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SUMMARY 

Good soil management and soil-erosion control go hand in hand. It is 
unwise to apply fertilizer, lime, manure, and to sow seed only to have them 
washed away because of lack of er.osion control. 

The steeper cropped lands should be occupied most of the time by soil
protecting crops, such as small grains and the pasture and hay grasses al)d 
legumes. . 

The leveler land is the best place to grow such soil-exposing crops as corn, 
potatoes, and beans. 

On nearly all slopes, plowing, harrowing, seeding, and cultivating should 
be on the contour. 

On long slopes particularly, soil-protecting crops in contour strips alter
nated with soil-exposing crops help greatly to prevent soil erosion. In many 
places channels are needed to carry water from the slopes. 

Steep, eroded, or easily erodible land should be in forest. 
Gullies should be checked as soon as possible after formation. Filling them 

with straw or brush or planting grasses and legumes,·vines, shrubs, and 
trees in them is helpful. In many places, particularly in pastures, shallow 
channels are used to carry water away from gullies and to give vegetation 
an opportunity to become established. 

Windbreaks and cover crops hold muck and sand from blowing. 



THE CONTROL OF SOIL EROSION IN NEW YORK 
A. F. GusTAFSON 

B
EFORE the white man came to the area that is now New York State 

the land was covered almost entirely with forests. Such forests con
stituted one of nature's best means of protecting sloping lands. The' 

fallen leaves and twigs absorbed much water, and, by covering the soil, 
protected it from the beating action of raindrops. This cover and the under
brush, together with the fibrous roots of the trees and the open, absorptive 
condition of the soil, prevented loss by washing or soil erosion. More than 
half of the farm land in this State has undergone or is subject to fairly 
severe erosion, and much of the remainder suffers some loss if not well 
protected. 

It has been between seventy-five and one hundred years since man cut 
the timber on the hilly lands of the State and placed the soil under cultiva
tion. During the first few years 'of cropping, the undecayed rootlets, twigs, 
and leaves prevented serious loss of soil. Through continuous cropping, 
however, nature's protection has d~yed and disappeared. · 

Plowing, planting, and cultivation usually have been parallel to roads and 
fences in fairly straight lines without regard to slope (figure 1). On even 
moderate slopes rainwater collects between the rows of cultivated crops and 
in furrows or other depressions. The longer the slope the more water col
lects, and the steeper the slope the faster the water flows. As the speed of 
the current increases, larger and larger 1 soil particles are carried in the 
water and larger pebbles and stones are rolled or pushed along by the water. 

As the slopes were cropped year after year, heavy dashing rains carried 
away some of the surface soiL The topsoil to a depth of 6 or 8 inches, or 
a little more, is the soil from which crops obtain much of their plant food. 
Consequently, topsoil is invaluable and should be protected. Runoff water 
collects in depressions left by various implements, particularly cultivators. A 
single shower sometimes makes a rill or gully several inches in width and a 
few inches deep. On fairly steep slopes it is not uncommon to find a gully 
4 inches wide and 3 inches deep between rows of corn, beans, or potatoes, 
following a single heavy shower. With rows 36 inches apart, such a shower 
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A large total rainfall as slow drizzles causes little loss of soil; but rapid 
rainfall leads to severe erosion, particularly on bare slopes. In 1936, 0.7 inch 
of rain fell in 5 minutes, or at a rate of more than 8 inches on hour and 
caused a loss of 17,000 pounds of soil an acre from bare land on the Un~ed 
States Soil Conservation Experiment Station near Ithaca. In contrast, a 
rain of 3.69 inches in 1937, the heaviest of which was at a rate of 1.2 inches 
an hour, during 5 minutes caused the loss of only 546 pounds of soil an 
acre. During the past few years rains of more than 1 inch in 10 minutes and 
even as much as 0.7 inch in 5 minutes have been recorded. Downpours 
of such intensity cause severe washing on sloping bare soils. It is during 
the summer when the soil is bare or not well protected that the heavier 
showers fall. A rain of 1.75 inches fell on land newly-plowed for wheat in 
Onondaga County in September 1941. The fact that New York is subject 
to downpour rains emphasizes the need for protecting the soil as much of 
the time as possible. 

Slope of land 

Both steepness and length of slope have at} important bearing on the 
washing of soil. 

Steepness of slope 
Water flows more rapidly on steep slopes than on moderate ones.1 

Doubling the speed of running water makes it four times as effective in 
scouring or loosening particles. If the velocity is increased three times, the 
scouring ability becomes nine times greater (figure 3). 

The carrying power of water, that is, the weight of the separate particles 
that water is capable of carrying in suspension, is increased more by in
creased velocity than is the scouring power of running water. Doubling the 
velocity of a stream increases its carrying power 64 times; trebling the 
velocity increases carrying power to the almost unbelievable extent of 729 
times. For example, a stream that can carry soil particles that weigh not 
more than 1/100,000 of an ounce can by doubling its velocity carry particles 
that weigh 64/100,000 of an ounce. Although this carrying power sounds 
incredible, it explains how large stones (figure 2) are brought down steep 
slopes. Rounded stones may be rolled along the bed of a stream while flat 
ones are shoved along, or, in places, picked up and carried momentarily. 
Only this enormous increase in carrying power can explain the choking of 
so many stream channels, which must be cleared periodically to prevent 
damage to bottom lands, roads, or buildings .. 

1Siope is expressed in percentagt;. A vertieal drop of 10 feet in 100 f«t of horizontal distance 
ia call~ a .rlote qf 10 tn" cent. A drop of 25 feet, therefore, is a slope of 25 per cent. Levels are 
needed to determine the per cent of slope. The tripod, the band level, or a simple arrangement of a 
carpenttt"s level such as that shown in figure 3, may be used. 
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clay, on the other hand, has such small openings between the particles 
that water is absorbed slowly and much may flow off over the surface. On 
such soils, there is danger of serious erosion unless the surface is well 
protected. 

Tilth, or porosity 

· Absorption may be increased by maintaining good tilth, that is, keeping 
the surface of the soil loose and porous so that it can take up and hold 
rainwater. This increased absorption by reducing runoff decreases erosion 
and supplies water for crops. 

Depth to the subsoil 

The depth of surface material has a bearing on absorption and runoff. 
This is particularly true if the subsoil absorbs water slowly. In rainy periods 
a shallow surface soil above a tight layer soon takes up all the water it can 
hold, and additional rain must run off. This usually causes erosion. 

Stones 
Removing the stones permits rapid runoff, and leaving the stones holds 

the water longer on the soil so that more of it is absorbed. In many fields the 
larger stones must be removed to cultivate crops satisfactorily, but the 
medium-sized ones may well be left on the land. 

Land cover, or cropping system 
The cover of the land largely controls the loss of soil by erosion. Virgin 

forest holds the soil but food and feed crops also are needed. Next to trees 
and shrubs, grasses afford the best protection. Grasses may he widely 
used in the cropping system to excellent advantage, as is shown in table 1. 
The small loss of soil and water from the fertilized meadow was notable. 
Similarly, the loss from good pasture was slight. The loss of soil was 
rather heaVy from corn and from fallow soil. The rotation was relatively 
effective in holding both soil and water. 

TABLE 1. EFFECT OF CROPS ON LossES oF SoiL AND WATER, AVERAGE 1935 ro 1941, 
ARNOT STATION 

(Rainfall 21.2 inches; Bath ftaggy silt loam; slope 20 per cent) 

Losses over 7 years 
Plot Crop and treatment 

Water Soil 

Inches Pound:r an aere 
AS ............... None cultivated 3.74 20,266 
AS ....•.......... Continuous com, 200 pounds 5-lG-5 1.75 6.178 
Al2 ........... -... Rotation: 

Corn. oats, clover; 6 tons manure on corn 0.46 537 
A9 .............. Meadow, fertili£ed 0.18 21 
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Potatoes planted on the contour and ridged do not suffer serious losses 
of either soil or water. Even contour-planted potato land loses both soil 
and water after the crop is harvested and during the following spring before 
the soil is prepared and seeded to the small grain that usually follows in a 
short rotation (figure 6). Rye should be used as a cover crop wherever 
possible. 

Land planted to corn is subject to some loss of soil during winter and 
spring, but ordinarily less than land planted to potatoes under New York 
conditions. In 1937 the rainfall from May through October was 31.3 inches, 
or about one-half greater than the average for this period. Fertilized corn 
lost 6522 pounds of fine soil to the acre in comparison with a loss of 9562 
pounds from third-year unfertilized corn. Fertilizing corn reduced the loss 
of soil one-third. Corn that was grown after clover lost a little .less than 
1000 pounds of topsoil to the acre. And the use of 6 tons of manure an acre 
on the clover sod reduced the loss of soil to 728 pounds an acre. This rela
tively small loss occurred during a season of unusually heavy summer rain
fall which generally produces severe erosion. 

PROTECTING SOILS FROM WASHING 

ALTHOUGH for many years farmers have employed measures to control 
1"\. the washing of soils, some important step has been overlooked and 
. heavy losses have resulted. 

Fertilization 
Fertilization itself does not control erosion, but it does help by' produc

ing thrifty plants and by increasing yields. Moreover, the thriftier plants 
protect the soil against the beating action of raindrops and produce more 
roots to hold the soil together. Furthermore, if the crop· is fed and the 
resulting manure and the crop residues are returned to the soil, the tilth 
is eventually improved. The following measures are inexpensive and may 
easily be put into effect on many sloping farms. 

Winter cover crops 

Even on extremely gentle slopes much erosion occurs in late winter and 
early spring following cor,n, cabbage, potatoes, buckwheat, and truck crops. 
The seed for a cover crop must be inexpensive and easily obtained. Also, 
the crop must be capable of making good growth in this State during the 
times it competes least with the main crop. Rye and oats meet these specifi
cations. Wheat and winter and spring barley also serve this purpose but 
the seed costs mC!re than that of rye or oats. Domestic rye grass sown in 
July or August deserves extensive trial in New York. 
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Rye may be drilled after silage corn has been harvested, after the earlier 
varieties of late potatoes have been dug, or after vegetables in home gardens. 

Although covering the seed is desirable, in some seasons sowing broad
cast is successful. In gardens, the harvesting of late vegetables covers the 
seed enough. The stand of rye sown in cabbage (figure 7), beets, or pars
nips is somewhat spotted as would be expected. Broadcast seeding affords 
better protection than does drilling. If drilled, the cover crop should always 
be seeded on the contour. 

Cover crops take up and use available plant food, some of which would 
be lost if no crop were sown. Moreover, normal growth of cover crops 
protects the soil somewhat from alternate thawing and freezing in early 
spring. During thawing the soil is wet and soft and consequently easily 
churned into suspension by the beating action of raindrops. Much fine soil 
is lost in this way at that time of year~ Also, the cover crop actually hol,ds 
back runoff water and thereby reduces its speed and consequently the loss 
of valuable topsoil, organic matter, and plant food. 

Under current ( 1944) shortages of feed grains, somewhat lighter rates of 
seeding than usual may be used. Best protection for the soil is obtained, 
however, if considerably more seed to the acre is used for winter cover than 
is usually sown for grain production. 

Oats and spring barley may be used if growth the following spring is not 
desired. On Long Island, spring barley and rye are sown together and 
rye alone is used extensively. On Long Island and upstate as well, winter 
cover crops help to reduce spring erosion and should be sown on much of 
the land that otherwise lies bare during the spring thaw. 

Good soil management 

Maintenance of productivity is essential in any erosion-control plan and 
definitely supplements and supports other erosion-control measures. Good 
management requires that organic matter be returned to the soil. This is 
accomplished by plowing under crop residues and farm and green manures .. 
Moreover, adding an abundance of phosphorus and lime as needed to grpw 
clover, alfalfa, and other crops, aids in the production of organic matter and 
increases the yield of crops. Also, the production of such close-growing, soil
protecting crops as meadow mixtures, including legumes, and of the small 
grains prevents exposing the soil. · 

On sloping lands, growing protecting crops in rotation with clean
cultivated, soil-exposing crops, such as corn, potatoes, beans, cabbage, and 
other vegetables, is usually advisable. On gentle slopes of moderate length, 
the maintenance of high organic content and high productivity, especially 
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depleted soils, and the manure itself affords some protection to the soil. On 
the rougher lands, the productivity of meadow or pasture should be main
tained as long as it is economical and then the land should be reseeded 
quickly. 

Contour strips may be plowed for reseeding. The roots of the grasses 
should hold the soil against erosion fairly well through the period required· 
for growing one clean-cultivated crop and a small-grain crop in which a 
meadow mixture may be seeded. Under favorable conditions, particularly 
if the clean-tilled crop is not needed, small grain and the meadow mixture 
may be sown on a well-worked-down sod. It should be possible to reseed 
such soils with little or no erosion. 

On somewhat less steeply sloping and less erodible land, a long rotation 
may be practiced in which grasses and legumes for hay and pasture occupy 
the land for periods of from three to ten years. The longer-term meadows 
and pastures can be kept productive by applications of manure, lime, and 
phosphorus. 

On many farms the homestead is in the valley, with varying acreages 
of good bottom land and sometimes gently sloping adjacent upland. In 
these situations clean-tilled crops may be grown in short rotations or !=On
tinuously on the valley soils. Of course, liberal manuring ·and fertilization 
are essential for maintaining high yields. If high yields are obtained on 
bottom lands, the better part of the erodible hill land may be left in semi
permanent meadow and in pasture. 

If cash crops, silage, and hay must be grown on moderately sloping 
lands, a shorter rotation, such as one of four .years, is suitable. Such a 
rotation properly fertilized on moderately productive land that has not 
suffered heavy loss of topsoil should produce good average yields. Under 
these conditions and on the more productive lands that have a high pro
portion of moderate to steep slopes, contour strip-cropping is good practice. 

Contour strip-cropping 

The production of close-growing, or soil-protecting, and clean-tilled, or 
soil-exposing, crops in alternate contour strips is known as strip-cropping. 
This practice has been carried on for nearly a quarter of a century by one 
farmer in Steuben County. On three other farms, strip-cropping has been 
carried on for several years previous to 1934 (figures 9 and 10). 

Strip-cropping is an older practice in Pennsylvania, Ohio, West Virginia, 
and Minnesota than in New York. In Pennsylvania it was begun by the 
farmers themselves, as they had no land for cultivated crops that was not 
moderately to rather steeply sloping. Because of bad surface washing and 
gullying, they found that something must be done to protect these sloping 
lands. The beginners in each locality placed the strips at right angles to 
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plainly evident on the same slope on the same soil on the adjoining farm. 
The corn rows were definitely on the level or contour. A fair degree of 
prosperity is evident on these hilly lands that have been strip-cropped over 
a period of years (figure 11). 

In Washington County, Pennsylvania, most of the cultivated land in 
two areas is being strip-cropped. One is north and the other south of the 
city of Washington, Pennsylvania. Many of these strips are close to the 
contour and help greatly to hold the soil in place (figure 12). 

Near Wheeling, West Virginia, and near Saint Clairsville, Ohio, are 
two areas where much of the cultivated land has been strip-cropped for 30 
or 40 years or longer. 

Strip-cropping in Minnesota• was started by a Swiss farmer who brought 
the idea from the homeland. Farmers have practiced strip-cropping of their 
own free will throughout a generation, and in places longer, because it is a 
practicable system of reducing loss of soil by erosion and of increasing 
yields on their lands. 

_In New York, strip-cropping as a means of reducing erosion has been 
used generally by the Soil Conservation Service and in the Soil Conservation 
districts in the State. Farmers have noted the washing that resulted from 
crop rows that were off the contour. It is they who have insisted on a layout 
that keeps the rows on the level. Loss of water and, consequently, loss of 
soil are thus lessened and larger yields are produced. 

Arrangement of crops 

Long slopes are common in New York (figure 10). Even though such 
slopes are moderate, large quantities of water collect during heavy rains, 
with the result that the unprotected slopes are badly washed. In areas of 
productive soils, moderately intensive cultivation is the rule. Cropping slopes 
in contour strips helps to conserve the soil while growing soil-exposing 
crops. It is desirable to alternate clover with cultivated crops on part of the 
farm and on other fields to alternate timothy with grain. This arrangement 
has the advantage of keeping a crop all on one field or series of strips in any 
one season. It lessens the distance from one area of potatoes, for example, 
to another, and thus reduces the time lost in moving machinery and work
ing crew from one field to another (figures 13 and 14). 

An example of this arrangement is the following : 

~ffect of erosion on lonr·time strip cropping in Bush Valley, Minnesota. By I. ]. Nygard and 
L. E. Bullard. Soil ConsertJation, Vol. 4, No. 10, p. 239·241, 1939. (U. S. Agr. Dept., Soil Conser· 
vation Service.) 
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Strip 
First 
year 

Third 
year I 

Fourth 
year 

FirSt field or series of slrips 
1 Potatoes Oats Clover Timothy 

· ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' · ' ' · ' ' ' ' ' ' ' ' · ' ' · ' · · · · · · · · · Clover Timothy Potatoes Oats 2 • · • • • • • • ' • • • · · ' • • • ' · ' · ' • • • • ' • ' • ' · ' • ' • ' • · · · · · · · · · Potatoes Oats Clover Timothy 3 ...................................... ,......... p 0 
4 . .. , ... , . , ... , ..... , , , , ... , . , ...... , .. , . . . . . . . . . Clover Timothy otatoes ats 
5 . .. , ..... , ........ , ... , . , . , . , , , .. , . , . , , . , . . . . . . . ·Potatoes Oats Clover Timothy 
6 . ........ , . , ..... , . , , , . , , . , . , . , . , .... , . . . . . . . . . . Clover Timothy Potatoes Oats 
7 . ............ , .. , . , . , . , .......... , .... , . , . . . . . . . Potatoes Oats Clover Timothy 
8, ............ , ... , . , . , ...... , . , . , . , .. , . , . , , . . . . . Clover Timothy Potatoes Oats 

9,., ... , ... , . , ................................... Oats 
10 . . , , , , , , , , , , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Timothy 
11 .. , . .. , ... , ..................................... Oats 
12.,,.,,,.,,, ....... , ........ , ... ,................ Timothy 
13, ......... , ..................................... Oats 
14 .. ..... , ... , .................. , ................ ·. Timothy 
15, .. , ..... ,., ...... , ..... , ....................... Oats 
16 .. ... , .......... · ................ · ................. Timothy 

Second series 

Clover Timothy 
Potatoes Oats 
Clover Timothy 
Potatoes Oats 
Clover Timothy 
Potatoes Oats 
Clover Timothy 
Potatoes, Oats 

Potatoes 
Clover 
Potatoes 
Clover 
Potatoes 
Clover 
Potatoes 
Clover 

An arrangement such as this can be followed on an even number of 
strips in either series. 

On a small farm that has a limited number of strips, the following' 
arrangement is desirable : 

ARRANGEMENT oF CRoPs oN STRIPs IN A SINGLE SERIES OF A Foua-YEAR RoTATION 

First 
Strip year 

! ................................................ . Potatoes• 
Timothy 
Oats 

2 ........ :. ...................................... . 
3 .................. , .............................. . 
4 . .•.............................................. Clover 

Potatoes 
Timothy 
Oats 

5 ................................................. . 
6 ..................................... : .......... . 
'················································· 
8.~ ............................... , ............. . Clover 

*The potato represents dean-tilled, soil-ezposing crops in general. 

:Second 
year 

Oats 
'Potatoes 
Clover 
Timothy 
Oats 
Potatoes 
Clover 
Timothy. 

Third 
year 

Clover 
Oats 
Timothy 
Potatoes 
Clover 
Oats 
Timothy 
Potatoes 

Fourih 
year 

Timothy 
Clover 
Potatoes 
Oats 
Timothy 
Clover 
Potatoes 
Oats 

This arrangement may give somewhat better. control of losses of water 
and soil than the arrangement given above. On slopes of less than 10 
per cent on well-drained soils, a rotation of three years m;1y be desirable, 
especially if only a small acreage of the farm is well adapted' for a special 
crop, such as cabbage or potatoes. In a rotation of three years, the acreage 
of cabbage or potatoes is one-third larger than in a rotation 'of four years. 
The following arrangement is feasible and may be repeated on all the strip~: 
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ARRANGEMENT OF CROPS IN A THREE-YEAR ROTATION 

Strip 

t:::::::::::::~::::::::::::::::::::::::::::::::::::::::::::: 
4 ...•.................•... ··································· 6 ... ........................................................ . 
6 ••...•...•.•................•......•........•............... 

First 
yea, 

Potatoes 
Oats 
Clover 
Potatoes 
Oats 
Clover 

$ea)nd Third 
yeac y .... 

Oats Clover 
Clover Potatoes 
Potatoes Oau 
Oats Clover 
Clover Potatoes 
Potatoes Oau 

A serious objection to this rotation is that oats and potatoes are adjacent 
to each other every year. 

Corn, cabbage, beans, or other cultivated crops may occupy the same 
place as potatoes in any or all of these crop· arrangements. Soil and water 
from cultivated strips are caught and held by the grass, clover, and grain 
below. These close-growing, soil-protecting crops check the runoff· and 
reduce its carrying power. 

In less heavily cropped areas, the grass may be cut for hay 2 additional 
years, thus ma!{ing a rotation of 5 years. On steep or badly eroded land this 
rotation is better than one of 3 or 4 years. Obviously, only one-fifth of the 
land is in a soil-exposing crop, such as corn or potatoes, at any one time 
and four-fifths of the land is in grain and hay, or soil-protecting crops. 
Except on long, steep slopes or with heavy showers, erosion should seldom 
be serious if this rotation is practiced and contours are followed. 

Wherever a 5-year, feed-crop rotation is desired, the following arrange
ment of crops on the strips provides excellent protection against erosion. 
It is best to use 5, 10, or 15 strips, or some multiple of 5 for this rotation, 
to have the same acreage of each crop every year. 

ARRANGEMENT OF CROPS IN A 5-YEAR, FEED-CROP ROTATION 

Strip First year Second year Third year Fourth year Fifth year 

1 Corn• Oau Clover I timothy~ II timothy*t 
2 Clover I timothyt II timothyt Com Oats 
3 II timothyf' Com Oats Clover I timothyt 
4 Oats Clover I timothyt II timothy Corn 
5 I timothyt II timothyt Corn Oats Clover 

6 Corn Oau Clover I timothyt II timothyt 
7 Clover I timothy II timothyt Corn Oau 
8 II timothyt Com Oau Clover I timothyt 
9 Oats Clover I timothyt II timothyt Com 

10 I timotbyt II timothy Corn Oats Clover 

•Com or other soll-expostng, cultiVated crop. 
ti Timothy -first-year timothy; II Timothy •second-year timothy. 

Seldom, ·if ever, may two soil-exposing crops be grown with safety under 
these less favorable soil and slope conditions. 

Under more favorable slope and soil conditions, however, a 5-year cash
crop rotation with two years of exposing crops might be used to advantage 
in place of a 3-year rotation, particularly in western New York. A rotation 
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TABLE 2. PROVISIONAL APPROXIMATE STRIP-WIDTHS FOR DIFFERENT SOILS 

Slope 

P~r unt 
5 (3 to 5 (or Group 4 soils) . ........ , . , , .... . 
7 ........................................ . 

10.0 0 0. 0 0 0 0 0. 0.; ••• 0. 0. 0 •••••••••••• 0 •.• 0 0. 
12 ........................................ . 
15 ........................................ . 
17 ........................................ . 
20 .......... .............................. . 

Good 
drainage 

Put 
125 
115 
100 
00 
75 
65 
50 

Soil groups 

2 

Medium to 
poor drainage 

Frd 
100 
90 
75 
65 
50 

3and4 ,; 

Poor or 
slow drainage 

Put 
75 
65 
50 

A slope of 10 per cent was chosen as the base and 100 feet as the width of 
strip for soils similar to those in Group 1, 75 feet for those similar- to 
"Group 2, and SO feet for soils similar to those in Groups 3 and 4. The width 
of strip is varied 5 feet for a change of 1 per cent in slope toward either 
"leveler" or steeper land. 

On Dunkirk and other lake-laid soils, control measures are necessary 
even on a slope of less than 5 per cent. Cultivated crops may well be grown 
on or near the contour on very gentle slopes on these soils. 

The matter of convenience enters into a determination of strip-widths. 
In Pennsylvania and Ohio, for example, strip-widths are such as to fit 
a desired number of rows of corn shocks. In other places widths that 
provide for full rounds with the potato sprayer are desirable. Some farm
ers will wish to base widths on the two-row corn or potato planter. The 
most important crop or planting or tillage implement deserves considera
tion in determining the strip-width. The widths given in table 2 may be 
regarded as the approximate maximums that are safe under average 
conditions. It may be desirable even in Group 1 to. hold widths to 100 
feet, or less, to maintain a fair degree of uniformity in acreage of strips, 
because uniformity in acreage of each crop each year is essential. 

Laying out strips 

Best protection from erosion through strip-cropping is assured only when 
the strips are on the contour. Various types of level are being used, such 
as carpenter's levels supported on standards, hand levels, and "farm 
levels".• 

In starting the layout, it will be necessary to stake a level or contour 
line across the slope. This line will be the boundary between two strips, a~d 
it may be desirable to locate it at a particular point to fit the slope or layout. 

IGood farm levels mounted on sturdy tripods are ordinarily available at reasonable {'rias, and 
aimple band levels cost even less. The county agricultural agents or Soil Conservation Distr1ct workers 
have information about levels. 
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The procedure is as follows: 

1. Drive a light stake at the beginning of the first contour line. 
2. Locate the level at a point. several hundred feet from the start of 

the contour line, in the direction in which the line is to be run and 
on nearly the same elevation as the stake. 

3. Be sure the instrument is accurately levelled. 
4. Hold the surveying rod at the first stake and note the height of the 

rod reading at the instrument. Since the line is level, the same height 
of rod will be read at all stakes until the instrument is moved. The 
reading may be marked on the rod with a string or rubber band for 
the convenience of the instrument man. 

5. Set stakes about 50 to 200 feet apart along the line, the instrument 
man motioning the rodman up or down the slope until he reads the 
elevation on the rod. Distance between stakes varies with evenness 
or unevenness of the slope. 

6. When the instrument man can no longer see the readings on the rod, 
he must move the instrument to a new location ahead of the last 
stake. After locating and relevelling the instrument, he "backsights" 
to the rod at the last stake, noting the new reading. This reading is 
the new one for the instrument and can be marked on the rod in 
the same manner as the first one. 

7. Now measure from the completed contour line a distance equal to the 
width of strip desired. Set a stake and lay out another contour line; 
lay out additional ones over the entire area in the same way. Each 
line is the boundary between strips and should be marked by a 
shallow furrow to preserve it. Very sharp curves' may be smoothed 
somewhat, but few lines should ,depart much from the. true contour. 
Old healed gullies or other depressions that make sharp bends in the 
contour lines are best left as grassed waterways. 

If care is exercised, satisfactory lines may be laid with a hand level. 

New York farmers who have farmed strips a few years prefer. to keep 
all rows on the contour. This is accomplished by planting along the strip 
border on one side; then planting in the other direction along the opposite 
side of the strip and so on. Short, or point, rows at wide places in a strip 
fall in the middle of the strip (figure 15). T1,1rning in cultivating and 
spraying, as for potatoes, does not injure the stand enough to cut yields 
materially; and excellent .control of erosion is accomplished by planting 
and seeding in this way. , 

Preliminary economic studies in New York indicate that labor is equally 
as efficient on contour strips as on the old type of field layout. On many 
farms the rows on contour strips are considerably longer than on the pre-
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--.... : .::-. -.--

FIGURE 15. PLANTING PLAN FOR CROPS ON STRIPS 

The heavy broken tine represents the contour laid out as the border of strips. Because of uneven· 
ncsses of the slope, the contours are not parallel and short rows are needed to fill in the wider 
places. By this method of planting, all rows arc kept on the contour 

vious "square" fields. In a number of comparisons on moderately sloping 
soils it has been shown that yields are 10 per cent or more higher on contour 
than on uphill and downhill rows. In places, a saving in power has been 
noted on the contour as compared with uphill and downhill tillage. 

Contour farming 

On divides or on narrow fields on gentle slopes that do not receive 
water from other land, crops may be planted on the contour without strip
cropping. All plowing, harrowing, seeding, cultivating, and harvesting is 
on the contour. On a long, fairly steep slope planted to a soil-exposing 
crop, contour tillage alone cannot prevent erosion, yet erosion should be 
less than with uphill and downhill rows and tillage. 

The only feasible way to move soil uphill is to throw the furrow uphill 
in plowing, and this should be done quite generally. 

Nearly all implements leave depressions and ridges in the soil. If uphill 
and downhill, they serve as channels that lead to gullying (figure 16). On 
the contour, these ridges hold water like tiny dams until it soaks into the 
soil. More than 2 inches of rain has been held by potato ridges on slopes of 
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In so far as possible, vegetation should be used to protect the outlet end 
·of channels, partly because of expense. Sometimes, however, concrete, ma
sonry, or stone ripraps are needed to let the water down safely from chan
nels to disposal areas. 

To operate correctly, the fall in a channel must be uniformly accurate 
( 1 per cent). High spots are dams and low places are ponds. Either may 
cause a break, and costly repairs will be needed. Channels should be laid 
out, and their construction supervised and the settled channel and embank
ment checked, by a person trained and experienced in the operation of an 
accurate level. 

The shape of a suitable channel is shown in figure 20. The side slopes of 
the channel and embankment are gentle and may easily be crossed by 
ordinary farm implements. 

Power graders and crawler or track-type tractors are used in the con
struction of the larger channels. Smaller channels may be made with small
bladed, horse-drawn graders, and very small ones may even be made with 
plows. 

Terraces 

Although terraces serve the same general purpose (removal of water), • they differ from diversion channels. Terrace channels have a very gentle 
slope because the entire terrace is cropped with the rest of the field. The 
grade, must be so gentle as not to permit erosion when clean-tilled crops are 
being grown. Land with slopes up to 10 per cent may be terraced success
ft~lly. Some improved terracing implements have been demonstrated and 
others are being developed. Terracing is practiced for intensive production. 
of high acre-value crops both on Long Island and upstate. 

According to the Conservation Needs Survey• about one-fourth million 
acres in New York would benefit from terracing. 

The methods and precautions stated for construction and maintenance 
of diversion channels apply with equal force to terraces. 

CONTROL OF GULLIES 

As ALREADY stated, gullies form wherever water is allowed to concentrate 
on slopes that are not protected by vegetation, but there is little gully

ing on contour strip-cropped land. Under many conditions a first step in the 
control of gullies is to break down the steep sides and thus to reduce the 
steepness of the slopes. · 

4From unpublished data (1943) by I. B. Stafford, State Conservationist, Soil Conservation 
Service. 
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Vegetation 

The control of gullies by vegetation is highly desirable because the degree 
of control improves with additional growth. Small gullies may be filled 
by plowing them in and seeding them to grain with adapted grasses and 
legumes. A liberal applicati~n of manure and superphosphate,. and also 
lime if needed, aids in the formation of a sward that is resistant to erosion. 
Once established, grass in the waterway is left undisturbed when the field. 
is plowed again (figure 19). Such grassed waterways have been used in 
Illinois for more than forty years and for a long time in Pennsylvania and 
in other States, including New York. The grassed area should be of ample 
width to carry all of the water. The grass, may be harvested for hay as usual. 

In many places it is desirable to divert the water from the gully for a 
time to permit the grass to become well established. This may be done by 
plowing one or more furrows or making a diversion channel above the 
head of the gully, depending on the amount of water -in the gully. These 
diversion furrows may be allowed enough slope for water to flow away 
slowly, but not enough to permit cutting or erosion in the bottom. More
over, these diversion channels should be long enough to carry the water 
far enough to each side so that it does not find its way back into the gully. 
Sod dams or burlap bags filled with sod are sometimes used in small gullies, 
particularly at their heads or at small waterfalls. ' 

In larger gullies, or in areas not in active cultivation, shrubs may be 
used. The bush honeysuckle grows wild in many hedgerows in southern 
New York. This and other native, wild shrubs are exceptionally useful. 
The coralberry produces runners that take root and grow new plants. These 
plants grow '."ell under unfavorable soil conditions and consequently are 
useful in gullies and on banks of raw subsoil. 

Vines are of much service in difficult places. The Virginia creeper is of 
some value. The climbing honeysuckle,• however, is much better (figure 21) 
because it roots from the vines or runners and thus spreads over a bare 
ditch or other bank. It is capable of growth under unfavorable conditions 
and affords complete protection. Its leaves stay on and remain green in 
winter, which is a marked advantage in that the leaves protect the soil 
under them from the beating action of raindrops. 

Black-locust seedlings may be planted to advantage on steep, raw, sub
soil banks where they make excellent growth. Being a legume, black locust 
makes better growth in these situations than does a non-legume. 

Slips or cuttings of various species of willow, cottonwood, elderberry, 
philadelphus, or mock orange, and others may be used. The basket willow 
is particularly useful. Slips are cut in the spring when dormant and pushed 

II(Lonicn'll japonietJ halliantJ) 
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checks erosion, vegetation soon gains a foothold m the newly-deposited 
silt and helps to control further washing. 

Woven wire is fastened to posts set firmly across the gully. Straw, 
leaves, or other refuse may be used to hold the water back and to catch 
the soil which then fills in above the dam. 

Any type of check dam must have below it an apron of non-eroding 
material on which the water may fall as it comes over the dam. Concrete 
poles, loose, large stones, brush, trash, or stiff sod may be used to advantage. 

The difficulty with the various types of dams is the cost of materials 
and the .labor required to build them. Woven-wire dams are the most 
economical. These dams, in particular, and all dams in general ought to be 
used with live vegetation such as coarse grass and legumes, wild shrubs, 
cuttings of willow, elderberry, or cottonwood, and locusts and other trees. 
In fact, dams may often be justified on the score of aiding the vegetation 
to become established. 

CONTOUR FURROWS IN PASTURES 

PASTURES on steep slopes suffer some loss of water during heavy rains. 
contour furrows on such slopes hold water, and soine of this soaks 

into the soil and helps the grass to keep growing during periods of drought. 
Also, the furrows prevent any concentration of water. Moreover, the water 
held goes into the soil, part of it to feed springs, wells, and streams. All 
water that is held reduces the amount that would go quickly down into the 
valleys, where destructive floods occur all too often. 

Furrows are used only on well-drained soils on contour lines. Gaps of 
from 3 to 5 feet in furrows, staggered to prevent concentration of water on 
slopes, are desirable. Seeding furrows and excluding stock until a grass 
cover is established is desirable to prevent trampling down the embank
ments. 

HOLDING FRUIT SOILS AGAINST WASHING 

ORCHARDS and vineyards represent a long-time investment and it seems 
wise to confine new plantings to the very best fruit soils. Deep rooting 

is essential if fruit plants are to live long >V~d produce good yields. Trees 
and vines will not root deeply on poorly drained soils or where hard
pan or rock is encountered within 2 or 3 feet of the surface. Before 
deciding to plant fruit on any site, the soil profile should be carefully 
examined to determine its adaptability for this purpose. If the land is well 
drained and deep enough for fruit, then in making the planting it is well 
t~ provide against soil erosion on slopes where cultivated fruits, such as 
peaches or grapes, are to be grown. 
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la.rG"''' tho.n '" ind• il\ d iaroctCT no>v oon-<:t>wtt 
n:mr;l> ol 1M "'rlaa m;o~n,l. Sud> :uat~cia l can 
hold tittle water« plar.ll" >lricnto l or use by tht 

~"" F.:opo:rinx:n:o on "'-'~ o! soil u•d ""'rer anti on 

S.i£~~~fr:: ylclds ol &:'T""l~ in U"" H~>L'I>OOI.ldsport aua • .,.., 
hecunin l9..l5 ily ttx RcsearchDh·ision oltt>e S<:Ht 

U:,~~~~ J"\"il;,., S~r~i«: in «><>tx'ration witb ; he ~~w Yuill State c"pcri
JTIMI statiar.~.T Compa.riwos a rt made l)e!Wft!n gnpo:• p l.o.nto:d "" d~ cor.• 
tour 4nd t~e pl~nt...J "ptlill L'\01 dowlllit1 on ilrnil&r slope and roil r;vndi
ti<.>rs. Ao an :II.Wf'31':C of tbr: 7 Y"'ln, 19J_!. II> ),.\, lhe(t)r".I()Ut l f:l,.'le!l pt"Q
.:Juccd 5(IS2 po:Hld! of fn>it I yur ~r.d !~"" upbil: and dawnhilJ r<>WI pre>

dtK~ 4Z78 poo!Kir.. T hiols a gain iii ) 'icid ui ~ pwrxb .n ilm: ll. ~r. In 
1·urs .X ampk and w.:l! ~~trih•.tioL\ u infall thctc ~":1.!1 lilLie dit'icH:I:.ct in 
ricld. Iu 19W t: .... ':>hy-thr01J$;h·(kt>::>t...r ,.,mWJ wu 17.54 i:><hn< and th~ 
j,ieMJ was abo:x 6500 poull<b <:rf g:ra~~ ~" """~- l;lf,m'L'" <'II' iii gw4 <li!t ril)o>
tiOilthrou~~:t.<lut lhe growing.sasou, i.l i!ld--of'fiilte:rinl94l pcodoccdWc 
t hir<j b.ighc.tyicld oi;:rap"" ( al w aOO.tt6500pcllll">dsan ar;re) for tho,~nt i..e. 

pcrkd. 
T..., klN of !Olt was bighestin 19J6witb.J2.4J ioclxs. a:ldsccondhigh

>e-'it i.n 1939 with 16.05 i.J.::hes. Durinr: Lhcsc twr. )"C:&n; U,t . , . .,.~ lmo ..,i 
soil ••'u~Y7pauOOs ontho,uptrillandOO...·n!Ullro,..,and 4l pound.!lof 

.sui l anacrcontl-.t:tt>I'I"OI.lrro,.·r..TI>eiQnof :,oitw"'! nQt l~'"{':d>J.riagthc: 

othn" Y""u (In eitMr T~-pe of pb.o.ting. this uam:~w z~ a Jooa: tho: l:;oki>.s 
h.._~ clinu~ wiu.b!e lor fT"peo, 1>nd f'"'"''n:U~, th+. (~;.,~u, will continue 
imkilWidy t~ h w,il ~blc for !Ills rmp; tt..,.-~furc, if fulL>.., s-~•tratilll".~ a rt 
!a l;.e.w.fot from ::his fnon.ble clitn<ttiC ,PII ... rion, IN S<)ili"LQ'[I( ldt mu" bo: 
p.~'rd and. hrld in v""""-

A st>,>dy <'II' p<'ImUI<:nl co""r cropa o( dortT h3., l:lf!f':ll •tut..d. Af"P"-r""tl)", 

do~cr m:lucu yickhi ~I>~ il ""'" """'""'" .,.,.,,!...t by :be r:•~~es. Clo..-cr ia 

"5olloo• ._,,...,_ ;_ .._ .__ ,....._.,..., ... >ltw Y- ....... .,. Jot.. LuM. J< • 
...o ._,;.,.,.u~ ...... l,..J 



" 
~h !oul'l.h ~'P"''~ \..,t .. ·-.. t~ fO'I'"ti cal!Kd a &light los.! iu y ldd. liulchcs 
of 1!uw {lZ t'Jfts iln acn:) oc &imibr ma~eri.al htld soli ~rod w~W:!' am.t 
iocnurothe)'ic!doi jt'nve~ l500 f><"'"''' .. n ~err. in 1939;onc.l.2100p<)Und.. 
in l'J«>. Fw:thet work io • ..ee<kd with both u r iolll ~· uf c.,.,-..,. uop and 
diff~r~nt (!uo.rrtit;.,~ oi mu\c,h 

All .,.,.,. vWyanh >llOUld b<: pl::m~ (ltL tl~ CQnlour 011 "<W-11-dt'<lin~d ,.;.it, 

(l'i¥"""' Z6). On OQi~ wilh siow d~inar-:: sloping lhol ~zy,o.·s ~'l()l.tgh to Pfo
v'de ~urh<:<e dr;o(~Y.ge is r«on't!Ticnde<:L l'lanting new grapc,·inn oo lo• 
terra« cmbank:mcnu hu prowd CaiuhlL Or. tl!e drOcr ~e~ils, otukhilllt 
tltt )'0\Jh~ ~-iuotll tiv~' ~.x<,.,lto-nt ~n,..\1.. 

HOLDING SOILS ACAI!fST B LOW'INC 

M \!CJ: and Ii ndy soil& in New York a re b:own con~idcn.bly by the wind. 
~Yl~e Lb crr.p!l oo rnuo::k !!Oil':! iJ TCflOl'tCd a.lmost ncr; spri~. In 

...klitit.t, muc.-k blown into hoii<J ""<I ro.uJ·dr~i:o;Oj!;t .:Ht.eO>CII dogs 1~<11. 
Saud• and ... ndy .oll a rc bktwn ;o.bont ...-he<Kvu they •"' bare -'.nd dey. 

During windy ~rioo<J, in ~.o/.e -!p'inJ!:, Ut• <lry wrl~n of mud< toils is 
blow:u by the wind. The bl.u of wQOd, Qf whOcb """"'h uC 11~ eulth;>.ttd ml!<'l< 
of tile Stat~ wu fonncd, ar.: hurled agLiiiSC tho!: t n>der Jt~ms of pl1nt"-. 
·rt..~ fra~h l:vt:<<h >:llly «...j; throcgh the ootcr co'O-eril.~g ~ the !colder 
..tems and the plantl .tOOI'l die:. Anothe-r .:rop m1>~l !hen be pbtttcd 00 ob<..a.in 



.. 
aru-'-.t.lllhiUirom.tbclmcl.WIIdl~lt.boo'O.~...d 
dlt trop~ MWom ciftsu rood nt.,.u !he Gf.p.al cmpwcould .. ~ .... 
Wi•lt,ralo•oi~lu.,.., ~bt.•uteeiiO~oltoilln~~~l blowirlc" 

(Arun: 21). n.. ordinary trot-type~ willcow 11'1111.1 be~ hr. tbl butet 
willow 11 fi'IUirh bnlo:r. It may bo pi.alllltd -w~nu 1 ~lo.tiwtp low ,.;n.). 
br.U ~ri~e. !'!l<IY(h pru:mW:><o. T t" di~'t'llntare i~ th:o.t t~J,o:, w:ill~"'' 
O«"Upy t ilb.bk land. 

Under oo"'<lttioo~ t l.at .uc 1muul&lly f&'lort~\ll<l IM bb.rin:, penN.~"t 
wi~tfaittocive~ttpf'Oteedofl, \V"'""' ldd icnttl (IUOW 
(...-,) pb«d. &t nc-W.r in\unls ~ U. the wiaa.. ,.jndbrtalo:s, hdp 
~t,.~lddtblmud<~Wc,w; .... ...dthulprotcrt k~V"V 

piK.tt. n-. _,...'-"hi."" the •-• Ill r.o.ot k...,;.,: nblie luo! 
pe.,..._df o.t vi nhi~~ . 

!'>u..,. el. f1C lftdcod illl tht f.,_ -fJI• - u widlfnlu. u,. the !Pol 
*.......,IO("'MMOGarri"fe6.ikJ)'e..nlllR.,..MWMdaiMfct:l:cl~l 
1m: P4, .me. iol lt thick, wil cb«k U.. --.- tlf .oil t:.-. tM rye 
ish\ 10'\p.l cl •ppr,.;,.-~o-_ty ti:AI. .. idlt!, d the «liinl.ry bod. ....! n" bt. -*' 1.0 ott.u vakable tJ'UpO 1..!« ;., tht -. «w.ui&no.Nr land i1 tt.Q, 
tUm o\lt o' tiM croppifllt.oy~tnn. 

J'O<;t1111: Zl . .. 'l ll'-..,&l lliU\.'\ OitOlArloOUt 

:..=-~;:.:.r::t:'oo:.L""t:-~.=-=*::.-~-t. .. : .... ~ 



Single row.s oi r.~.ta bttwtro th., rows o{ onl.oai &rc driikd a ; inter~~~,.. 
theca.ub<jrlf ~rtdwho:nob.ntu<M: f .. rtherblowinl{ iiovcr. 

)t. CV\""" <mp oi ..-1-or&t or ry~ ..,IN!ed i:. . .S.u~:•~~~ ()<t u~ly Scf.<emOCr pt'O
kct~ t he ..W q:alru.t poo..J~I, t:Jowing d'!l.rinc the fa4 nd the ..-inW.r. M~
cNu, t u<:ll. acropl:i.l<f'-'\IPWOI'l"'oithe r"-"dut, OP"''io.Uyniuo~:=,fr<>m 

tho: J""L'9>t'5 ~~ ~.wr. Tl:te mttr~l:$ ;<r~ rhl'" ho>ld i» liw mat rrial .aa:;ainst 
lea.ching duri:t(' wiuru aod spring when the K>i-1 ~ ""-'* pi'OUC!ed by~ 
WI.'J! ta pr,wnt muck !rom bfowi~l( arc discussed in U.rnell &.tenP;Jol 
Bullo-1: .. ~!12, T"~ C.n<lrfll ~r W i ..J Ero4it>ll "" .lf~od Lo.ltdr. 

Saltd' ~e\15 

B:..-~ . :i&lldy ~n• and ...,d• ue •u.bjcct to bt.,,,,;.,-', Crq• ~~ by 
W<lwior.J p,r.\1 ;, N ..... · York i.o !IE:Idom ~\ow, akho~h. then: ;5 :o<lt'M 

blvorillf on the sandr a ""'"' (;li tho lab l>klin.-i " tho: iooll~ll~ of the Adi
ro-Macks, IWd oa Loo( Island, pvtiocular ly '-""the '1'0\>th ,J...,,,_ l110: tlorm 
of Septanbt-r 1938 uOOcrcl.."'. tiM: protoccive 1-c¢atiooo and e~pl"'«! tnuch 
additi.oM1 '"'nol. J\w.n ] ...-.,,~ lhl.L, l10.,., , ·cr, dcstroctivc DXlVCment ol ct.e 
n ndhadbcrnt .. kinc i>W<-..~Iu:.!'· 

PlantinJ:o cl Am.-rican bn.c~an 1rt the adi•·el.!' Ulowit'li' sand l~n 
1-n """'le ,.,..ar Joo= Bc=Pt and on che UWoe1'1'l}' k .. di"': to tf,., bu.d1 

and ; boot t be M i r(lfcd:ld< foothill•. Th<: :;:ra u ha • rnad~ birly .(lood 
I[I"''oOidl in ~omo:: plicH bl.tt bu <lie<! (Jilt ;., othero. In tiM: bare 6pot• 
bkw.-illl{isbq::inning:qllu.A l((UITleis~ lu -''"l~ ~J "iir"':"'niOt\,., 

c ru.,.-ing gra"'- Nature hu helped, u the trailin: wil<.! ~" (Stu.~h~
~t'Jlu };~MU) ~..u alr~r IDade a itatt iR this area. Jt appcl'ln proflat•k: 
t!u.t lhio kr=e m~<y 1,., l~"t~.l~rly 11.-.!iul w~~erc-.·cr ~llld5 iD Nt'l'l" Yor:.: 
arc ll4mo.·1r.,£ or thT<:o.reni"': I<J loktw ( fi.~;,.r~ 28). 

~~1'3-HA<:>< ~.u ... , ..... ,.~ 

"*.!:'~ -=: ~::·.~ ';;:..:,":.-=..:::· ,.._, ·- <\< - .. ,, :.., ,_ .... .... lo• ... ,.,._ 
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The bayberry grows wild and holds the soil well near the plants. The 
black locust when thoroughly inoculated makes fairly good growth on 
sands. If interplanted in strips with native or adapted conifers or ever
greens, the combination affords year-round protection. Being a legume, 
the black locust collects nitrogen that may be used by non-legumes that 
grow near it. On loamy sands, the locust often brings grass into the partial 
shade under it. This is ideal since the grass covers and holds the sand 
in place. 

The woven picket fence holds sand temporarily, especially while vege
tation is being established. It is being used on Long Island against the 
blowing of sand in the same way as it is used against snow. 

An effort has been made in the Adirondacks to reforest and thus to 
stabilize blowing sands. This did not succeed because many of the planted 
pine seedlings were blown out and others grew slowly. 

A partial cover of straw, pine needles, or other low-value material held 
in place by brush may be expected to aid the pines greatly. A partial cover 
of pine brush between the planted seedlings prevents serious .movement 
of sand until the plantings become established and afford protection. 

Locusts planted among the brush suggested, or locusts in belts alter
nated with conifers, may be expected in time to hold sand against blowing. 
Since wind shifts, an occasional cross belt of the adapted or native conifer 
may aid still further in preventing the sand from blowing. 

On cropped sandy land, windbreaks and a protective cover of vegetation 
may be all that is needed. Thoroughly inoculated wild or tame legumes 
mixed or interplanted in belts with non-legumes aid in the stabilization 
of sandy soil. On Long Island, considerable use is made of winter cover 
crops. Rye or rye and barley are most commonly used. Because of shifting 
winds, an occasional drill width or two across the main direction of seeding 
may help to check movement of sand. The main seeding is made at approxi
mately right angles to the prevailing wind direction. A light hand-seeding 
of grain before drilling the .main cover crop fills the spaces between the 
drill rows and thus checks movement of sand. While such a seeding over 
the entire field might be most desirable, a trip every 50 to 75 feet ahead 
of and at right angles to the main seeding will check much movement of 
sand along the drill rows. 


