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I N THE PHODlTCTTON of farm erops and livestock, 
Amerienn fanners are confro1ll cd with the problem 

of conser ving soil and rainfall on sloping lands. The 
importance of this probl em lws been overlooked in the 
past, and th e contimJ<tl loss or fertile topsoil by erosion 
has already re ndered usel ess large areas of good farm 
ln nd for profi tnblc crop pi 11g. Add i tiona I a rcns are b eing 
abandon ed cnch yenr. Farmers must adopt soil-con­
serving pra c tices on c rodibl l' slopes before a p erma­
nently successful type of agriculture can be established . 

Early American fnrmns intmduced th e use of hill­
side ditch es to combat soil erosion . The ditches them­
selves proved inndcquate, but the pi·inciple of con­
trolling e rosion by systematicnlly intercepting surface 
run-oft" on sloping lands lws led to tiH' use of farm ter­
ra cing-. The developm Pnt of terr:1cing as r e.commended 
today has r equired years of usc, extensive field observa­
tions and t>xperimt' ntntion, and mnny modifications 
from tim e to time in construc tion procedure. 'Vhen 
te rra ces are properly LISt'd :mel constructed and ade­
quately supported by approved cropping and tillage 
practices th ey provide o ne of th e most ef-l"ective erosion­
control measures npplicnblc to cultivated lands. Vlhen 
improperly constructed or 110t coordiJwte ct with proper 
land-use practices th ey ol'te 11 ;Jcccleratc rather than 
r etard soil losses. 

This bulletin is a compil:ition of the b r st information 
now available on tcrrncc constructioi1 nnd its coordina­
tion with other recomme1Hled soil conservation prac­
tic.es. It is hop r d thn t this ma It' ria I will lend to a more 
effici ent us r of te rracing and a bPtter und er standing of 
its place in n complete soil conscrvntion program. 

Thi s bulletin sup crsed t>s F:1rmers" Bulletin 1669, Farm 
T erra cing. 

\Vashington. 0. C. Issued April 1938 
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TERRACING FOR SOIL AND WATER 
CONSERVATION 

By C. L. HAMIT"TON, agricu ltural engineer , Section of Engineering, Division of · 
Oonsm·vctUon OpeTal'ions, SoU Oonsm·vation Se·rvice 1 
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INTRODUCTION 

HISTORY OF TERRACING 

SINCE COLONIAL DAYS American farmers have built various 
types o£ terraces and hillside ditches to conserve the soil on culti­

vated fields. For centuries agriculturists o£ other countries have 
used terraces effectively to combat soil erosion and facilitate tillage 
practices on sloping lands. Certain types o£ terraces are almost as 
old as agriculture itself. More than 4,000 years ago the Incas ter­
raced their steep hillsides, and over 2,000 years ago the present prac­
tice o£ terracing rice fields in the Philippine I slands was begun by the 
natives. That terraces are widely distributed is indicated by the 
terraced vineyards o£ Europe, the terraced fields o£ the Orient, an d 
the more r ecent terracing o£ wheatfields in Australia. 

In the United States hillside ditches and furrows were the £ore­
runners o£ the present-day terraces. During the latter part o£ the 
eighteenth century and the beginning o£ the nineteenth century farm­
ers in the South began to use ditches and furrows across the slopes 
o£ their fields to intercept run-off and retard erosion . 2 This practice 
was probably introduced by some o£ the early immigrants £rom 
Europe. The term "terrace" in connection with erosion-control meas­
ures appears to have been used in this country as early as 1847. 

There is evidence that early American farmers introduced in some 
form practically all the present-day erosion-contr ol measures. Many 

1 This bulletin is a product of the experience and study of all members of the E ngineering Section. It 
has been prepared under t he general super vision ofT. B . Chambers, head of the section, who has contributed 
valuable suggestions . Other m embers, particularly Hans G. Jepson and G . E . R yerson, assisted in the 
preparation of the manuscript . F ield engineers also su bmitted valuable inform at ion , and the earlier studies 
of terracing made by 0. E . Ramser and M . L . N ichols have been used . 

' U nit ed States Department of Agricul ture Miscellaneou s P ublicat ion 256, Early Erosion-Cont rol 
Practices in Virginia. 
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of the g~nrral principles of the procedures used were correct, but 
the e:ffect1Yeness of the nwasnres themselves was nsnally counteracted 
by inaccurate installa tion, limit(>d use, lll.1d la.ek of coordination. 
Even such constrnebon refinemm1t-.s as vnde nrlges and channels, 
variable oTades. and spacing aceording to rate of rainfall, soil char­
acteristie~, and degr(>e of snrface slop(>S were recognized and advo­
cated by some of the early bnilders of terra ces, bnt in general farm~rs 
were slow to a.dopt these impro,·ements. Alt-hongh t-he old-type lull­
side rlitches or t-erraces wry :freqnently failed they '"ere sufficiently 
successful to induce farmers to eontinne their use year after year. 

Many of the early pionN'rs con t·ributed valuable improvements in 
the construction of tmTncPs. _ P. H. Ma.ngnnL of ·wake Forest, N. C., 
has long been given credit for a major improvPment in terrace con­
struction as early ns 1885. Mr. Mangnm introduced the wide-base 
terr·nce so thnt. tillage operations conlrl be concluded over the entire 
terrace. A modificabon of thi s terrace is extensively used today anrl 
in mnny areas is still culJed the Mang·um terrace. Before the intro­
ductim) of the wide-base t·errnce the narrow-ridge terrace had been 
used. These narrow-ridg·e t(>l'l'll CPS conld not lw cnltivated and were 
allowed to grow to grassPs nnd briars. This, togetlwr with inadequate 
control practices l>et:'>l'een ridgPs, grnd11ally leo t·o the development of 
bench terraees 011 mnny arpas wlwre they were not desirable. 

n '"as not. nntil ten:ncing l'PCPiw.d ntfent-i on from the State agri­
cultnraJ colleges and the United StntPs Depa.rtment. of Agriculture 
that. systematic stndies nnd pxtrnsive progress in terrn ce construction 
were made. PrPliminary stndirs were undPrt-nken by the Office of 
Experiment St.ntions of thP Depart-ment· of Agriculture in 1903 and 
1904. Definite im·estigat-ions of thP nse of (·prraces to combat soil 
erosion were begnn in 1915. wlwn C. E. Ramse r, who was then drain­
age engineer of t·lw OfficP of Experiment. Stat-ions, was sent into the 
Southeast to st.ndy the mPthods of terracing nsed, the degree of 
success attainerl with t.hem, and t·he factors affecting their success 
or faiJure. The report of his findings. publi slwd in 1917, was ex­
tensively used in lnte.r dewlopnwnts. l\{_ L. Nichol s, formerly with 
the Alabama Polytechni c Inst-itute, Anhm·n , Ala .. initiated some of 
the earlier St.ate experinwntn] work on terra cing soon after the pub­
lication of Ramser's first rPport.. Ni chols' work led t.o recommenda­
tions for some modifications in eonstnwtion procednre, particularly 
in the formation of the tPna cP cha11nel. These rPcommendations are. 
~i ven in Farmers' Bulletin 1790, The Ni chols 'I'Pl'l'nce: An Improved 
v han11el-Type Terrace for the Sontheast. Tlw State experiment sta­
tions in Texas and Oklahoma also contributed eonsiderable experi­
mental data on t.hp use of tPnnces in t.hei1: respect.iYe St.ates. 

In 1929 Congress appropriated an init-,jaJ sum for the establishment 
of Federal experimental erosion farm s in cooperation '"ith the States. 
Ten such fnrm s "·erp establ islwd lw.h1·een t·he VPnrs 1929 and 19!34 
nuder the Burpau of Chemistry and Soi ls and 't·he Bureau of Agri­
cultural EnginePring. In 193:!. w_ith t·he unifil'ntion under the Soil 
Consenahon SmTice of nll Department o-f Agri eult.ure activities per­
taining to soil Prosion. thesP farms were placetl nnder the supervision 
of that Service. They are loeated in regions representing wide differ­
ences in soi l, climnte, and fanning practi ces. An important phase of 
the work on these farms is the experimental st udy of the capacity 
of terraces, t.heir effectiveness, desig-n, spa.eing-. eonstrnction, and main-
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REGION I 

REGION 2 

REGION 3 

REG ION 4 

REG ION 5 

REG ION 6 

REGION 7 

REGION 8 

REGION9 

REGIONIO 

REGION II 

CoMecllcut.... I ~9;~~~::;~:~ Delowore __ ~_:----1 ~o Reported 
Moine _____ ... J I 1 
Ma•yland----
Mossochusetls NoTe Reported 
New Holtlpshire ___ No Terracing Reported 

New Jersey_..,. I I 1· I I New York--- ~ Trooe 
Pennsylvania ____ _ 

Rhode lslond_l r~ Nio i Reported 
Vermont_ __ Repor1ed 
West Virginia Reported 
~EG lON I TOTAL I I I . I I 

Alobomo __ _ 

GeorgiO----
Fladda ____ -__ :_-_-_: __ 1 I I 
Miss•ssi ppi_.-- ~~ft=~~==~wJ~~~~4~~~~~~~~ ~~~~~~ ~~~~~~~~:::.: I • ~"7 ° 0 •1 ACRES-~ 
R~~~~~~o -2--rOTAL 1 1 1 

lndiana ____ ___ _ ._ l I I I 
Kentucky___ ~ _I 

~:!~~~~;_:: ~~~ac l1ng Rep?i''•~ I 
REGION 3 T-OT- AL 111.k '-

Arkansas ___ --- - ,,, 

Louisiana__ _ ~~~--~-R~·~~~N- 4- -TOTAL ~ 

Illinois _________ ~ 
Iowa _ _ _______ _ 
Minnesot a _______ Kb 
Missouri__ ___ _ ~~ 

Wisconsin __ -c)TAL~~-~~~ REGION 5 TOT, 

~~:s';r;xic~=----
Colorado ______ ... , 

Oklahoma __ - -- - ~~~~~~~~~~~ R~e~~~N--6--~~~~ ~ 

~~~~~:,-.,~~~----:~;~~ ~ I I ~~-R~~~,a;~moi--r_-o_-r-_i._~ ~ . 
1

2&---
Arizono ___ _ 

Colorado ___ --------- ~o . Reported 
New Mex ico__ ~ j 
Uloh__ _ _ __ ~ 

REGION 8 TOTAl:.~ 

~~~:~";ok~~~- ---1 l ~rr~~: 
Sou lh Ookala ___ _ 
Wyoming_---- __ 

LEGEND 
Fiscal Year 1935 REG ION 9 lOTAL Ill 

~:~~~~n~a_-?: ~No· T"'""';n·•• i 'P~~ ''' Fiscal Year 1936 
REGION 10 TOTAL l!m' 1" Fisca 1 Year 1937 

~:~~~.~~~:_: ____ ~ T.;,. I I I I I I I I I I I I 
REGION 

11 
TOTAL· ILJ.O_j_ l!0-3~0 .J4 o,...,lSO:--:iS~O""l~O-:Si:-O-::S~O""IO!::O:-:II!::0-,12:!:0:-:-130:!-:-:14-!:0:-:1:'::50:-:I:f.60:-:1~70'"'1,;!-80;cl:;!90;;2~00;;;;!2;::;10:;!220 

ARE A TERRACED (Thousand Acres) 

3 

FIGURE L~Acreage ten·aced by the Soi l Conservation Service projects and camps during 
tbe fiscal years 1935-37 .. 

tenance, and their relation to soils and cropping practices and to the 
operation o£ machinery. 

One or more soil-erosion demonstration projects have also been 
established in practically every State to demonstrate proper land 
management and a complete erosion program to reduce soil loss. The 
extensive use o£ terracing on many o£ these projects affords oppor­
tuni ty £or study o£ the proper application, use, and construction o£ 
terraces. Terracing has been materially augmented by the assign­
ment o£ numerous Civilian Conservation Corps camps to the Soil 
Conservation Service. The acreage terraced annually by the Service. 
p rojects and camps during the fiscal years 1935-37 is shown in figure 1. 
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This brief review of the development of terracing in the United 
States would not be complete without mention of the important con­
tribution made by the Extension Service of the Department of Agri­
culture. Since 1914 3 State extension agricultural engineers and 
county agents have devoted much time to educational work on the 
use of terracing. Practically all of the terracing reported by the 
Extension Service (fig. 2) was done before the establishment of the 
Soil Conservation Service demonstration projects and the national 
movement to correlate all erosion-control measures. Much of this 
earlier terracing may no longer be effective because of inadequate 
maintenance. 

SOIL EROSION 

Unless controlled, the undermining action of erosion will ulti­
mately, and at no distant elate, render large areas of cultivated land 
in the United States valueless for agricultural use. Millions of acres 
of once fertile farm land have already been eroded beyond immediate 
repair. It has been estimated that the rate of plant-food removal 
by erosion is about 21 times greater than the rate of removal by 
agricultural crops. This loss by erosion does not include losses in­
curred through silt damage to bottom lands, wa.ter reservoirs, and 
irrigation channels. 

In general , soi l erosion may be defined as the loosening and removal 
of soil from its resting place by the action of wind or water. The 
two main classes of erosion from the action of water are sheet ero­
sion and gully erosion. Sheet erosion is the removal of surface soil 
in fairly uniform layers or sheets ; gully erosion the removal of soil 
at points of excessive water concentration, where relatively deep 
ditches are cut into the surface slopes. As a rule, gullies appear 
after sheet erosion has occurred for some time, but they may appear 
without being preceded by sheet erosion, and sheet erosion may oc­
casionally continue indefinitely without the formation of gullies. 
It may not be as spectacular as gully erosion, but its effects are gen­
erally much more harmful. Figure 3 shows a field on which sheet 
erosion has taken its toll. The intermediate stage between severe 
sheet erosion and gully erosion is shown in figure 4, and a gullied 
field in figure 5. Such gullying is a considerable obstacle to regular 
farming operations and may necessitate abandonment of the field. 

Terracing is a valuable preventive of both types of water ero­
sion and, as a conserver of moisture, it indirectly aids in the control 
of wind erosion. Terraces form intercepting channels that break 
long slopes into short segments and thereby provide low-velocity 
surface drainage, which materially reduces the amount of topsoil that 
can be carried down the slope or from the field by surface run-off. 
When placed on the contour, terraces retain much more of the run-off 
on the field , and so conserve water. 

TERRACING IN AN EROSION-CONTROL PROGRAM 

TERRACING AND AGRONOMIC CONTROL MEASURES 

The basic factor that must be recognized in the application of 
erosion-control measures is the proper ut ilization of the land. Thi s 

a It has been estimated· by S. P. Lyle, exten sion agricultural engineer, U. S. Department 
of Agriculture, that before 1915 bench terraces and hill side dit ches were used on about 
2 million a cr es and the ridge-type terrace on an equal acrea~:e. 
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F tc: 1m E 3.-Sen~re sheet el.'os iou on IHOdt>rnt·e ly s loping C'lll t ivn.ted ln_nd. 

ll' IGURB -!.- Sheet ero:::; iou t h<tt h ns tle \·elopNl in to th e fin ge l'.ing or s hoestring s tage of g ully 
erosion. 
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requires a recognition of the soils and slopes upon which crop pro­
duction can be carried on without increasing soil losses beyond per­
missible limits. The erosion-control program would be greatly 
simplified if all farming operations could be restricted to relatively 
nonerodible slopes and the more erodible land returned to its natural 
vegetative cover. Under present economic conditions, however, it is 
necessary to produce crops on land slopes that will require certain 
control measures if cropping is to be continued successfully. 

Terracing, supported by necessary cropping practices, is primarily 
applicable on sloping lands that must be used ior crops and on which 
Jess expensive conservation measures will not provide adequate ero­
sion control. Too often· terracing is represented as an alternative to 
a permanent vegetative cover of grasses or trees. This misconception 
of use has caused mttch confusion and misunderstanding in the gen-

}i'JGURJ.J 5.-0nce gu1ly erosion has a~h·anced to thi s s tage i t practi ca ll y prohibits cultiva­
tion of a field and greatly reduces its value for any agricul tu ral use. 

erally accepted application of these control measures. Terracing 
should not be considered for land that can be placed or retained 
under permanent vegetative cover: except possibly where terraces may 
be required for moisture conservation or diversion of water for gully 
control or as an aid in establishing a satisfactory cover of permanent 
vegetation . Neither can terracing be economically justified on lands 
that can be adequately protected by proper t illage and agronomic 
measures such as contour tillage, crop rotations, and strip cropping. 
These measures alone may provide sufficient protection where rela­
t ively low rainfall intensities and high soil infiltration rates are en­
countered, where erosion-resistant so1ls or relatively flat slopes pre­
vail, and where profitable rotations can be introduced that will 
provide an erosion-resistant cover during a large part of the rotation 
cycle, particularly during the rainy seasons. But where erodible. 
soils, long slopes, and high rainfall intensities are encountered and 
where a large percentage of erosion-permitting crops must be used 

11841J0-3D--2 
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in the rotation to provide a profitable farm income, the applicable 
agronomic control measures may give only partial control and must 
then be reinforced with terracing before adequate protection from 
erosion can be assured. 

Terraces honld always be supplemented ,,·ith the !;>est possible 
cropping practices because terraces in themsehes do not improve soil 
fertility but serve primarily as a basis for soil improvement and other 
conservation practices. The use of proper rotations and contour strip 
cropping and cultiYation in conjunction with terracing provides one 
of the most effective erosion -control combinations now known for 
cultiYated fields. There should be no competitive issues raised in 
applying agronomic and mechanical control measures. Each has its 
purpose in a properly coordinated erosion-control program. It is 
just as serious a mistake to establi sh only agronomic control measures 

]'JGURE 6.-When terraces ai·e properly constructed and s upplemented with s uitnb le tillage 
practices good fa m1 crops can he prod uced without excessiYe soil loss. 

''here they will not proYide adequate control as it is to use terraces 
without suppor t of the necessary soil-improvement and cropping prac­
tices. The knowledge of both agronomist and engineer is required in 
determining the limitations of agronomic control measures and the 
conditions in each area under which it is necessary to supplement 
them with terracing. 

When properly applied, constructed, and maintained, terraces are 
valuable conservers of soil on practically all soil types. They reduce 
the annual run-off losses on certain soil types and materially reduce 
the rate of run-off from small cul tivated fields. Combined with 
other beneficial and allied practices such as rotations within the 
field, strip cropping, and contour cultivation, terraces save fertile 
topsoil and retain costly seed and applications of lime and fertilizer. 
The fact that terraces help to conserve soil justifies the expectation 
that terraced fields will produce better crop yields over a period of 
years than unterraced fields, which may deteriorate rapidly in crop-
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producing value because of erosion losses. Since thousands of farm­
ers continue to terrace additional fields year after year the advan­
tages of terracing must far outweigh the recognized disadvantages. 
T erraces are somewhat costly to build and require some maintenance. 
Their use may require abrupt changes in traditional farmin~ prac­
tices and entail slightly higher tilhcge costs. Terracing on thm soils 
may expose subsoil in the terrace channels. Damage may also result 
from the diversion and concentration of run-off at uncontrolled points 
unless precaution is exercised. These disadvantages, however, are 
not especially difficult to overcome if the landowner is really · con­
cer·ned about conservation. Terracing is an erosion-control measure 
that has been extensively tested and has been found to be acceptable 
under actual farm conditions wherever it has been necessary and its 
application in accord with proper land use (fig. 6). 

TERRACING EXPERIMENTS AT THE SOIL AND WATER CONSERVATION 
EXPERIMENT STATIONS 

Comparison of the amount of soil moved by erosion from similar 
t erraced and unterraced areas on the soil and water conservation 
experiment stations of the Soil Conservation Service serves a valuable 
purpose in indicating the effectiveness of control by terracing under 
various soil and climatic conditions. It should be recognized, how­
ever,· that under the experimental technique that- has been used at the 
stations in the past the two measurements are not precisely com­
parable. It is difficult to select even adjacent areas that are exactly 
the same in all respects, and, further, certain field variables that 
cannot be definitely evaluated have developed since the original ex­
periments were established. Before fin al conclusions can_ be devel­
oped it will be necessary to make some a_djustments in the experi­
mental procedure, to secure data that cover a longer period of tiine 
and also a larger variety of soil and climatic conditions, crops, and 
cropping practices. 

The run-off measurements given in figure 7 indicate surface run­
off, and the soil-loss measurements from the terraced areas measure 
only the soil in run-off at the end of the terrace channel and do not 
account for soil lost as silt deposited in the terrace channels and 
gradually worked over the ridge during maintenance operations. It 
is thought, however, that the soil loss from this movement can be 
held to a negligible quantity on terraced slopes if proper tillage, 
cropping, and maintenance practices are followed, particularly if the 
furrows are thrown up the slope by the use of a two-way plow for 
the regular plowing operations. Some of the unterraced experi­
mental watersheds had completely or partly protected waterways, 
where a part of the eroded soil from the field may have been retained 
and consequently failed to reach the measuring equipment. On 
others the gullying produced by unprotected or inadequately pro­
tected waterways probably contributed to the higher soil-loss meas­
urements secured from these areas. 

An analysis of the experimental information now available indi­
cates that soil loss on the small, terraced areas has invaria.bly been 
less than on the unterraced areas, except on the more pervious soil 
types. The greatest difference usually resulted when rains of high 
intensities occurred during critical crop p~riods . The experiments 
indicate that terraces have been n10re valuable as conservers of soil 



10 F .·\.HMJJ;l{::i' BULLET!l\ 1789 

than of rainfall. The rate of r un-off from the terraced areas has 
usually been less than that from the unterraced areas, but the total 
annual run-off from the terraced areas has not been consistently less 
than that from the unterraced. It is believed that a more appreci: 
able and consistent reduction in both the amount and rate of run-off 
,,i]] be secured where level terraces can be used-and practically all 
of the rainfall can be retained " ·here level terraces with closed ends 
are applicable. 
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FIGURE 7.-Run-off and soil loss in r un-off from field plots ou six of t he soil and water 
couservation experimen t stations . The terraces were supported by crop rotations and 
contour t illage, which were also used on the unterraced areas . Except at the Bethany 
a nd Cla rinda stations the wa terways in the uriter raced areas where inadequately pro­
tected. The higher soi l losses reported for the terraced areas at Guthrie during 1931-32 
l'esulted from inadequate outle t protection. 

The disturbance of the soil during terrace construction · may 
temporarily reduce crop yields where the topsoil is comparatively 
shallow, but usually ,this loss will be compensated for within a 
few years after construction. With proper cropping and soil­
improvement ·practices the yields on the terraced areas can invariably 
be increased until they are back to or above normal, whereas the 
yields on the unprotected area will usually continue to decline as 
additional fertility and topsoil is washed away year afte.r year. 
Obser vations also indicate that terraces pay the greatest propor­
t ional returns when used as conservers of soil soon after it is first 
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put into cultivation and the lowest returns when used in a.n attempt 
to reclaim cultivated lands already stripped of the topsoil and dis­
figured with gullies. 

HYDRAULICS OF TERRACE DESIGN 

Rainfall coming at a high rate is likely to induce considerable 
surface run-off, which will accumulate in depressions and flow clown 
the slopes. When run-off attains a velocity of about 2 to 3 or more 
feet per second it is usually capable of loosening and transporting 
topsojl from unprotected fields. Velocities of even less than this 
frequently cause erosion on some of the finer clays and sands. At 
the top of a slope the quantity of run-off is usually small and the 
movement · slow-without power to do much damage. But as the 
water flows down the slope its volume and velocity incr ease, and it 
gains increasing momentum and power to tear away soil particles. 

Terracing is essentially a planned surface-drainage system for cul­
tivated lands that camwt be adequately protected by other measures 
alone. The terraces must intercept the surface run-off before it at­
tains sufficient velocity to erode the soil to any extent. They must 
carry the surplus rainfall from the field at nonerosive velocities and 
deliver it to stabilized waterways. This is accomplished by placing 
a series of terraces across the slope, the first one being located near 
enough to the drainage divide to inter cept all the run-off from the 
contribut i1'lg area above before it attains excessive erosive power or a 
volume that will exceed the capacity of the terrace channel. Each 
succeeding terrace down the slope is located in a similar manner. 
The surface slope and the rate and velocity of run-off are therefore 
the first factors to be considered in the design of a terrace system. 

SURFACE SLOPE 

On long, steep slopes the velocity and erosive power of run-off are 
greater than on short, gentle slopes. T erraces ar e, in effect , a means 
of decreasing erosion by making slopes shorter. If they are to serve 
this purpose most effectively, spacing of the terraces must vary on 
slopes of different degrees of steepness, for the steeper the slope the 
shorter must be the horizontal distance between terraces. In design­
ing a system of terraces, therefore, it is valuable to know how great 
an incr ease in velocity and erosive power can be expected as th e 
degree of slope increases. The full significance of slope in terrace 
design is not appreciated until its effect on the rate, the velocity, and 
the- erosive power of run-off is realized. 

For example, if the slope of a field is such as to produce a nm-off 
velocity of 2 feet per second, theoretically th at slope would have to 
be only four times as great to produce a run-off velocity of 4 feet 
per second. Yet at 4 feet per second the power of the water to erode 
or tear away soil is four times gr eater than it is at 2 feet per second. 
The carrying capacity of water has an even greater proportionate 
increase. At 4 feet per second the run-off water can carry almost 32 
times the quantity of material of given size than it is capable of car­
rying at 2 feet per second. If the slope is increased sufficiently to 
produce a velocity of 8 feet per second the erosive power would be 
increased 16 times and the transporting power 1,024 t imes. 
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Velocity increases not only with the steepness of slope, but with 
the length of slope. The speed with which water flows downhill is 
not constant. but increases at a certain rate until it reaches the 
maximum velocity possible under the conditions on a particular field. 
The amount of run-off also increases as water travels down the slope 
owing to the increase in the contributing drainage area. This accu­
mulation of water increases the velocity even more because as the 
volume of run-off increases, the water tends gradually to concentrate 
in deep, narrow channels and so moves at a higher rate than it would 
if evenly spread over the surface of the field. Run-off that starts 
from the top of a slope with an initial velocity of zero will therefore 
usually attain a higher velocity and a much greater erosive power at 
a point 100 feet down the slope than it had at a distance of 50 feet 
down the slope. 

These facts make it plain that much soil will be lost on steep un­
protected slopes unless the flow of water down these slopes is checked. 
Usually the degree of slope cannot be changed without extensive soil 
movement and disturbance. The velocity and the consequent erosive 
power of the run-off, which increases with both steepness and length 
of slope, can be checked by decreasing the length of slope. A series 
of terraces across a slope does just this, for the length of slope on a 
terraced field is only as great as the distance from terrace to terrace. 
The steeper the slope, the shorter must be the interval between ter­
races. Terraces must be spaced so as to intercept the run-off from 
the area above each terrace before its erosive power has become great 
enough to carry away the soil and its volume great enough to exceed 
the amount of run-off that the channel can carry. Where mechanical 
protection is necessary on slopes too steep for practical protection 
by reducing the length of slope the bench-type terrace is used so the 
surhce slope can be reduced as well as the length of slope. 

RATE OF RUN-OFF 

In computing the required channel capacities, the rate at which 
run-off will be discharged from the contributing watershed is more 
significant than the total amount discharged from any particular rain, 
unless it is planned to store or retain all of the excess rainfall on the 
watershed. The rate of run-off from a drainage area is influenced by 
rainfall characteristics and watershed characteristics. The rainfall 
characteristics are intensity, duration, and frequency. The watershed 
characteristics that influence the rate of run-off are configuration. 
size and shape of the drainage ·area, degree and length of slopes, soil 
type, physical condition, and vegetal cover. The relative influence 
of these characteristics of rainfall and watersheds is discussed 
elsewhere in this bulletin. 

Average r ates of run-off cannot be used as a safe basis for com­
puting required channel capacities because. the terrace would over­
top and fail during each storm that produced run-off rates higher 
than the average. The maximum run-off rates for which the terrace 
spacing and channel capacity must be designed are likely to occur 
when rains of high intensities fall on saturated or frozen soil and 
during periods when fields may be devoid of vegetation. Charts are 
given in United States Department of Agriculture Miscellaneous 
Publication 204, Rainfall Intensity-Frequency Data, from which can 
be determined the maximum rates of rainfall that are likely to 
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occur in different localities during periods of 2, 5, 10, 25, and 100 
years. Ordinarily a terrace is designed to take care of run-off 
from rains of the maximum intensity that is likely to occur during a 
5- to 10-year period. Designing for run-off from rains of the maxi­
mum intensity likely to occur during a shorter period would result in 
frequent overtopping and consequent heavy repair costs, and design­
ing for run-off from rains of an intensity that is not likely to occur 
more frequently than once in 15 or 25 years would involve excessive 
construction costs. It is conceded that during parts of the year 
when rates of run-off from fields are below average the full capacity 
of terraces designed for storm frequencies of 5 to 10 years will prob­
ably not be utilized. However, terraces that cannot carry the higher 
rates of run-off that frequently occur will fail at the very time when 
they are most needed to r etard soil loss (fig. 8). 

FI GURE 8.- 0\7 ertopping, caused by improper design , construction, or maintenance of ter­
races, damages both fi eld and tenace. 

The capacity in cubic feet per second of any water channel is 
computed by multiplying the cross-sectional area in square feet by 
the computed channel velocity in feet per second. For example, a 
channel with a depth of 2 feet, a width of 6 feet, and a velocity 
of 1% feet per second will carry 2 x 6 x 1% = 18 cu hie feet per 
second. In determining the size of channel to construct it is usually 
considered good practice to make it slightly larger than the computed 
requirements because of the uncertainty of run-off values and the 
difficulty of maintaining exact field construction specifications 
through all periods of the year. 

VELOCITIES IN TERRACE CHANNELS 

Terrace channels of ample capacity must be constructed so as to 
transport water at nonerosive velocities; otherwise much soil may 
be carried from the channel with the run-off and serious gullying 
may develop. The velocity in a terrace channel increases not only 
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as the slope of the channel increases, but as the average water depth 
(approximately the hydraulic radius) increases and as the surface 
resistance (coefficient of roughness ) decreases. . 

Under field conditions the roughness of the channel surface is 
established by soil, tillage, and crop conditions and camwt be varied 
for the purpose of controlling velocity. The velocity, ther efore, can 
be controlled by adjusting only the degree of slope and the average 
depth of water in the channel. 

The maximum channel gradient that can be satisfactorily used 
must be less than the minimum slope that produces sufficient channP.l 
scouring to injure the terrace. The average depth of flow can be 
adjusted and the capacity maintained by changi11g the shape of the 
cross section of the channel. If other factors remain constant, a 
narrow, deep channel will produce a higher velocity with greater 
erosive power than a 'Yide, shallow channel because the average 
depth of flow is less in the shallow channel. A channel cross section 
that is wide in proportion to its depth not only retards velocities 
but also facilitates tillage operations over terraced fields. 

From the standpoi11t of construction, a channel of uniform cross 
section is desirable. In order that such a channel may take care of 
the increasing amounts of water being intercepted, the gradient 
is increased along successiYe increments of the channel. A variable 
channel gradient also gives more desirable flow characteristics be­
cause the flatter grade in the upper reaches of the terrace tends to 
retard channel flow and so reduces the tendency for water to pile up 
.in the lower portion of the channel. The final gradient ' vill be lim­
ited by the maximum permissible velocities above which scouring 
will result. Thus. by proportioning the channel area, shape, and 
slope, t.he necessary cha1mel velocity and capacity can be secured. · 

The recommended terrace specifications given under "Planning the 
Terrace System" have been developed from experimental and ex­
ploratory data collected under actual field conditions. They will 
ordinarily be found to suffice if applied under conditions for which 
they are recommended. For the man inexperienced in engineering 
they form a. safe basis for terrace design and can generally be used 
without further computation. The exceptional conditions for which 
these specifications are not entirely adequate may require the com­
putation of run-off from agricultural areas and the determination of 
theoretical channel velocities and capacities. Where problems of 
this type are encountered a competent engineer should be consulted. 

TYPES OF TERRACES 

Owing to the evolution through \Yhich terracing has passed, a wide 
variety of terrace types has been advocated, and considerable care 
must be exercised in their selection , construction. and use. Terraces 
will prove detrimental rather than beneficial if improperly applied, 
planned, or constructed. Years of experimenta.tion and extensive 
field observation by interested agricultural agencies have revealed 
vnJuable information relatiYe to the different types of terraces and 
their application to existing conditions. 

At the present time there does not seem to be any universally ac­
cepted classification of terrace types. The ultimate objective of all 
terraces is soil conservation. This objective is achieved by terraces 
that provide proper surface drainage or that increase rainfall absorp-
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tion in the control of wind erosion. It seems logical therefore to 
make a functional classification of terraces : (1) The drainage type 
and (2) the absorpt ive type. 

When the construction characteristics alone are considered a corre­
sponding classification would be (1) the channel type and (2) the 
ridge type. Classifi cation according to construction should include 
also a third type, the bench terrace, which is used on the steeper 
slopes. 

In some sections of the country both drainage and absorption are 
important objectives in terracing, but there are large sections where 
drainage is of primary importance and other areas where absorption 
is the principal requirement. 

In regions of moderate rainfall and favorable soil conditions inter­
mediate terrace requirements will be encountered, and a dual-purpose 
terrace incorporating the desired features of both the drainage and 

Original Ground Line 4-Percenl I 

___ _)_ 

······················ 

The Absorptive-Type Terrace 
--The Dra inage-Type Terrace 
----- Original Ground L1ne 

F IGURE 9.-'l'errace cross sections after settlement and cultivation. 

absorptive types can be used. Cross-sectional dimensions of all 
terrace types will differ throughout the country according to the soil 
type, terrain, rainfall characteristics, and type of machinery to be 
worked over them, but the fact that these dimensional adjustments 
must be made to meet local conditions does not invalidate the classifi­
cation of all terraces according to function. 

In figure 9, which shows the cross-sectional differences between the 
drainage-type and the absorptive-type terrace, both types are shown 
singly to assist in visualizing the ultimate cross sections desired for 
each , and one is superimposed on the other to bring out more clearly 
the variation between the two terraces. 

DRAINAGE TYPE 

The drainage-type terrace,• as the name implies, acts primarily as a 
drainage channel to conduct excess rainfall from the fields at non-

• The most desirable features of both the Nichols and Mangum terraces are combined in 
the drainage-type terrace. Mangum's principal contribut ion bas .been the idea of modi­
fying the construction of terraces so t hey could be fa rmed over, and Nichols bas contrib­
uted tbe principle of developing t he terrace drainage channel and improving the cross 
section by construction f rom the upper side. · 

118411°-39--3 
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FrG UHE 10.-The drainage-type terrace in the Piedmont area. It is important that a wide 
channel with ample capacity be pro1·ided. 

erosive velocities. Since low-velocity surface drainage is required, 
the channel and not the ridge is of prim.ary importance. A wide, 
relatively shallow channel of low gradient that has gentle side slopes 
and ample ,\·ater capacity will give the most desirable results (fig. 
10). The excavated earth is used to bring the lov.·er side of the chan­
nel to a height sufficient to provide necessary capacity. A high ridge 

F lGt: RE 11.- '£his drainage-type te rrace has been blended into the surface s lopes and the 
channel capacity main ta ined by proper plowing. The terrace will offer a minimum of 
incom·enience to tillage operations. 
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is not desirable since it seriously interferes with tillage operations, in­
creases construction costs, and frequently requires for its formation a 
large part of the topsoil scraped from the field. In the drainage-type 
terrace the ridge should be considered as supplemental to the channel 
and should blend gradually into the surface sl0pes to afford a mini­
mum of interference with machinery operations (fig. 11) . 

In general, the drainage-type terrace is applicable to soil types 
that are relatively impervious and to conditions in the Southeast, 
the Middle Atlantic States, the Tennessee and Ohio Valleys, and those 
parts of the Mississippi Valley where there is a reasonably good 
distribution of rainfall throughout the growing season. In these 
States the amounts and rates of rainfall are relatively high, and since 
the retention of all the rainfall would be difficult and damaging to 
growing crops, the surplus rainfall must be removed through surface 
drainage. 

FIGURE 12.-The a bsorptive-type t errace is used in the Great Plains for erosion con t rol 
and moisture conservat ion. It is important that the ridge be high enough to spread 
t he ~ollected run-off over a wide area and wide enough to allow satisfa·ctory operation 
of tillage equipment. · 

ABSORPTIVE TYPE 

Erosion control by the absorptive-type terrace is accomplished in­
directly by water conservation. In ·order to increase absorption the 
terrace is constructed so as to flood collected run-off over as wide an 
area as possible. If this is to be done most effectively the surface 
slopes on which the terraces are built should be fairly flat, the ridge 
should be of sufficient height to pond water over a relatively large 
surface, and the earth required for the ridge so excavated as to avoid 
concentration of run-off on a small area (fig. 12). , 

The degree to which these conditions can be attained is limited by 
the construction methods that are necessary and the land slopes en­
countered. In this type of terrace the ridge is of greater importance 
than the excavated channel, which is more or less incidental to the 
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construction of the ridge. When maximum absorption is desired the. 
terraces must be designed for ample storage capacity and placed on 
level grades with closed ends. As a factor of safety the ends are often 
left open so that excess rainfall can escape before the. terrace over­
tops. I n some areas the ends of the terraces are partly blocked, de­
pending on the necessity of safety outlets for excessive rainfalls not 
included in the design frequency. If the impounded water from level 
terraces \YOuld result in excessive crop damage, a slight channel grade, 
par ticul a-rly near the outlet, may be nece ·sary. 

The absorptive-type terraces ar e adaptable to areas of low precipi­
tation and to soil types that will absorb the accumulated run-off fast. 
enough to prevent damage to growing crops. These areas are largely 
confined to absorptive soils and gentle slopes in the drought and wind­
erosion areas of the central Great Plains. The absorptive-type ter ­
r ace may also be used with considerable success on certain restricted 
areas of sandy soils and gentle slopes where the rainfall is heavier, 

Ji' l f:URE 13.-Con se rvi ng moisture by terracing. These ter races are on too steep a slope 
for mos t effective dist ribu t ion of the moi ·tnre. 

such as the sandy coastal plains of the Southeast. Thorough exam­
ination of the soil absorption and rainfall rates should always be 
made before this type of terrace is used. The absorptive-type ter­
race, on a Texas field, is shown in figure 13. 

BENCH TYPE 

Terracing as now practiced in many foreign countries consists of 
building relatively steep land into a series of level or nearly level 
strips running across the slope. The strips are separated by almost 
vertical risers, \Yhich are retained by rock or a heavy growth of vege­
tation. This type of terrace is known as the bench terrace and 
exemplifies the original meaning of the word "terrace." It is one 
of the oldest mechanical methods of erosion control , having been used 
for many centuries in thickly populated countries where economic 
condit ions necessitated the cultivation of steep slopes. The use of the 
bench terrace on steep slopes not only retards erosion losses but. also 
facilitates cropping operations on these slopes. 

Population density and scarcity of flat lands do not as yet demand 
extensive cultivation of excessively steep slopes in the United States. 
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Some cultivation of field crops on steep, bench-terraced slopes has 
been practiced in sections of the Southeast for several generations 
(fig. 14), and the continuation of this practice may be necessary in 
hilly or mountainous sections. In the highly productive citrus and 
avocado districts of southern California bench terraces have been used 
to a considerable extent on steep valley side slopes. In other States 
there are scattered examples of their use in connection with truck 
farming or vineyard and orchard cultivation. Wherever the absence 
of adequate flat lands or the special adaptability of particular slopes 
to high-income crops necessitates the cultivation of steep slopes the 
bench terrace will probably continue to be used in the United States. 

F IGURE 14.- Ben cb terraces on a 20-percent slope in the South. These bench es have been 
developed over a period of yea rs by leaving t he ridges in permanent vegetation and 
allowing the soil t o move clown the slope between t erraces. 

Owing to its limited use, the most desirable design and construction 
practices have not as yet been thoroughly investigated in this country, 
so this discussion of the bench terrace will of necessity be limited to 
a brief review of past practices and recommendations based thereon. 

The ordinary method of developing the bench terrace in the South­
ern States was to construct a series of small ridges usually at inter­
vals and grades selected according to the judgment of the surveyor. 
Some of the specifications used compare favorably with our regular 
t errace recommendations, whereas others vary from them materially. 
The ridges were not cultivated and were allowed to grow to briars, 
weeds, or grasses. They were also frequently used as a place to pile 
rock and roots collected from the fields. Contour cultivation was 
practiced on the interval between ridges. The upper side of the 
interval between ridges was lowered by erosion, and the soil retained 
by the ridges raised the lo·wer side. In addition to this leveling of 
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the interval by erosion, the process was intentionally hastened by 
turning plo'' furrows downhill whenever possible during the regu­
lar cultivation operations. Several years of alternate s01l transpor­
tation and deposition down the slope were usually sufficient to form 
a series of fairly le•el strips with steep, protected risers between. 
On some terraces the surface run-off was allowed to flow over the 
terraces, whereas on others an attempt was made to maintain a ridge 
on the crest of the riser or a water furrow just above it so that. 
run-off could be diverted from the field and discharged at the end of 
each terrace. 

In California a bench terrace. sometimes referred to as the Red­
dick-type terrace because of H. ' E . Reddick 's efforts in adapting it 
to southern California orchards, is produced in much the same man­
ner, except. that irrigation grades and practices are used as a basis 
for laying out the system. The tree ro"·s are laid out on irrigation 
grade lines (which vary w·ith soil type and surface slope). and two 
or three furrows are thrown up along the tree rows before the trees 
are planted. This provides a ridge in which to plant the trees and 
a furrow for irrigating the trees during planting. Subsequent culti­
vation is restricted to one direction, the direction of irrigation, and 
a narrow belt of natural vegetation remains in the ro,-..-s between trees. 
It has been found that if no cross cultivation is permitted a distinct 
bench-terrace system will develop in abou:t 10 years. The original 
spacing of tree rows is arranged so that when the bench terraces 
have developed there will be sufficient room for cultivation and irri­
gation between the tree rows. 

Figure 15 shows a soil profile through a bench terrace after many 
years of formation and use. A study of this profile not only shows 
what happens to the soil during the leveling process, but also reveals 
some of the important soil aspects that must be considered in devel­
oping satisfactoi"y specifications for bench terracing. Bench ter­
racing should be discouraged on soil strata subject to sliding. The 
depth of topsoil. the character and permeability of the subsoil, and 
the depth to the parent material are features that should be consid­
ered in arriving at the most satisfactory spacing specifications. If 
the spacing is too wide with respect to the depth of topsoil, and if 
the subsoil cannot be successfully cropped, too much unproductive 
soil will eventually be exposed over the surface and render the entire 
field useless for crops. 
· Spacing specifications also vary with surface slopes, type of equip­
ment, and the tillage practices to be used on the land. The comple­
tion of bench terraces during the initial construction operations does 
not seem practical, except possibly under special conditions, because 
of the extensive mm·ing of earth involved. ·where this has bee11 
attempted in the past it has resulted in high construction costs and 
often has led to unfavorable cropping condit ions owing to the abrupt 
disturbance and distribution of the soil. 

Before the use of bench terraces in any area is considered, a 
thorough study should be made to determine whether there is justi­
fica~ion for cropping the steep slopes that require this type of pro­
tectiOn. If suitable lands with flatter slopes are available or if a 
profitable return cannot be expected, cropping of the steeper slopes 
by the use of bench terraces should be discouraged. The construction 
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of bench terraces on flatter slopes that are suitable for the a.bsorptive­
or drainage-type terrace should also be discouraged. 

PLANNING THE TERRACE SYSTEM 

GENERAL CONSIDERATIONS 

Certain fundam ental engineering principles are involved in de­
signing and constructing terraces, but a high degree of theoretical 
training is not so important as the faculty of good judgment, com­
bined with an a~ricultural background and a general understanding 
of the various p11ases and measures of erosioi1 control. It will usu­
ally be advisable for farmers who have not had training in the use 
of surveying equipment and in the planning of a terracing system to 
have the surveying and planning clone by an agricultural engineer or 
someone who has had the necessary training and experience. 

The first step in planning a terrace system is to make a thorourrh 
physical inspection of the area under consideration and, for tl1e 
larger projects, to prepare a sketch map on which are located all 
the topo~raphieal features snch as drains. rid&es, slopes, hills, gullies, 
field and property lines, roads, buildings, and fences, and any other 
features that may influence the design of the system. A reconnais­
sance of adjacent area should also be made, and the type of yegetation 
and amount of drainage on both the area to be terraced and adjacent 
contributing areas should be determined. The location and size of 
culverts, gullies. and drains below the watershed should be included 
in the survey. 

If a sketch map is used it need be only reasonably accurate and 
may vary all the way from a map prepared from information secured 
by a physical inspection. a hand level, and pacing to a complete 
topographic map compiled from a transit survey of the area. 

The need for a field map will depend upon the experience of the 
fi elclman, the size of the project, and the nature of the topographical 
features encountered. Engineers or terrace specialists with sufficient 
field experience may often dispense with the actual preparation of 
the field map to advantage if the topographical features enconntered 
do not make terracing difficult. The preparation of a m.ap, especially 
of areas difficult to terra ce. will usually be of material value to 
younger men who lack experience. 

Insufficiently considered and hastily prepared plans usually result 
in unsatisfactory lay-outs. The im.portance of determining the most 
satisfactory preliminary plans lies in the fact that terraces once 

. constructed become permanent, if properly maintained, and reloca-
tion is costly and difficult . . 

From a study of field notes and observations and a consideration 
of the soil types, precipitation. a,nd type of farming in the area a 
satisfactory terracing plan ean ordinarily be developed for an n rea, 
provided certain basic principles are followed. In the preliminary 
planning, all necessary terracing for the entire farm should be con­
sidered m order that terracing on any part of the farm may be fitted 
into the complete terrace system without difficulty or unnecessary 
expense. The possibility of rearrangement of fields, fences, and roads 
to conform to good land-utilization and farm-management policies 
should be kept 111 mind. Terracing is usually planned according to 
drainage units, that is, areas that can be satisfactorily handled through 
one outlet or system of outlets. Snch factors as ridges, drains, roads, 
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large gullies, abrupt changes in slopes, property or 'field lines, and 
terrace lengths are some of the main determinants of boundary or 
division lines between terracing units. Adjacent farms may often have 
fields in the same drainage unit, in which case a joint terracing sys­
tem may be used to advantage for both field s provided a satisfactory 
agreement can be made between the two landowners for joint con­
struction and maintenance of the terraces and outlets. 

The location of the most desirable terrace outlet and determination 
of the necessary measures of control are the first items to be consid­
ered in making the preliminary field plans. After the outlets are 
located, the terracing system should be developed around them in 
such a way as to conform to the topography and yet use the outlets to 
best advantage. The simplest and most economical type of outlet is 
usually secured where terraces can be discharged directly onto well­
established sod or other natural cover that will provide sufficient pro­
tection against the run-off from the terraces. Caution must be exer­
cised in selecting a natural outlet, and it must be carefully watched 
for evidences of failure. Many terrace systems have failed just be­
cause too much dependence was placed on a natural outlet that had 
far too thin a cover of grasses, shrubs, or forest litter to withstand 
the added discharge from the terraces. The ideal natural outlet con­
sists of a dense growth of permanent sod that is protected from 
grazing or other damage. On relatively flat slopes permanent woods 
in which there is a good under~rowth and forest litter and in which 
controlled grazing Js practiced also make a very good outlet. If 
satisfactory natural outlets are not possible, it will be necessary to 
construct a suitable outlet to convey the run-off from the terraces 
to stabilized waterways. 

If it is necessary to prepare special outlets1 vegetated outlets are 
usually preferable, provided they can be satJsfactorily established. 
It is often advisable to have the necessary vegetation established in 
these outlets before the terrace run-off is discharged into the chan­
nel. This can be accomplished by immediate sodding of the outlet 
channel, by seeding and the use of temporary outlets, or by the estab­
lishment of vegetation in the outlets before the terraces are con­
structed. Where special protection in the form of mulching is pro­
vided, a good vegetative cover can sometimes be secured by seeding 
without temporarily diverting the run-off. The mulch, which serves 
both as a protection against flowing water and as a conserver of 
moi sture, is usually held in place by mechanical means until vegeta­
t ion becomes established. The establishment of vegetation , particu­
larly grasses and legumes, by seeding in prepared terrace outlets is 
worth considerable effort since seeding is more economical than sod­
ding. Special c~annel cross sections, seedbed preparation, ~ertiliza­
tion, and seed m1xtures are usually necessary to assure satisfactory 
vegetated outlets. 

Where it is necessary to use a combination of vegetative and me­
chanical protection in the outlet, the vegetation is ordinarily used in 
the upper part of the channel and permanent check dams in the 
lower part. Usually the most economical of mechanically protected 
outlet ditches, in relation to the area drained is one that has terraces 
of maximum permissible length discharging into it from both sides­
provided the cost of construction and maintenance has been reduced 
to a minimum. All prepared outlet channels should be as str aight 

l1R411 "-~9-4 
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as it is practical to make them. It is desirable, wherever convenient. 
to have terraces on opposite sides of the outlet discharging into the 
outlet directly opposite each other. 

Prepared terrace outlets should be located where they can be con­
structed and maintained most economicall}· and will function satis­
factorily. It is preferable that they be on the gentler slopes and 011 

field or' property lines where they will interfere least with tillage 
practices. Large or crooked gullies should seldom be used for 
terrace-outlet ditches because it is difficult and expensive to proteCt 
and maintain them. It is usually advisable to divert run-off away 
from such locations. Diverting run-off from gully heads by means 
of terraces often pi-ovides the most economical gull:· control. As a 
general rule the use of road ditches as terrace outlets has not proved 
satisfactory except where the outlets can be economically installed 
and where a cooperative agreement for their construction and · 
maintenance can be worked out between the landowner and the 
highway officials. 

When the field to be terraced receives any appreciable amount of 
run-off from an adjacent area it will be necessary to. cli.vert this rnn­
off from the terrace system by some form of diversion or intercep­
tion ditch. If this is not clone the added i'lm-off will probably 
cause overtopping of the first terrace it encounters, which will ulti­
mately lead to failure of each succeeding terrace do,Yn the slope. 
The diversion ditch must have ample capacity and nonerosive grades 
and must be protected from silting by erosion-control measures on 
the contributing dra.inage area. 

In making estimates of rates of run-off for the purpose of deter ­
mining size of ditches, outlets, or weir openings in control struc­
tures some standard procedure applieable to the area under consid-

. eration should be followed. The run-off curves and tables prepared 
by C. E . Ramser for small agricultural areas are as accnrate as any 
available at the present time for the eastern United States. Ramser's 
reduction ratios of 0.60 for 1 acre, 0.70 for 10 acres. 0.'75 for 30 acres. 
and 0.90 for 100 acres ean be applied for rates of run-off from graded­
terrace areas, and an additional reduction of about 25 percent can 
be made in estimating run-off rates from level-terrace areas. It is 
generally agreed that no reduction in run-off rate should ble made 
for terraced areas larger than 100 acres. 

In the field plan of a terrace system sho>l' n in fignre 16 more diffi ­
culties than are ordinarily encoun tered in ·any one field are included 
in order to illustrate metliods commonlv used to over:come them. Note 
t.hat a diversion ditch has been _ utilized to intercept nm-off from an 
unterraced area · above the· field. This ditch is necessary to protect 
the terraces. Since no adequate natural ''aterway is available to 
carry run-'off from the terraces to the stabilized stream below. n 
vegetated outlet ditch is used. Natural waten...-ays should be nt-ilized 
if available and satisfactory. 

TERRACING AND SOIL TYPES 

Both terrace design and construction ma,y be influenced to a 
considerable extent by the chara cteristics of the different. soil types 
and even by variations within a single type. For example. the 
erodibility or permeability of a particular soil may ·modify the se­
lection of the terrace spacing, grade, and cross-sectional dimensions, 
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::tnd the soil structure and its physical condition "~ill have a marked 
effect on construction features such as size and type of equipment , 
difficulty of construction, season of construction, and time and power 
required. 

The ease with which terraces can be constructed will be directly 
affected by soil characteristics. On some soils terrace construction 
may even be impractical owing to the unstable nature of the soi l or 
the presence of rock or hardpan near the sur·face. A very wet or 
dry condition of the soil vitally affects terrace construction. Adverse. 
soil conditions may greatly mcrease the cost of terrace construe­
tion. The Soil Conservation Service found that the cost of building 
terraces in the lighter Coastal Plain soils of the Southeast, "'hich were 
in good workable condition, was one-third to one-half the cost of con­
structing similar terraces at the same time and ''ith the same type of 
equipment in the nearb~~ Piedmont soils of different inherent char­
acteristics and in an unfavorable condition owing to prolonged 
drought. It has sometimes been found necessary to nse supplemental 
machines, such as scarifiers, to loosen the soil before terracing ma­
chines could be made to penetrate it. The highly abrasive action of 
some soils quickl~- \vears do,Yn points, blades, and mouldboards, neces­
sitating frequent repla cements or repair s. Sticky, ~-~unbo soils clog 
up terracing machines and lower their efficiency. All these factors 
affect the cost of constructing terraces, and this cost in turn will partly 
determine whetlwr or not any particular area ca n be economically 
retained for cu1tivated crops if terracing is necessary. 

A soil combination that makes terrace construction difficult is a 
shallow silt or sandy loam surface soil over rock or hardpan. Asso­
ciated with such soil eombinations are low absorptive capacity and 
frequent high run-off ra tes. Under such adverse combinations ter­
race construction is often impractical. On a friable , fine sandy soil 
t.erracino· may be unsatisfactory because of the rapidity with which 
impounded run-off will penetrate the terrace ridges and the ease \Yi th 
which the soil will slough away when saturated or when being cnlt.i­
vated. Soils that are only moderately friable can often be terraced 
satisfactorily if wider terrace ridges are provided to compensate for 
the increased porosity and friability of the soil. 

Shallow surface soil in itself does not prohibit terrace eonstruc­
tion unless the subsoil is very difficult to penetrate. The undesir­
ability of exposing subsoil in the terrace channel is sometimes over­
emphasized. As a rule exposed subsoil gradually becomes prodnctive 
and when mixed with topsoil , yields crops that are either back to 
normal or above normal in a few years' time. If the land has to be 
used for the production of farm crops, the temporary decrease in 
crop yields is usually small in comparison with the lai·ger loss that 
would occur if the soil wastage were not checked. 

Knowledge of differences in erodibility and permeability of the 
various soil types tends to encourage, upon first thought, material 
changes in terrace specifications to compen'Sate for snch differences. 
A closer examination of the factors involved, however, indicates that 
any changes made must be held within close limits or the safety of 
the entire terrace system may be jeopardized. E ven though there is 
wide variation between soils in susceptibility to erosion and in ab­
sorptive capacity, the ultimate effect of these and other soil chara c-
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teristics on terrace design cannot be definitely evaluated until it is 
ascertained how these characteristics react to the critical storms, 
which produce the higher rates of run-off. 

Variations in soil infiltration rates have a much more direct effect 
on the annual or average amounts of run-off than they do on rates 
of run-off during rainstorms of high intensities or of very long 
duration . Rainfall intensities are frequently produced that are far 
in excess of the infiltration rates of even the most pervious soils. 
Storms of long duration usually produce a saturated or partially sat­
urated soil condition, which wiJl materially reduce infiltration rates 
and thus contribute a relatively high rate of run-off from a soil that 
under ordinary conditions would be very pervious. Once run-off is 
underway, some of the more permeable soils are very erodible. 

Since terraces must be built to withstand the unusual storms that 
may occur during the design period it does not seem advisable to 
deviate from standard terrace specifications O!J account of ordinary 
variations in soil types. When a combination of favorable condi­
tions is encountered, some variation from standard specifications may 
be made without endangering the safety of the terrace system. 

TERRACING AND CULTURAL PRACTICES 

TILLAGE g qUIPME NT AND .TER.RA CE DE SIGN 

In the development of terracing specifications, consideration must 
be given to necessary tillage-machinery operations. I£ the terrace 
spacing is too close or the terrace slopes too steep, the proper opera­
tion of tillage machinery becomes impractical. The minimum terrace 
spacing and side slopes that permit practical machinery operation on 
a terraced field will vary in different regions according to the size 
of machinery that is customarily used for field work. In the South­
eastern States, where one- and two-mule equipment is used, narrower 
terraces and closer spacing can be used than in the Central and West­
ern States, where larger tillage equipment is ordinarily employed. 

Major or costly adjustments in standard terrace designs or specifi­
cation!? to allow for better operation of tillage machinery cannot be 
justified because many of the initial difficulties encountered in operat­
ing machinery on terraced land can be overcome or greatly diminished 
by proper operation of the equipment. The operation of tillage 
equipment on the contour or approximately parallel to the terraces 
not only reduces soil movement between terraces but also aids mate­
rially in terrace maintenance and eliminates many of the difficulties 
encountered in operating tillage machinery. Regulating the location 
or position at which the various implements operate over the terraces 
also eliminates certain of these difficulties. Satisfactory results can be 
obtained in some instances merely by replacing obsolete or old-type, 
rigid frame machines with newer and more flexible implements. 
Minor changes in machinery design to facilitate operation on ter­
raced land may be forthcoming if such changes become definitely 
advisable. 

CROPPING PRA C'l'I CES AND TERRACE DESIGN 

The development of terracing specifications at the soil and water 
conservation experiment stations has been largely in conjunction with 
contour cultivation and soil-improving rotations that include a high 
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percentage of clean-cult ivated crops (corn and cotton). Outside the 
ex1:ieriment stations the expansion of rotations to include ''inter cowr 
crops and more small-grain or forage crops, which are generally con ­
sidered more resistant to erosion, and the practice of nsing strip 
cropping with terracing ha.ve introduced a temptation to disregard 
the terracing practice established at the stations and to deviate mate­
rially from conventional terrace design. It is assumed that the 
changed cropping practices will reduce the run-off and erosion suffi ­
ciently to justify a large increase in terrace spacing or a reduction in 
channel capacity. This tendenc~· to depart from standard specifica­
tions is greatest in areas where tenacing is new and experience 
lacking. Departure from established practice under the most faYor ­
able conditions and within certain limits may be justified becanst> 
well-established, close-gro"·ing crops proYide considerable protecti on 
against surface nm-off. Experimentation and field observations indi ­
cate. however, that any snch deviation from standard recommenda ­
tions must be held within comparatively narro'" limits and made only 
after full consideration of its effect on erosion and rnn-off dnring 
storms that produce maximum rates of rnn-ofL The more complete 
protection that is provided by permanent grass coYers m nst not lw 
confused with the partial protection that is provided when :mnnal 
farm crops are grown either in rotations or alternated in strips across 
the slope. 

In order to determine what alteration a particular cropping prac­
tice will permit in terrace-design specifications it. is necessary t.o con­
sider the protection it '"ill afford during a complete rotat ion and 
rainfall cycle. The degree to which the crop protects the soil during 
adverse seasons and the stage of crop growth during seasons of in­
tense rainfalls are of particular importance. A certain cropping 
system may materially reduce annual or average run-off and soil 
loss, but if comparable reductions cannot be assured during the rains 
of higher intensities: whieh are used .as a basis in esfablishing terrace 
specifications, i t would be unsafe to make material chan~es in the 
terrace design to allow for this reduction. During certam periods 
practically all farm crops tend to lose their effectiveness in erosion 
control. These critical periods occur when the crop is dorn,1ant. in 
the fall, spring, or winter; when the seedbed is being prepared or 
the new crop is being planted; when the crop is yow1g and h as bnt 
slight development of root and stalk ; when the planb:: are seriously 
injured by frost, drought. insects, and disease; 'Yhen the plant. gro"-th 
is arrested by harvest or maturity; and when the ground is frozen 
or saturated. Another factor that should not be overlooked is the 
probability that the rotations or cropping practices depended on to 
protect the soil may not be maintained, particularly during periods 
of crop shortages and surpluses or during high and low price cycles. 

Run-off data from the soil and water conservation experiment sta ­
tions indicate that fields with clean-cultivated crops experience mod­
erately high run-off rates more frequently than do fields with close­
growing crops and that the average annual soil loss from the former 
is usually much higher than from the latter. A study of these rec­
ords, however, indicates that rates of run-off from close-growing 
crops are not of lilce degree during all storms that produce the higher 
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rates of run-off. If these storms occur at a critical crop period the 
rate of run-off and soil movement may be comparabvely high. 

The primary purpose of using good cropping pracbces on terraced 
land is to improve the soil fertility, reduce the annual soil movements 
between terraces, and minimize terrace maintenance rather than to 
permit major adjustments in terrace specifications. 

TERRACE SPECIFICATIONS 

The previous discussion of slopes, rainfall and run-off rates, soil 
characteristics, vegetal cover, tillage, and cropping practices as 
related to terrace design gives some appreciation of the many factors 
involved in establishing terracing specifications and the relative im­
portance of each for any particular area. It has not been found prac­
tical to assign definite values to each of these variables and to treat 
each as a separate item in determining final terrace specifications. 
For such a procedure the problem is too complex and the variables too 
indefinite. Standard specifications can be established by using actual 
field and experimental data on terracing in a certain area as a guide 
for terrace design in similar areas. Some deviation from standard 
specifications may be made to provide for the exceptional areas where 
favorable or unfavorable conditions may arise that have not definitely 
been provided for in the standard specifications. I n establishing 
standard specifications every effort has been made to provide a ter­
racing system that will give the most satisfactory erosion control and 
adequate surface drainage as well as offer a minimum of obstructions 
to efficient tillage operations. 

LIMITING LAND SLOPES 

On slopes above 10 to 12 percent, it is difficult to build and main­
tain terraces that have adequate capacity and can be farmed with 
modern machinery. These steeper slopes are ordinarily not recom­
mended for production of the more common cultivated crops except 
in areas where conditions require it. In the majority of agricultural 
areas the drainage-type terrace is applicable to the slopes that, under 
a good land-use program, are generally considered suitable for the 
production of cultivated crops. 

The upper limit of land slopes on which the absorptive-type terrace 
can be used most effectively for water conservation is, in general, 
about 3 percent. Where this terrace is used bn lands having greater 
slopes the actual. area ponded is too small to conserve much moisture 
unless the terrace ridge is built unreasonably high. If it is imprac­
tical to secure the desired storage capacity, a modified form of the 
absorptive-type terrace, providing for some drainage, may be used 
on slopes up to 10 or 12 percent. 

Where it is necessary to use slopes above 12 percent for orchards 
and the production of farm crops the bench-type terrace may be 
applied, if terracing is required. This type of terrace may be adapted 
to 25- to 30-percent slopes. 

SPACINGS 

In the Northern States, where the ground is not subject to erosion 
eluTing the several months of the year when it is frozen and where 
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crop rotations usually includ:e few row crops .and more of the er?sion­
resistant forage or small-gram crops, terrace mtervals may be shghtly 
oTeater than is permissible in the Southern States. The rainfall 
intensities also are generally lower in the Northern States. It is ap ­
parent, therefore, that terrace-spacing recommendations -for the 
Northern States should differ from those for the Southern States. 

As a result of field obserntions and terrace-spacing studies on 
the soil and water conser->ation experiment stations 5 C. E. Ramser 
established some general terrace-spacing recommendations for the 
Southern and Northern States. The terrace spacings giYen in tabn ­
lated form in table 1 and in graphic form in figure 17 are based 
on these recommendations. The minimum and maximum Yalues YarY 
from the average by 15 percent. If exceptionally good croppinP,. 
practices, erDsion -resistant soiL and lo\\- rain fa 11 intensities are cluu·­
acteristic of the area to be terraced~ the terrace spacing might be 
increased as much as 15 percent with reasonable safety. But if the 
rota.tions include a relatively high percentage of row crops: if the 
soils are erodible, and if the rainfall intensities are high, terrace 
spacing should probably be decreased as much as 15 percent. vVi.th 
intermediate combinations of favorable or nnfavora.ble factors, cor­
responding int.ermediat~ increases or reductions shou ld be made in 
the spacing. It will often be found that a favorable factor is offset 
by an unfavorable one, and in such instances any deTiat.ion from 
recommended average spacings cannot be justified. F or example, 
the value of a good erosion-resistant rotation may be offset by a very 
erodible soil type or by high rainfall intensities so that the combined 
results are about the same as though. all factors were average. 

Besides the recommended vertical interval bet.ween terraces on 
various slopes, table 1 gives the corresponding horizontal distance 
between terraces, the acreage of each terrace interYal per mile or per 
100 feet of terrace, and the feet of terrace required per acre of land . 
This information enables the reader to estimate readily the number 
of acres of land that a gi,-en length of terrace will sene or the 
amount of terracing that will be necessary for a given acreage of 
land. For example, if land on a 5-percent. slope is to be terraced in 
one of the Southern States where soil and rainfall conditions permit 
the use of the anrage (mean) spacings recommended, f.he tablE' 
shows that the proper Yertical interval between terraces is 3.25 feet. 
The corresponding horizontal spacing will be 65 feet: each mile of 
terrace will serve 7.88 acres. or each 100 feet of terrace will serve 
0.149 acre; and it will require 670.15 feet of terrace for each acre to 
be terraced. 

If adverse soil and rainfall conditions are encountered and it is 
deemed advisable to use the minimum spacings recomrnended, which 
are 15 percent less than the aYerage: the vertical interval will be 2'.76 
fe~t. The corresronding horizontal spacing "-ill be 55.25 feet; each 
m1le of terrace w1ll serve 6.70 acres, or each 100 feet of terrace will 
serve 0.127 acre ; and it will require 788.42 feet of telTRce for each 
acre to be terraced. This considers onlv the area above terraces. 
If favorable field conditions indicate that the maximum spacings 

recommended can be safely used the corresponding unit figul'es can be 

5 ~t tbe time these studies were 1nade these stations were known as erosion experiment 
statwns. 
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selected from the table. Values for intermediate conditions can be 
determined by interpolation. Similar information can be secured 
from the table for terracing on land slopes from 1 to 12 percent in 
the Northern and Southern States. 

Convenient thumb rules that give the approximate vertical interval 
recommended for average condrtions in the Northern and Southern 
States have been developed. In the Southern States the approxi:t;natc 
vertical interval in feet can be determined by dividing the slope by 
4 and adding 2 to the resultant quotient, V l = 2+Sj 4. The vertical 
interval in feet recommended for Northern States can be determined 
by dividi~g the slope by 3 and . adding 2 to the resultant quotient, 
V ! =2+Sj3. For example, the average vertical interval in feet 
recommended for terraces in the Northern States on a 6-percent slope 
is 6/3+2= 2 + 2= 4. 

Many terraces will be laid out by contractors, terrace surveyors, 
engineers, or even farmers who often prefer to use a chart rather 
than a table for determining the required vertical interval, horizontal 
spacing, and miles of terracing for various slopes and acreages. For 
their convenience figure 17 has been prepared. It is essentially a 
graphic presentation of the information given in table 1. The chart 
can be used very easily when one understands what the different lines 
and scales represent. 

The 14 sloping straight lines on the chart represent land slopes. 
These lines intersect the heavy curved lines at points that give recom­
mended spacings for terraces on slopes represented by the lines. The 
upper heavy line is for average field conditions in Northern States, 
the lower for average field conditions in Southern States. Approxi­
mately parallel to each of the heavy curved lines are two dotted lines 
that indicate the maximum and minimum spaciJ1gs recommended. 
The line above the heavy curve represents the upper limit, and that 
below, the lower limit. The vertical scale on the )eft gives the vertical 
interval in feet, and the horizontal scales at the bottom give corre­
sponding horizontal distance between terraces, acres per mile or per 
100 feet of terrace, and feet of terrace required per acre. 

To illustrate the use of the chart, suppose a 3-percent slope is to be 
terraced in the Northern States, and suppose the field conditions are 
about average. To find the spacing desired, follow the 3-percent 
slope line to the point where it intersects the heavy curved line for 
the Northern States. From this point trace a line to the vertical­
interval scale on the left. The number on the scale at that point 
gives the vertical interval as 3 feet. To find the corresponding hori ­
zontal spacing and the miles or feet of terrace required per acre on 
the 3-percent slope, draw a perpendicular line downward from the 
point where the slope line intersects the heavy line. Readings at 
points where this line cuts the four scales at the bottom of the chart 
give a horizontal di stance between terraces of approximately 100 feet, 
12.0 acres per mile or 0.2 acre per 100 feet of terrace, and 436 feet 
of terrace for each acre of land. 

I£ favorable field conditions justify the u se of the maximum spac­
ings recommended, the 3-percent slope line is followed to the point 
where it intersects the upper dotted line. The vertical interval for 
this point is about 3.5 feet, the horizontal distance is about 115 feet, 
the approximate acres per mile or per 100 feet of terrace is 13.9 and 
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0.26 respectively, and about 379 feet of terrace will be required for 
each acre to be terraced. 

It is also possible to read from the chart specifications for points 
that lie anywhere between the maximum and minimum lines. If 
perpendicular lines are dropped from the points where the 3-percent 
line intersects the maximum and minimum lines for Northern States, 
these lines will intersect the horizontal scale of distances between 
terraces at about 115 and 85 respectively. This means that a varia­
tion of as much as 30 feet is allowed to take care of the variation 
in soil and cropping conditions on 3-percent slopes. The person who 
plans the terrace system must judge whether field conditions will 
allow spacings above or below the average a11d how much above or 
below. H e can then follow the 3-percent slope line down to that 
point between the maximum and minimum lines that he believes 
represents the conditions of the particular field that is being terraced, 
and select the corresponding specifications from the proper scales. 

The chart could also be used readily to determine terrace spacings 
on slopes that lie between those included in the table. Approximate 
readings for a 31h-percent slope, for example, can be easily made by 
following a slope line midway between the 3-percent and the 4-percent 
lines to the points where it intersects the curved lines. Such refine­
ment, however, is usually not necessary in ordinary terracing work. 

The spacings given in table 1 and shown graphically in figure 17 
are primarily for the drainage-type terrace. When the absorptive­
type terrace is used, the spacings given for Northern States are gen­
erally recommended. Since this type of terrace has not been used in 
experimental work as much as the graded or drainage-type terrace, 
spacing specifications have not been so completely developed for it as 
for the latter. Practically the same spacings will generally apply 
for both types because any material increase in the terrace interval 
for the level terrace would ordinarily permit more erosion on the 
slopes between terraces and give less uniform water distribution. The 
ideal spacing for the absorptive-type terrace would seem to be that 
which would give the most uniform moisture distribution and mini­
mum soil movement between terraces as well as the least interference 
with tillage practices and a low construction cost. The water-storage 
capacity of a level terrace with closed ends is an important and often a 
limiting factor in determining spacings. It should be sufficient to 
take care of the maximum run-off accumulation that can be expected 
from the contributing drainage area during the design period. This 
run-off may be as high as 4 or 5 inches in the semiarid regions and 7 or 
8 inches in the more humid areas. 

On fairly uniform slopes the average slope of the area can be used 
in computing the vertical interval for the terraces. If the slopes vary 
considerably the weighted average of all the slopes that a terrace is to 
cross should be used in computing the vertical terrace interval for each 
terrace. On some fields it might be advisable to reduce or increase 
the indicated interval slightly for certain terraces in the system in 
order to place them advantageously. It may also be necessary to make 
adjustments between terrace intervals in order to get proper alinement 
of terraces at the outlet ditch. In order to secure these features it is 
usually more desirable to decrease the spacings somewhat. · 
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GRADES 

Since experimental results show that both the rate of surface run-off' 
and the soil loss in run-off increase with steeper terrace grades, the 
minimum gmde t·ha.t will provide satisfactory drainage is desirable 
for the drainage-type terrace. As a variable grade retards the rate 
of run-off and provides drainage in a more satisfactory manner than 
the nniform grade, its use is generally preferable for terraces more 
than 300 feet ill length. 

In determining the final grade, the total length of the terrace 
should be estimated and a variable grade established that increases 
toward the outlet by regular increments. The grade is commonly 
changed every 300 to 500 feet. Wherever convenient, it is usually 
desirable to break grades at critical points such as gullies, fills , or 
low spots. Maximum grndes of over 4 inches per 100 feet of length 
are seldom advisable sinee steeper channel grades usually allow 
exce si,·e atnottnts of soil to be washed from the terrace channel. 
A possibl e exception may be found in areas with heavy clay soils 
or ''"here relatively high ra.tes of run-off are encountered. Under 
either of these conditions. a fall of as much as 5 inches per 100 feet 
of length for the la st increment of a 1,600- or 1,800-foot terrace may 
be adYi sabl e. A comm011 grade arrangement for areas of relatively 
high rainfall rates and ordinary soils is 0 to 400 feet, 1 inch per 100 
f eet; 400 to 800 fee t, 2 inches per 100 feet; 800 to 1,200 feet, 3 inches 
per 100 feet ; and 1.200 to 1,600 feet, 4 inches per 100 feet. Where 
the rainfall is high and the soil is relatively sandy a grade arrange­
ment of 0 to 400 feet., level; 400 to 800 feet, 1 inch per 100 feet; 800 to 
1,200 feet , 2 inches per 100 feet; 1,200 to 1,600 feet , 3 inches per 100 
feet may be used. In areas of low rainfall and ordinary soils a 
grade anangement of 0 to 500 feet, level; 500 to 1,000 feet, 1 inch 
per 100 fee.t ; 1,000 to 1,500 f eet , 2 inches per 100 feet may be advisable. 

The absorptive--type terrace is ordinarily built with a level grade. 
"\Vherewr some drainage is desired either one or both ends of the 
terrace can be left open or even a slight grade provided if necessary. 

LENGTHS 

In general, 1,600 to 1.800 t eet is the maximum distance that a 
terrace should drain water in one direction. When properly con­
structed and maintained , lf2 -mile terraces will often give satisfactory 
sen-i ce. In order to eliminate the need for a second outlet ditch a 
few terraces of this length ma,y sometimes be used to advantage in 
n terrace system in whieh the slopes are relatively uniform. On 
gul lied land a length of 1,500 feet should seldom be exceeded. When 
a. fe,..,. terra ces in a syst-em mnst exceed the maximum lengths rec­
omnwnded they are handled most satisfactorily by draining the 
excess length t-o a eonwnient natural or vegetated outlet in the di­
rection opposite to the outlet. for the main part of the terrace. Or 
the entire t{~lTaee may be drained in one. direction, if the channel 
cross section is increased toward the lower end to provide additional 
capacity. . 

The maximnm length of the absorptive-type terraee, particularly 
when the ends are left open or when a slight grade is used toward 
the outlet, should not exceed that recmmnended for the drainage type. 
This \Yould mean tha,t a maximum total length of 3,200 to 3,600 feet 
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might be used for a level terrace if necessary. If closed ends are 
used, occasional blocking of the terrace channel provides a safety 
measure against excessive water concentration should breaks occur 
at any point, and if this practice is followed there appears to be no 
need for restrictions in permissible terrace lengths. 

CROSS SECTIONS 

The three main requirements of satisfactory terrace· cross sections 
are: (1) Ample channel capacity; (2) cham1el and ridge side slopes 
flat enough to permit the operation of farm machinery along the 
terrace without undue breaking down of the terrace or hindrance 
to tillage operations; and (3) economical cost of terrace construction. 

The customary cross sections for both the drainage- and absorp­
tive-type terraces are shown in figure 9. The drainage-type terrace 
provides cha1mel capacity primarily by means of a graded, excavated 
waterway; the absorptive-type obtains its capacity by means of a 
ridge that floods the excess rainfall over a wide area. The water 
depth of a settled terrace of either type should be from 15 to 22 
inches, and the minimum water cross-sectional area of the channel 
of the drainage-type terrace should seldom be less than 7 to 8 square 
feet. Larger cross-sectional water areas are usually necessary for 
the absorptive-type terrace. Long terraces should have a cross­
sectional area greater than 7 to 8 square feet toward the lower end be­
cause there will be a greater accumulation of water in the lower 
reaches of the terrace. 

The side slopes of the channel or ridge should seldom be steeper 
than 4: 1, and 5 : 1 is preferable Steeper side slopes may be per­
missible in the Southeastern States, where small equipment is gen­
erally used, but the flatter side · slopes are necessary where larger 
machinery is used. The total width of terraces may vary from 15 
to 40 feet, depending on the land slopes and the type of machinery 
to be provided for . 

TERRACE STAKING, REALINEMENT, AND MARKING 

After the prelimi11ary plan for the terrace and outlet system has 
been decided upon and the final terrace spacing and grades selected, 
the staking of the terrace system can be begun. The person doing 
the field staking must understand the use of a level and how to deter­
mine grades, elevations, slopes, and vertical intervals. He must also 
have had sufficient experience in terrace construction to know how 
far it is practical to deviate from the trne grade lines in the final 
realinement of terrace stakes. 

PRELIMINARY STAKING 

Random stakes should first be set to mark the location and approxi­
mate width of the outlet ditch or ditches. The upper terrace is then 
staked, the drainage divide being used as a starting point from which 
to measure the vertical interval for the first terrace. An exception 
to this rule may be made if it is desired to have a definite location 
for some particular terrace i11 the system. This terrace would then 
be located first, and a sufficient number of terraces staked between it 
and the drainage divide to insure that the maximum vertical interval 
for any one terrace would not be exceeded, and any reduction neces-
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sar y in the spacing of terrnces could be divided proportionately. 
After the upper t.errnce is st.aked, each of the succeeding terraces is 
staked in turn. 

In order to get proper alinement of terraces at the outlet ditch 
it willns11aJly be fmmd most convenient to start staking at the outlet 
end of the terrace. The selected terrace-channel grades can then be 
nst>d to locate all ot.ltt>r sta kPs from there to the other end of the ter­
race. If tl~e outlet. ditch has terraces emptying into i t from one side 
only, there is 110 prnticul ar advanta~e in starting to stake a terrace 
from t.he outlet end. Stakes shonld be set at 50-foot intervals except 
on cnnes and through drn·" ·s, where a 25-foot spacing should be used. 
It is cnstomary and nsllilll)- most convenient to h ave the stakes indi­
cate the location of the center line of the ultima.te terrace r idge. 
There is not , hmveYer, any objection to setting the stakes so that they 
indicat·e the center line of the channel or a line mid'"Yay between the 
ridge and channel if the fi eld surveyor prefers to follow either of 
th t>se practiees. It is not a I ways possible to secure the most satis­
factory terrace Jay-ont in the first attempt. After a few lines have 
lwe11 staked, topographical frat.ures will sometimes be encountered 
t"lw.t will favor ch anges in terrace lines. If such changes ar e exten­
sive it is usually best. to pnll np all stakes set and star t oYer again. 
Even experienced engineers cam1ot always select the most desirable 
starting point without. first· sett.ing a few preliminary stakes and 
then making- such readjnstmenf·s as seem desir able. 

R E ALINEMENT OF TERRACE LINES 

After the terra ce hne ktYe. been staked some realinement is usu­
:tlly necessary on each proposed terrace in order to eliminate undesir­
able sharp cnnres, to obtain greater ease of construction, and to 
secure a. fini shed terrace that will offer a minimum of inconvenience 
in later tillage opera.t.ions. 

The realinement needed will vary with the relief of the field but 
will nsua.lly consist of moYi ng certain stakes up or down the slope 
where there are sharp cmTes in terrace lines until the most desirable 
t en·ace line is secnred. The general procedure is illustrated in figure 
18. Good fi eld j ndgment m nst be exercised in order .to secure the 
most sn tisfactory real i npm ent of terraces. 

The movement of terrace lines up and down slopes will of neces­
sity be restricted by the drn in age and construction features en­
countered. Psna lly the straightening should be limited in upward 
'1110Vemen t c O t.hat. no t more tha.n 6-inch addit ional cuts will be 
npcessary in the tena ee chnnnel. An exception might be made when 
n wide sweeping bow can be eliminated by a slightly deeper cut, 
proYided t.he other terraces of the system will follow uniformly. The 
stra ightening of terracPs t-hroug-h depressions should not be such as 
"-ill introdnce excessive ridge heights and pond areas. Usually the 
maximnm riclge he.ln·h t. shonld not exceed 3 feet. If a gully has 
formed, the settled hPigh t of the terrace ridge above d1e break or 
fill in t·he gnlly shonld st> ld om exceed 3 feet. 

MARKING TERRACE LINES 

If a final clu•ck of the tPrra ce and outlet locations shows th at the 
entire lay-out will · be saJ isfndory , the terr ace lines should be marked 
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with a plow :furrow since stakes are easily lost and more difficult 
to :follow with the larger terracing equipment. 

If the :farmer or landowner has not assisted with the staking it 
is desirable that he go over the proposed terrace lay-out in detail, 
preferably plowing out the terrace lines himsel:f so that he can :fully 
visualize the complete lay-out. H e should be informed o:f all the 
construction details .necessary and particularly o:f any probable ad­
ditional work such as fills across gullies or excavations in the outlet 
ditch. 

Depr ession 

UUIUII IJI/11 

-·X----.1(-- --x-- Terroce lncorrecl 

FIGURE 18 .- Healining the terrace line by straigh tening sharp curves through depressions 
and over r idges fa cilitates both tel'l'ace construction and ti llage operations. 

TERRACE CONSTRUCTIO N 

Within the last :few years there has been considerable develop­
ment in methods o:f terrace construction because the recent increase 
in terracing activities has directed attention to construction phases 
and to the improvement and development o:f terracing equipment. 
The first problem in terrace construction is that of securing the most 
suitable equipment and the second that o:f properly manipulating it. 
In finishing the terraces additional work is often required to fill low 
.eoints on the ridge, bring high points in the channel down to grade, 
fill gullies, and connect the ends o:f terraces with outlets or complete 
them across :fence lines. 

EQUIPMENT 

Machines designed especially for terrace construction give the most 
satisfactory results, but other equipment such as road graders, ditch­
ers, scrapers, plows, and drags may be used if regular terracing equip­
ment cannot be secured (fig. 19) . Small blade terracers, scrapers: 
V -drags, and plows, pulled by farm tractors, horses, or mules, have 
been used for the construction of a large part of the terraces in the 
United States today (fig. 20). Considerable time is required to con­
struct terraces with this type o:£ equipment, and there is therefore a 
tendency to stop before an adequate cross section has been secured. 

The most economical terracing can usually be done with the heavier 
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Ft ta JRE 19.- Ten·ace const ruct ion wi th th e plo w and V -d rag. I t requires con:-;iflen tbl e 
WOI'k to develop sa ti s factory te rraces with this type of equ ipmen t. 

FIGU RE 20.-Satisfactory terraces can be constructed ""itb ~mall blade ter racers a nd the 
regular farm tracto r, prO\' ided a sufficient number of rounds are made to develop ade­
quate cross sections. 
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tractors and specially designed terracing machines (fig. 21) . The 
10-foot-blade terracer with the 40- 50-horsepower crawler-type tractor 
seems to be meeting with the greatest favor at the present time. The 
initial cost of this equipment is comparatively high, and it is imprac­
tical for most farmers to make such an investment for their own ter­
racing. It is therefore desirable to provide means whereby the indi­
vidual landowner can take advantage of the more desirable terraces 
and economical construction costs resulting from the use of satisfac­
tory terracing machinery without the necessity of making such large 
initial investments. An attempt is being made to accomplish this 
objective by several different methods, but few of. these have been 

FIGURE 21.- Terracing with a 10-foot blade terra cer and crawler-type tractor. This type 
of equipment is used extensively for terrace construction . 

established for a period long enough to warrant definite recommenda­
tions as to the most desirable procedure. 

In some States, counties are authorized to use county road equipment 
or to use county funds to purchase terracing equipment. F armers 
usually pay the operating costs and, in some instan~es, small addi­
tional amounts to cover any proportionate part of the equipment 
charges. Where State laws do not provide for this procedure, groups 
of local farmers organize associations, purchase machinery, and rent 
it out to farmers on a cost basis. Or one or more farmers may pur­
chase a terracing outfit and after they complete their own terracing, 
contract to do their neighbors'. In some areas where the demand for 
terracin~ warrants it, private contractors are entering this field and 
seem to be doing the work very satisfactorily. 

Two new terracing machines operating on principles quite different 
from the blade terracers have been developed recently-the rotary 
type (fig. 22), at the Iowa State College, and the modified elevating 
grader type (fig. 23), at the University of Missouri. These machines 
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FrGUHE 22.-'l' he rotary-type terrncer developed by the Ag ricultural Engineering Depart­
m Pnt of Iowa ~tat·e College. 

FIGUI<>: 23.- 'l'be e levating grader-type te rrace r developed by the Agricultural .t<;ngineering 
Department of the University of Missouri. 
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appear to be effective for certain conditions because of their rela­
tively low power requirements and high capacity for terrace con­
struction. They have an advantage in the comparatively low invest­
ment required for terracer and power unit, in low operating cost, 
and in the ease with which they can be transported to scattered work, 
but they are not reversible, nor have they been extensively tested 
under all conditions. 

CONSTRUCTION PROCEDURE 

In terracing a field the uppermost terrace should be constructed 
first, and after it, in turn, each succeedino- terrace down the slope. 
If the lower terraces are constructed first they are likely to be badly 
damaged should a rain occur before the upper ones are completed. 
The top t-errace should not only be constructed first, but it should also 
be especially well constructed because the safety of the lower terraces 
is dependent upon it. If the top terrace fails, the other terraces down 
the slope are very likely to fail, owing to the overload they will 
receive. The delayed terracing method (extending the construction 
of all terraces in a field over a period of several years), which has 
been advocated in some areas in order to initiate terracing over a 
larger area without increasing the expenditure of time and funds, is 
a dangerous procedure and cannot be generally recommended. Usu­
ally the few rounds made on each terrace the first 1 or 2 years do not 
provide sufficient capacity to withstand run-off, and much overtop­
ping and damage to the field results. Terraces are sometimes not 
completed to sufficient size, and they remain a source of trouble there­
after. It is desirable to complete the construction of terraces in as 
short a time as possible, but when the work must be distributed 
over a period of years the practice of constructing a few of the upper 
terraces the first year and building additional terraces each succeed­
ing year is to be preferred to the practice of starting all the ter­
races at one time and doing only a little work on each terrace every 
year untiJ all are completed. 

The practice of doing only the main excavating and earth moving 
with the terracing eqmpment reduces initial construction costs and, 
if necessary, can be recommended provided the terraces are watched 
carefully during the first year or two. Sufficient work should be done 
with the terracmg equipment, however, to obtain minimum channel 
requirements for the area. Later, if the field is properly plowed and 
disked, these operations will smooth down the terrace slopes and 
enlarge the channel so as to provide the recommended factor of 
safety. 

I t requires considerable experience and perseverance to develop 
proficiency in terrace construc6on. The following are a few of the 
more important principles to be observed in the operation of terracing 
equipment : 

1. Unless necessary, never remove soil from areas that later will require 
filling. 

2 .. Move the soil as few times as possible. 
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3. It is generally easier to move soil clown the slope. 
±. It is difficult to moYe loose earth OYer loose en rtll with a blade terracer. 
5. Ea r th ca n be mo~·ed most efficiently if the bla de is cutting some undisturbed 

earth n t all times. 
6. Move as much earth each trip as the power will permit. 
7. Regulate the blade so that uniform cuts will be ~ecured. This is pa rtic­

ularly impor tant on cur ves. 
8. Do not disturb the topsoil from a wider a rea than is necessa ry. 
9. It is usually desirable to secure the necessa ry terrace height as early 

during construction as possible. 
10. Under mrying soil conditions adjust the angle of the blade so that satis­

factory scouring will be secured. 

I n building terraces all the earth may be moved from the upper 
side or a part from each side. H eretofore the practice of moving the 
earth from both sides ,,-as common, but the trend no,,- is toward 
constructing more and more of the terrace from the upper side. 
This is particularly true of the drainage-type terrace. which is used 
w·here a definite cha1mel above the terrace is desired (figs. 24 and 
25) . In areas where a comparatively narrow drainage-type terrace 
is suitable, it has been found most economical to construct all of the 
terrace from the upper side. In other areas, particularly on the 
slopes above 3 or 4 percent, only a small portion of the terrace is 
constructed from the lower side. This construction necessitates re­
versible-type machines if the most efficient use of equipment is to be 
obtained. 

In areas where water conservation is desired and the absorptive­
type terrace is used, construction from both sides is advisable because 
this type of construction gives a wide, high ridge with a minimum 
depression above or belo·w the terrace and is suited to the relatively 
tta t slopes in these areas (fig. 26) . When some construction is done 
from the. lower side of a terrace, care should be exercised not to leave 
a distinct channel belo>~ the terrace .ridge in whi ch run-off may accu­
mulate ::mel possibly break over at low points, Such concentration 
usually leads to nndesirable " ·ashing between terraces. 

When it is necessary to construct terraces with horse- or mule-drawn 
equipment., the sn"lall blade terracers, the wooden V -drag, the plo·w, 
or the scraper can be used. It has often been found desirable to use 
the plo>~ in combinat ion with one of the other implements for most 
satisfactory results. The terrace is usually started by backfurrowing 
to the terrace ridge for several rounds with the plow, and then suffi­
cient trips ai:·e made " ·ith the small blade terracer or the V-drag to 
complete the terrace section. In some soils it is necessary to plow 
ahead of the small terracers each trip in order to obtain sufficient 
penetration to throw up earth enough to form a terrace. 'When the 
fresno or slip scrapers are used, the team is usually driven in a 
eircular path over the terrace, the scraper being filled above and below 
the terrace and dumped along the ridge as it crosses each time. When 
small equipment is used, farmers should be prepared to spend con­
siderable time in constructing their terraces in order that they may 
be developed to a cross section of sufficient size before being put to use 
(fig. 27). 
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FIGURE 24.-Pr ogressive steps in constructing a drainage-type terrace in the Southeast 
wit h a 10-foot blade terracer. The terrace is constructed from the upper side only. 
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1<-JGURE 25. - Progre,·sh ·e stejJS in constructing n d rainage-type terrace in the .I.Lidwes t wi th 
a 10-foot blade terracer. The terrace is constructed from the upper s ide on ly. 
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Original Ground Line 3-Percent 

Cross Section after Settlement and Cultivation 
5 0 5 10 

Scale in Fe et 

FIGURE 26.-Progressive steps in constructing an a bsorptive- type terrace in the Great 
Plains with a 10-foot bla de terracer. The terrace is constructed from both sides. With 
inexperienced operators and on cert a in soil types it may be desirable to secu re the 
necessary cen ter height during the first few rounds. 

SUPPL-EMENTAL WORK 

Where terraces cross gullies or even slight depressions it is neces­
sary to do some extra fill work in order to maintain the proper terrace 
location and ridge elevation. A slip scraper, fresno, or rotary scraper 
is usually used for this work (fig. 28). Failure to build fills properly 
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FI C: GRE 27.- Partly const ructed te rraces in t he Great Plains. w here s lo pes a re relath·e l.r 
fl a t a nd uni form. 

F IG UR E 28.-l\laking use of a s lip scratJer and team to fill low places in a t erra ce r idge. 
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is a common cause of trouble in terracing. 'Where an appreciable 
gully has developed, the fill should be made so mew hat in the manner 
required for earth dams. It must be well compacted and impervious. 
A substantial bond should be provided between the fill and the gully 
sides. The fill must be made high and wide enough to prevent over­
topping or wash-outs. Usually the height of the terrace at points 
where rills are made should be 'increased 15 to 20 percent to compen­
sate for the extra settlement that will occur in the filled portion. 

If terraces are to be continued from one field to another, it will be 
necessary to build the intervening section by hand if a hedge or fence 
that cannot be removed prevents construction of this part of the 
terrace with the regular terracing equipment. I t also is frequently 
necessary to do some hand work 011 terraces where outlet ditches or 
field fences prevent the regular equipment from going the full 
length of the terrace. It is important that all such parts be com­
pleted to full channel capacity as one weak place in a terrace is suffi­
cient to cause its failure. 

A terraceeannot be considered complete until it has been carefully 
checked for correct grade and height. To assure proper channel 
capacity and the flow of water in the direction desired, low places on 
the ridge and high spots in the terrace channel should be marked and 
corrected before the equipment leaves the field. On the level terrace 
it is usually necessary to determine only the low points in the ridge. 
The level and rod are used in checking, and sufficient rearungs ars 
taken to determine accurately where corrections are necessary. Eleva­
tions and grades should be checked very carefully around bends and 
across gullies and at terrace outlets. A common fault in terrace con­
struction is to provide too much grade near the terrace outlet. If 
correctional work is required over an appreciable length of the terrace, 
it can usually be done most satisfactorily by using the regular ter­
racing equipment. 

COSTS 

So many variables affect the cost of terracing that it is difficult to 
find two jobs that cost exactly the same per linear foot of terrace. 
The most important variables are the nature and condition of the 
soil; the lenjoth of terrace; the topography. size, and condition of the 
field; vegeta cover; kind of equipment used; and the experience and 
skill of the terrace operator and the vigor with \vhich he pushes the 
work. Wet or heavy soils are more difficult to terrace than sandy 
or moderately dry, soils. Other conditions being equal, short terraces 
cost more per unit of length than long terraces, owing to the time lost 
in more frequent turning. A heavy covering of long grass or weeds 
interferes with the progress of the construction work, as do gullies, 
rocks, sprouts, or stumps. 

The difference in cost of identical terraces constructed by two dif­
ferent operators may be as much as 50 percent because of the differ­
ence in the skill of the operators. Farmers ordinarily do not have 
sufficient terraci11g to do on their own farms to become proficient in 
the operation of terracing equipment, and until an operator develops 
sufficient skill the cost of construction will always be high. This ·is 
one of the chief reasons why county terracing associations or terracing 
contractors employing skilled operators can usually build terraces 
more cheaply than can farmers who operate their own equipment. 
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\Vhen soil conditions are favor::tble, slopes uniform, and efficient 
terracing equipment aYailable it is often considered tha t the cost of 
terracing a field is about the same per acre as the cost of plowing that 
same field . \Vhen conditions are unfaYorable (heavy soil, frequent 
rocks, stmnps, or gullies, and irregular topography ) , terracing may 
run as high as $10 or more per acre. It is to be noted that the terrac­
ing costs mentioned here do not include the cost of outlets, but cover 
only the actual cost of constructing the terraces. 

Since there are so many variables affecting the cost of terrace con­
struction it is very difficult to comp::tre costs from differ ent areas . 
Table 2 gives terracing costs at a number of the Soil Conservation 
SerTice demonstration projects. Costs on performance of different 
types of terracing equipment after as many of the variables as pos­
sible have been eliminated are given for individual States and groups 
of States. The equipment rates \Yere determined by using the aver­
age cost s submitted by the projects for the •arious types of equip­
ment. An operator 's aYerage wage of 37 cents per hour was used, 
and only the time and cost actually necessary to construct the ter­
race were included. No lost tim.e, supplemental fill work, or outlet 
work was considered . The costs shown for these States indicate the 
cost of terracing with equipment that is representative within the 
several States. The table also shows the terracing cost in four re­
gions of the Soil Conservation Service. The types of equipment used 
were somewhat similar to the types used in the States. These costs 
include the actual rates submitted from the field, lost t ime, and r e­
pairs. Staking, supervision , fill work, outlet work, and overhead are 
not incl ucled . 

'l' ARLE 2.-Average cost of terra.ce G011Struction 011 Soil Oonse1·va.Uon Service 
detnonstntti 011 p·ro]ects' 

A ver- rrerraces Earth Total Cost 
State or region ' 

Power rrerracer age co n- per 'r im e cost per 
of t rac- slope structed mi le worked per cubic 

tor mile )rard 
-- - - - ---------

Per- Oubic Dol-
P low cent 1\!liles yards Hours Dollars tars 

rtlinois, Iowa, M issonr L _ 3-4 Rotary ______ ____ ----- - 3-8 19. 2 1, 984 615.6 32.06 0. 016 
Iowa, lVIissouri_ ________ _ 3-4 E levator grader_ ______ 5-7 5. 7 2, 000 168. 0 29. 02 . 015 

H orse-
power 

North Caroli na, nJ inois_ 20-25 2-wheel, 8-foot blade ___ 6-7 24.7 1, 113 702. 0 38. 08 . 034 Oklahom a __ ___ ________ __ 35-40 4-wheel , 9-foot b lade ___ 3 60. 3 2, 351 1, 172. 0 31. 04 . 013 D o _____________ _____ 40 4-wbeel. 10-foot blade __ 3 32. 3 2, 119 533. 0 26. 49 . OI3 
Ala bam a , Sou t h Caro- 35-40 2-wheel, 10-foot b lade __ 4-9 378. 8 L 417 6. 186. 0 24.33 . O!i 

lina, Virginia, Louisi-
ana, M issouri, Okla-
hom a. 

Georgia ____ ______ ___ __ __ _ 55 
_ ____ do __ ___________ ____ 8 102. 3 1, 020 1, 352. 0 21.65 . 021 

Okla hom a _____ --- --- -- __ 50 4-wbeel, 10-foot blade __ 3 23. 8 2. 599 454. 0 35. 14 . 014 
Texas __ _ -- - -- ----------- 50 4-whee l, 12-foot blade __ 2 86. 0 1. 961 1, 380. 0 33. 00 . 017 
Re~ion 2 ___ __ _____ ____ ___ 40 10-foot b lade ____ __ ____ 3-8 5. 017. 0 1, 331 77. 741.0 22.39 . 017 Region 4 ___ ______ _____ ___ 40-50 10- to 12-foot blade ___ _ 3-5 1, 059.2 2. 599 25. 247. 0 38. 19 . 015 

~~~~~ L :::::::::::::: 30-40 8- to 1Q-foot blade ____ _ &--8 230.5 2. 138 8. 498. 0 'M. 04 . 025 
40-50 10- to 12-foot b lad e ____ 3-5 L 212.0 2. 352 29. 320.0 33.85 . 014 

' Cost of outlets is not included. 
' The Sta tes that com pose t hese reg ions are indicated in fi g. 1. 
3 H igher costs are in part due to the newness of the work and to inexperienced operators. 
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The following figures give costs of terrace construction with small­
blade equipment and animal power. The rates used are arbitrary 
and are applied for purposes of comparison only. That these ter­
races have small cross sections is evidenced by the low earth yardage 
per mile of terrace. It will be necessary to rework many of the 
terraces, particularly those reported from South Carolina and Geor­
gia, in order to obtain the necessary cross-sectional area. 
State: South Carolina. (Average slope 6 percent ; data from one-half 

mile terrace construction.) 
Equipment: Six mules on 8-foot blade terracer ; three mules on terracing 

plow; and two mules on turn plow. 
Total mule cost per mile of terrace, 105 hours at 15 cents per hour_ ____ _ 
Total equipment cost per mile of terrace, 33 hours at 2 cents per hour_ __ 
Total labor cost per mile of terrace, 49 hours at 30 cents per hour_ ___ _ 

$15. 75 
. 66 

14. 70 

Total cost per mile of terrace_ _______ ___ ____ ____________ ___ ___ 31. 11 

Cubic yards fill per mile of terrace_ __ ___ ___ ___ ______ ___ ____________ ____ 620 
Total cost per cubic yard of filL _____ __ ___ __ ____ ____ __ ___ ____ ____ ___ $0. 050 

State : Georgia. (Avera·ge slope 4 percent; data from 1.19 miles terrace 
construction.) 

Equipment : Four mules on 8-foot blade terracer and terracing plow. 
Total mule cost per mile of terrace, 112.4 hours at 15 cents per hour_ __ _ 
Total equipm ent cost per mile of terrace, 28.1 hours a t 2 cents per hour __ 
Total labor cost per mile of terrace, 56.3 hours at 30 cents per hour_ __ _ 

$16. 86 
. 56 

16. 89 

Total cost per mile of terrace__ ___ ____ _____ ___ __ ___ __ _______ ____ 34. 31 

Cubic yards fill per mile of terrace __ _______ __ ___ ____ __ ___ ________ _: ____ 465 
Total cost per cubic ·yard of filL ____ ____ __ ____________ ___ ____ __ ____ __ $0. 074 

State : Texas. (Average slope 3 percent; data from 1 mile terrace con-
struction.) 

Equipment : Six oxen on terrace grader. 
Tota~ oxen cost per mile of terrace, 660 hours at 5 cents per hour_ ___ ___ _ 
Total equipment cost per mile of terrace, 110 hours at 3 cents per hour__ 
~rotal labor cost p er mile of terrace, 110 hours a t. 30 cents per hotv·----- ~ 

Tota.l cost per mile of terrace __ __________ ___ _____ ___ ___ ____ ___ _ 

$33. 00 
3.30 

33. 00 

69. 30 

Cubic yards fill per mile of terrace (estimate)-------- - - -------- - --- 1, 466 
Total cost per cubic yard of filL _________ _____ ____ ___________________ $0. 047 

FARMING TERRACED LAND 

The construction of a well-designed system of terraces does not 
in itself stop erosion. Construction is only the initial stage, and the 
success of the terraces depends on whether they are properly main­
tained and farmed after construction. Too often erosion-control 
efforts cease. with the construction of the terraces, and the expendi­
ture for construction is wasted because. of subsequent faulty cropping 
and tillage practices. A surprisingly large. percentage of the. terraces 
that have been in use for 5 years or more are no longer effective 
because the continued practice of one-crop farming and tillage up 
and down the slopes have reduced the capacity of the terrace. chan­
nels to such an extent that frequent overtopping has resulted. Such 
terraces have aggravated rather than alleviated erosion. This is 
true of both the old terracing areas, in the South, and the newer 
ones, in the. Central States. 
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Terraces must be supported by adequate tillage and cropping 
practices in order to maintain them, to minimize erosion bet.,Yeen 
them, and to impro•e the soil. 

One of the most desirable tillage practices for terraced land is 
contour farming- the plowing and planting of crops parallel to the 
terraces. This produces a series of miniature depressions and ridges 
bet11·een terraces, and these aid in moisture conservation and erosion 
cont rol. Operating tillage equipment parallel to the terraces, par­
ticularly equipment that penetrates the soil , also r esults in minimum 
damage to the terrace ridge and channel (fig. 29). By plowing par­
allel to the terrace and regulating the location of dead furrows and 
bacldurrows, terraces can be maintained and their cross sections 
changed so as to provide the most desirable slopes for any particular 

FrGUHE 29.-Conto ur plowing the interva l between terraces aids in moisture conservation 
a nd e rosion control and facilitates p roper te rra ce maintenance. 

field (figs. 30 and 31). The method of locating dead furrows and 
backfurrows to enlarge or maintain the channel of the drainage-type 
terrace and the ridge of the absorptive-type terrace is illustrated in 
figure 32. The location of the other backfurrows and dead furrows 
may be varied from year to year according to the surface· condition of 
the field and the most convenient manner of finishing irregular strips 
or short rows. It is desirable to turn uphill as many of the furrows 
between terraces as possible. 

The irregularity of surface slopes and the differences in terrace 
sections and types of equipment used Il1ake it difficult to establish 
definite rules for plowing terraced land so as to maintain the terraces 
properly and adjust surface slopes. Considerable ingenuity must be 
exercised by the plowman since the starting and finishing points will 
vary not only from field to field but from year to year on the same 
field. He must keep in mind the most desirable terrace cross section 
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FIGURE 30.-A terrace ridge can be made wider and the side slopes r educe(] by bacl<fun·ow­
ing toward the ridge. 

FI GURE 31.- Plowing a drainage-type ten·ace in order to maintain proper cross section. 
Note how t he channel is being plowed out and bow the terrace has been blended into 
t he lower slope. 
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a.nd the principle of maintaining and developing the channel by 
plowing it out, of maintaining the ridge by backfurrowing to it, and 
of varying the other dead furrows and backfurrows over the field 
so as to develop the most desirable surface slopes between terraces. 

The two-way plow is not commonly used for plowing unterraced 
fields, but it appears to have some distinct advantages for plowing 

FIGURE 32.-Maintaining t erraces by plowing: A, The cha nnel of the drainage-type ter­
race can be enlarged by plowing i t out. Between channels turn a s ma ny of the furrows 
uphill a s possible to offset the na t ura l soil mo Yement down the slope. B , The ridge of 
the absorptive-type ter race can be enlarged by ba ckfurrowing to i t. Tile location of the 
deml ft!rrow should be ,·at·ied f rom reat· to year to a void excessive depression at any 
one powt. 

terraced fields. It will eliminate the necessity of backfurrows or 
dead furrows in undesirable locations. A further advantage is that 
the furrows between terraees can be turned up the slope. This will 
give the soil an upward movement that will partly offset the natural 
downhill movement caused by erosion and tillag-e. This type of plow 
has been used in plowing terraced land on several of the experimental 
farms of the Soil Conservation Service and has shown good results. 
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Good terrace sections can usually be maintaiJJed with little or no 
additional maintenance work if contour tillage and proper methods 
of plowing are practiced. Under exceptional conditions, where it 
may not be possible to maintain proper cross sections by the regular 
plowing operations, it will be necessary to use the blade or scraper on 
the terraces at regular intervals. The lighter terracing machines or 
home-made V -shaped drags with ordinary farm power units can 
ordinarily be used satisfactorily. 

In some areas strip cropping is combined with terracing to control 
erosion more completely (fig. 33) . There are several methods of 
arranging the alternate strips of close-growing and row crops on a 
terraced field . The type of rotations, the crops, and the proportions 
of each crop to be produced will determine in part the arrangement 

F •auug 33.- Strip cr oppi11g corubined with terracing. Adjacent strips are cen tered on 
consecutive terraces. The arrows i nd]cate terrace Jocations. 

and width of strips. In combining the two control measures (1) use 
strips as nearly uniform in width as possible in order that rotation 
of crops may be practiced, (2) have at least one boundary line of 
each strip fall between adjacent terraces so that a portion of each 
terrace interval will be protected by a close-growing crop, (3) elimi­
nate point rows insofar as possible by absorbing irregular areas li1 
strips of close-growing crops, and (4) use the minimum number of 
strips that will provide effective erosion control in order that the 
necessary tillage operations may not become unduly complicated or 
burdensome. 

A combination of strip cropping and terracing that provides for 
close-growing crops on alternate terrace intervals and for row crops 
on the intervening one merely complicates the tillage and harvesting 
operations and does not provide any better erosion control than 
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would be effected by terracing and by rotating the same crops in the 
usual method. The most effective methods of combining terracing 
and strip cropping are illustrated in figure 34. 

FIGURE 34.-Tlll'ee suggested methods of combining strip cropping and terracing. 

When a field is in contoured row crops it is impossible to avoid 
short or point. rows unless the land slope happens to be very uniform. 
These point rows may be arranged in many different ways, and the 
arrangement selected depends largely on the preference of the land 
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operator. His choice may be influenced by such factors as past prac­
tice or the type of tillage equipment he uses. Figure 35 indicates 
three of the more common row arrangements, showing point rows in 

- CENT, R F HANNEI.!. _._ -

---t-_!_..!... ____ _ 

TERRACE RIDGE• 

~- ,... - - -CENTER 

- ~ - -CENTER OF CHANNEc-
---

Point Rows Between Terraces 

F IGURE 35.-Tbree suggested a rrangemen ts of point 1"0\YS in relation t o te rra ces. 

the terrace channel, at the base ·of the terrace ridge, and between 
terraces. 

Many combinations of these anangements are possible. The rela­
tive merits of each will depend largely upon local conditions and indi-
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vidual choice. A combination that appears to have some merit is to 
run the long rows parallel along alternate terraces and allow the short 
or point rows to terminate along the intervening terrace. By this 
method only every other terrace will receive point rows and these 
will terminate both in the channel and against the ridge. It is con­
tended by some that terminating point rows on the terraces is con­
ducive to erosion because these rows are slightly off the contour and 
they also tend to concentrate the turning of cultivating machinery on 
the terraces. This objection can be offset to some extent by always 
using parallel rows on the area occupied by the terrace and by ending 
the point rows just above or below this area. The third arrangement 
suggested in figure 35 throws point ro,Ys between terraces and more 
nearly equalizes the digression of the point rows from the contour. 

The Soil Conservation Service demonstration project a.t Meridian, 
Miss., has developed a row arrangement (fig. 36) that reduces even 
more the variation of the point ro,-,s from the true contour. One or 
more master rows are equally spaced between terraces, and the point 

F JGU n >: 36.-Arranging point 1·ows between mas te r rows on te r raced land [) laces all t he 
rO\YS more nearly on tile contour tban does a ny of t he methods shown in figure 35 . 
This is t he most intricate of t he four ~uggested arrangements. 

rows are allowed to fall bet"·een the master rows or bet"·een the 
master row and the terrace, according to the row arrangement used. 
This arrangement of rows requires more field ''ork than any other 
discussed in this bulletin. 

It should again be emphasized that terraces require frequent inspec­
tion, particularly during the first year after construction. ~>hen the 
ridges and fills are settling. During this period they should be 
inspected after each heavy rain. If breaks in the terrace are dis­
covered they should be repaired as soon as possible. If the run-off 
has concent rated between terraces and washed silt barriers into the 
channel these should be removed so that the channel will be clear 
for the next rain. This work can usually be clone most conveniently 

. with a shovel at the time of inspection. Ordinarily the most careful 
inspection is required where the terrace crosses gullies, where bends 
occur, and at the outlet end. 

Some farmers object to terracing because they believe that it ·will 
interfere with their regular farming operations. At the same time 
they usually fail to appreciate the fact that the gullies that are gradu­
ally developing on their farms will eventually cause more serious in-
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F l GU IU; ~ 7 .-Farm machine ry can be sai i,fartoril y operated over te rraces if t hey a re prop­
erl y construc1ed nnd if co ntour i.i ll nge is pra ct iced, as shown in the three pictures. 
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terference with their farming operations than terracing possibly 
could and that the continual loss of topsoil will eventually make their 
entire farming operations futile. Farming terraced land is not 
unduly difficult if the farmer is willing to give up straight rows 
and t ry contour farming (fig. 37) . Although contour farming intro­
duces minor inconveniences it is usually found that the advantages 
far outweigh the disadvantages. Farmers have found that even the 
turning of equipment necessitated by short rows is not, nearly as 
difficult as was anticipated. After the operator becomes accustomed 
to point rows he can carry on his regular farming operations with 
very little damage to crops. It has also been found much easier to 
operate machinery on the contour than up and down hill. 

Much more satisfactory results from terracing will be secured 
if farmers will adopt with regard to their terraces a. policy similar to 
that followed by ~tate highway departments with regard to their 
highways. Both highways ai1d terraces must have good design and 
construction features and should be used and maintained according 
to recommended practices. With proper use and care terraces will 
ordinarily function for many years. 
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F l GIJRB B7.- li'arm machinery can be sal1s l'aetorily operated over terraces i f they are prop­
e rly construc ted a nd if contour t illage is p l'acticed, as shown in the t hree pictures . 
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