
SERVATION BXPERIMENT SPATION, 'fYLEH, TExas, 1031-30G, U, N Dept, Agr. Seil
Conserv, Serv.~T'P-11, 21 pp. illus, 1941, lPi(}l‘e‘iSEd.]
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support of terraces. This condition will hold true as long as the prevail-
ing agriculture of the region remains primarily one of growing cotton,
corn, and truck crops that require intensive cultivation, whieh is con-
dueive to soil erosion,

The need for terracing and terrace maintenance in the area will make
the progress of erosion control slower than if purely vegetative control
measures could be used.
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APPENDIX

Tho data presented in eppendix tables 28 te 37 will probably be of little interest to
the cnsusl reader, butb since they present the detailed records of preeipitation, runoff,
crosion, and gimilar data for the 10-year period, they will be of much value and in-
terest to the technical worker.

TaBLE 28.—Rainfall, 193140, * and the average rainfall, 190540 *
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TasLe 29.—Monthly and annual temperature records, 1931-40*
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TuzLE 30.—Soil loss in. runojf Jrom control plots by individual rains, 1931-40

[8.75-percent slope, Kirvin fine sandy loam]
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Tasre 30.~8oil loss in runoff from control plots by individual rains, 1981-40—Continued

[8.75-percent slops; Kirvin fitie sandy loam)
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Tasue 30.~~Soil Toss in runoff from control plols by individual rains, 1931~40—Continued

*[8.75-percent slope, Kirvin fine sandy loam]
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TapLe 3l—Surface runoff from control plols by individual rains, 1931-40

[8.75 percent slape, Kirvin fine sandy loam]

Date of rains producing
runofl

Amount
{
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rainfall

Plot.1

Plot 2

Plot. 3
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Surface
runoff in
percent of
rainfall
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rainfall

Surface
runoff in
pereent. of

rainfall

Surface
tunofl in
percent. of
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percent of

rainfall

Surface
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percent: of
rainfall
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runoff in
percent. of
rainfall
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TapLg 31.~—Surface runoff from condrol plols by individual rai'rts, 1981-40~Continued

79

[8.75 percent slope, Kirvin fine sindy loam)

Plat 1 Plot 2 Plot 3 Plot 4 Plot 5 Plot 8 Plot 7 Plot §
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TasLe 31.—Swurface runoff from contrel plols by individual rains, 1931~40—Continued

[8.15 pcrccnt. »1ope Kirvin fi ine snm]y loam}

Plot 1 Plot 2 b Plot 4 Plot § Plot 7 Plot § { Plot 10 Flot 11 Plot12

Date of rains producing A"“;“r"{s

runofl Surface 1 Surfuce | Surfuce | Surface Surface Surface Surface Surface Surface Surfase Surface Surface
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nercent of § percent of | percent of { percent of | percent of ! percent of | percent of | "percent of | percent of | perccat of | pergent of percent of
rainfall rainfall | rainfall rainfall rainfall rainfall ramnfall ruinfall rainfail rainfall rainfall rainf:

Inches ¢ Percent | Percent Pereent Pereent Fercent Percent | Pereent Pereent Percent Pereent

Jan, 23.. . gs.2e ! s03sl  an 50.81 55.67 7. 3.94 5.1 . 55,57
Feb, 171800 2 A7 9 - a1 51 o § 5.74
Mar, 18,000 , 51 wonl 192 , 18:01 0 T S K 20140
Mar, 27,2000 ‘ 00 . 1.65 | 16.20 : 10.10 5 35 . .60 2945
Mar. 287,000 | S0 {0925 - 61.03 9.5 £5.63 .38 i2.00 7.0 7 ~ 75.50

g ‘ 0 B3 4.07 0 i0.74 8.15 5 4.07

i
g

in

. :c;&-cc-—cc =

14080

5.41
4.58
0

&
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- b

\m. l(]-ll-l".“-,..-.,u-.‘
Nov, la~lﬁ....,,....., .

Dee, 22:95.95. .0

. 1940
Feb. §5-6onnrinenian

Mar, 20_.....
Apr, 5-8..

Apr. 28,

Apr. 30.

May §-9.

May 17-18.
\Iuy "ﬁ-"”i"’S -
June

Oct
Nov. 9-10
Nov. 22 93723225

204
16,37

10.19

e

.

4
£2 s
SR b=

H

DO OCOOONN =D ==

28.50

" TOYLNOD NOISOUI NI SNOILVOILSTANI




Tasre 32.—Annual rainfall, runoff, soil losses, and yields From control plots, 1981-40

[Kirvin fine sandy loam, 8.75 percent slope]

Plot No. and yesr

Rainfall

Surface runofi

Depth

rainfall

Percent of -

Soil Joss per acre

Crop and treatment

Yield per acre

Plot 111
1931

AVEHIC. o e mmin e

Inches

Percent

—
ORI
SOooDWo;m

it
R Al

4.3
8.9
7.7
6.1
0.4
7.2
5.85
7.5
6.5
0.6!
5.34
7.53

Continuous cotton

do.

do

do

Con'tilnuous cotton, fertilized
ao.

650 1b. seed cotton
200 Ib, seed cotton,
640 1b. seed cotton
300 Ib, seed cotton
400 Ih. sced cotton
220 b, seed cotton
440 1b.'seed cotton
460 Ib. sced cotton
480 Ib. seed cotton
640 Ib. seed cotton
4,430 Ib. seed cotton
443 Ib. seed cotton

¢otton

do. —

do

do

425 Ib, seed cotton
200 Ib. seed. cotton
375 lb. seed cotton
200 1b. seed cotton
430 Ib. seed cotton
300 Ib. seed cotton
395 1b. seed cotton
405 1b. seed cotton
463 1b. sced cotton
625 1b. séed cotton
3,818 1b. seed ¢cotton
381 Ib. seed cotton

Continuous cotton

do

do

do

Cont‘iinuous cotton, fertilized 4
0,

do

do.

do

465 Ib. seed cotton
220 Ib. seed cotton
510 b, seed cotton
240 1b. seed cotton
420 1h. seed cotton
370 1b. seed cotton
390 1b. seed cotton
440 Ib. seed cotton
480 1b. seed-cotton

MANTINDIYOY J0 “IdEd °S 'O ‘916 NILAIING TVOINEDWLY




670 1b. seed cotton
4,205 b, seed cotton
420 1b. seed cotton

Total, cvmmeicmmnnmnns
AVerage. . cuveaariainen

Cont‘iinuous cotton, fertilized ¢-smunnsnan w——
{+]

715 1b. seed cotton
400 1b. seed cottow
800 1b, seed cotton
370 Ib. sced cotton
440 1b. seed cotton
280 Ib. seed cotton
420 1b. seed cotfon
410 Ib, seed cotfon
470 1b. seed cotton
610 1b, seed cotton
4,915 1b, sced cotton
491 Ibi seed cotton

Cotton; winter cover, cats

Corn; winter cover, oats and vefch

Annual lespedeza; winter cover, rye, barley,
and oats

Cotton; winter cover, rye, barley, and oats..

Corn; winiter cover; oats.

Cowpcas, winter cover, vetch$

Cotton; winter cover, vetch

Sorghum winter cover, vetcho.... e

Cowpeas- winter cover, veteh. _....i. b

Cotton; winter cover, veteh...ooovnnn —eli
Total for cotton only.
Average, 4 years..... Mamm oS an

520 1b. seed cotton
12.2 bu. corn
1.2 tons hay

150-1b. seed cotton
21,11 bushels corn
4.10 tons {disked down)
465 b, seed cotton

1.85 tons air dried

330 Ib. peas in hull

740 1. seed cotton:
1,875.0 b, seed cotton
468.8 Ib, seed cotton

Corn; winter cover, oats.

Annual lespedeza; winter cover, oats, and
vetch.

Cotton: winter cover, rye, barley, and oats.

Corn; winter cover; rye, barley, and oats...| 8

Annual lespedeza; winter cover, vetch

20 by. corn
1.1 ton hay

780 1b, seed cotton
bu. corn

Cotton; wintergover, veteh . oowoweouns
Sorghum winter cover, vetch
Cowpeas; winter cover, vetch
Cotton; winter cover, vetch
Sorghum; winter cover, vetch
Total for cotton only...coiioamnas R
Average, 3 years.. .. e ——————

150.0 1b. seed cotton
1.95 tons air-dried

400.0 1b. peas in hull
430.0 1b. seed cotton

1.4 tons air-dried, feed bundle

1,360 Ib, sced cotton
453.3 Ib. seed cotton

CTOUINOD NOISOHE. NI SNOILVDILSTANI




{Kirvin fine sandy loam, 8.75 percent slope]

TasLe 32.—dtnudl ratnfall, runcff, soil losses, and yields from control plots, 1 931—40—-—Continued

Tiot No. end year

Rainfall

Surface rinoff

Depth

Soil Toss per acre
Percent of
rainfall

Crop and treatment

Yield per acre

Inches

AN bt DI LS D DTl

.

[

[~}

3
8.
8
5.
0
7
5
6
5
7.
3.
6.

DI A a3 e O

Percont

Annual lespedeza; winter cover, oats
Cotton; winter cover, oats, and vetch.__
Corn; winter cover, rye, barley, oats
Anm:al lespedeza; winter cover, rye, barley,
04als,
Cotton; winter cover, veteh
Sorghum; winter cover, vetch.S..
Cowpeas; winter cover, vefch._.
Cotton; winter cover, vetch._.
Sorghutn; winter cover, vetch.
Cowpeas; winter cover, vetch.
Total for cotton only.. .. .
Average, 3 years_._..

1.2 tons hay
400 1b, seed cotton
9.7 bu. corn

' .7 ton-hay

460 1b. sced cotton
1.83 tons sorghum

133 1b. peas in hull
350 th. seed cotton
1.43 tons hay

640 1b. peas 1n hull
1,210,0 Ib. seed cotton
403.3 Ib, seed cotton

Conti'nuous Bermuda grass, clipped
ao.

do.

do

do.

do

do

do

do.

do

No yield taken
Do

Hard, bare fallow,
do.

do.

do.

Soft, bare fallow :
do.

do.

do

do

do

FUALTADIEDY J0 LA °S ‘N ‘916 NILITINE TVOINHOEL




Plot 10: %
1931 i deas tveeann .

140 s ccuncnntrmnneaen

Total. .oovdinmninnann-
Averiige

Desurfuced, ¢ cotton fertilized; ont cover

erop.

Desurfnced, cotton fertilized; oat and
vetch crop. »

Desurfaced, cotton fertilized; oat, rye,
barley.

Desurfaced, cotton - fertilized; oat, rye,
barley. .

Desurfaced, cotton fertilized; vétch ¥ cover

crop:
Desurfaced, cotton’ fertilized; vetch cover

crop. .
Desurfuced, cotton fertilized; vetch cover

crop. '

Desurfaced, cotton fertilized; vetch éover
crop.

Desurfaced, cotton fertilized; vetch cover

crop.. N
Desurfaced, cotton fertilized; veteh cover

182 Ih, seed cotton
170 1b. sced cotton
440 1b. sced cotton
90 1b. seed cotton

220'1b. seed cotton
120 Ib. seed cotton
140 1b. seed cotton
140 1b. seed cotton
93 1h. seei cotton

20 Uy, seed cotton

1,017.0 ib. seed cotton

161.7 1b. sced cotton

Dcsudrl'ucud, 6 cotton fertilized 4n_nneennn.s

167 {b, seed cotton
200 1b. seed cotton
400 1b. sced cotton
50 1b. seed cotton
150 11, seed cotton
80.1b, seed cotton
§0 1b, secd cotton
260 b, seed cotton
110 Ib. seed cotton
80 1b. seed cotton
1,577 Ib. sced cotton
157 b, seed cotton

Plot 12;3
1931

40.66

58.49

19 th. seed cotton
50 Ih. secd cotton
90 1b. seed cotion
40 Ih. seed cotton
160 b, sved cotton
100 1b. seed cotton

-| 115 lb. seed cotton

130 b, seed cotton
135 Ib. seed: cotton
130 1b. seed cotton
969.0 Ib. seed: cotton
96.9 Ih. seed cotton

TOULNOD NOISOUH NI SNOLLVHILSTANI

4 A uniform fertilizer treatment of 400 b, per sicre-of 4-§-4 at time of planting.

3 Superphiosphate 100 1h. per acre applied at time of seeding vetch cover crop.

& Topsoil removed to subsoil on all desurfaced plots. ~J
‘ o

! Short plot 36.3 x 6 feet, 1/200 acre.

3 Long plot 145.2 x 6 feet, 1/30 acre.

3 Standar ] ivngth plot including plots, 6, 7, 8, 0, 10, 11, and 12 which are 72.6 x
feet, 1/100 aere,
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Tanug 83.—A nnued rainfoll, surface runoff, seil loss, and yields from conirol plols, 1933-40

[Kirvin e swuly loam, 154-pereent slope]

Surlaee pynafl
Plot No. . e i e oo | Bl Iy 3 Yicld of
uwnl year Rainlall e tere Crap wnd treatment seedl catton
Depth | Poreent of per nere
ruinfall

Fuchies frrchcy Fercent Faundy

45.01 347 i.m
47.22
40,56
3,28

.13
3.00
.00
LR
4.05
Al

1 Sliort Mat, 30,5 x l] feud, 1,200 aere,
1 Standard Il‘l1gth plot, T30 x (i foet, 3, 100 acre,

3 A uniform trealment of 400 s, por aere of 4-5-4 fertilizer at tiwe of pliniiog,
t No yivld laken,
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TABLE 3¢.—Annual rainfall, swrface vunaff, soil loss, and yiclds from conirel plols,

B32-42

[Nneopdaches fine 2ndy foan, 18- j:urml!. siogn-]

Flot No.
amd year

Hadalal

Inches
40 B-I

Surfnee fuoafl

eplh

Fachex

F.0l
roAs
. ﬂﬁ

Plat 4;2
1932, ...l

(LT ———
[0

Average. ...

43,64
15. 8!!

1 Shocl plot, 30,3 x ™ Feed, I)"’{JO m'r('
trontinent of 00 M, per sere of 4% 4 fertilizer npplied st Lone of phanting.
3 Stainbaed long'h plod, 72,4 x 6 feed, 17100 aere.

1A uniforn fortiliy -

t No ik tekea.

& Desurfaced Lo aubsail.

Percent of
ruinfuil

Pereent

13.65

’ n sn

2LH -
18,45
25.08
b Y

!i!‘.‘aﬂ !
L3 47

Bnil fouy
| acre |

Erops ned trenlment

| t

1

Tonr | i

Continaaus colton . .

By pmmimoue

32
3:? !
e o, . .

i' ontingnis mttcﬂ. Tortilized € 72200000

R | S

422 -' f‘uulunwus rolton,

280 e 4
1t. iiS i Continuons cottz:-u, Tortilined .....-..E

I
o1

Hormula prass, elipped ©
Coode oL [P
do .
Cdin
do oo L
L1 | P
ko

20,50 | ! l) mfuemd, T contioeons eotlon
41 "-;: da L P
.G
34070 ¢ Bemrhieed, contiaons wl.l.(ln, Terti-
i izl 2
Fo U S| | S
11,37 - .
Vet
740
26,13
1000
.45

Yicld of
soedd volion
Der dcre

Pawtids
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TanLe 35 —Annual rainfall, surfuce runoff, soil loss from 1/100-acre wooded cenirol
plots, 1932-40

[Kirvin fine sandy loatn, 12.5-peccent slope]

Flot No., cover, nnd year

Hainfall

urlnce raioff

Dapth

Fercent of rainfall

Soil loss per aere

Piol 1: Native hard-
wood, ares burned
annually in March:

932

Plot 2 Arca not barged:
1

1833

fuchex

Prreenl

Founds




INVESTIGATIONS IN EROSION CONTROL

TapLE 36.—Seasonal runoff and soil losses from control plots

16 5-percent slope, Rirvin fine aundy loam!

Rajnfali Plot 1

Yeat and period  f producing  _ . P

runeff N
Surface
runch

Inchez
252
!Q

03
2,32

183
Tat quarter . oo anvus
24 quarter,.co.ano ..
3d guarier__.

s
B

B
N
o265

it
1.8
[.n2

sSpaas

3 88

de il G2
Ry ed

18
1.49
3.05

it

bt

[E]

[
amipe =S CAIDDWT

-
&

5.0t

A

|
1.62 -

285

A4l

i.

Ist quarter. .. ...,
23 guacter, ... ...
3d quarter,. ...
4th rpgarter
Totadymaen ..
1540; .
Tab quarter....... .
2d quarker_.,.. ...,
3d quarter.. ... ..
4th guarter, ... ...
Total ... .. ..

Poundy

0,275 -

Zoit fows

Per acre

o
§5,240
25,20

&0
39,372
8,742

i,
51824
BT
22,57%
1,442

3,534
5,190

i, 05

125,624

2. 144
5.502
FRIn]
5.4
19,040

+ 30
15,548

115,902

Plot 2

Surfaee
ruzstof]
Fches

250

Z

=
[l
-t

&

iniiing
ok Epb 2D P aad

St e et

Soif Foan
pel acre
Founds

L5l
65,405

5,616 -
32,610 -

16,459

13,508
54,0962

173,266

2,520

21,534
20,243
32,155

w113
L3R, 478

Plor 3

Sutfage . Soil s
runcft e acre

-

Inches . Pouwmle
w15

BEowaw

i
2
g
]
]
1]
1]
1]
]
0
1]
U
[t}
¢
9
1]
@
¥
]
2}
u
/]
]
0
i
o
1]
[}
u
Q

LOagoT Goacs
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Tanug 37.—Seavonal runoff and soil losses from control plots by quarterly raing 1932-
1940

f10-peceent slnpe, Nucogdackes Eor sandy loam]
N + Hainfull Mot 1 : Fiot 2 ) Plac 3 Plof 4
Vear and perind Cpredating 0 R T U VR,
1101 : . : . ] P
- Furface | Polloss * Surfrer Foifloss  Sucface  Sailloss } Surfuce | Suil o
©orunaff - persere ! runoff  pernere runoff  poraere [ runofl | peracre

Inches  Fathes -Pourads; daches  Fowmts  fuckes Pmm!:; fnches | Pounds

1932: .
13t quarter. . . L 3. F33 0 1,088 349 7)) 4.70
2d quartee . ... ... . B . 42 g - B
Jel rpuarter. Caens . A6 hii 3 A o -
th gmarler. . BT 347 : K B, 750
Totad, ... e TR 1L T 35 - . .18
1833: ! : . .
st quarter. ... 4 R 3,54 .
2 griucker. B o e 5,0
3d quarter, . _ q . 5T B N394 )
$th gurtter, P, i ki 507
Tatal. .. S ] B9 CRAA 2000
1934 _ : ; !
18t quprier. - e ! i 443 §
24 gunclor. . . ki i
3 quurter..
Ath grarker
Total.. . ..
1%)5:
sl queter ... . ...
2d quarter. .
Al quarter
$ih quarter.
Fotal,, . -
1035
st qeaeter. ... ...
2 ganrter_ .. .
3d nuarier
4th quarter .
Totud ... P
1937:
Yot omaeler oo . .. .
2 ruarter ..
3 aprter, - :
4th guacler, . . ©OBRRL LA 44 !
Tetd.. ...... ! 2 6,0 . A g
1835: ! . i . ;
Tab quaeter L. ...
i quarier. ..
3 rjarter .
4th guarter .. _. U
- Tokab... . 87 713,57
1909: : , :
st quairber ... . AL ! U
2 quaerer... ) 5 LS 3 ARG
34 nuarter... a2, . 1,058
4th fuarler, . . : - T4
atnd el ALY Rt )
1040; :

Ist quartera oo ceeanl L ! S S32

2d QUART amm e s . 5 ;

3d ruurter._ ..

4th quarter.. .. . |
Total, . veiicnnaa : A 13,00% .

.77 1,525
2 L]
a2

C.19

7.30

102

LAz
3.48
3034
5.67
4.3
212

L2
2451 17,580
9.66 | 47,090

.31
3.48

ST DSth

SRS

)
17.54
13,17
08

zaghk

LR Rl
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