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CHAPTER THREE

e

LAND AND WATER MANAGEMENT
FOR MINIMIZING SEDIIAENT

MINORU AMEMIYA

P

Sli;mMENTs ave primarily soil articles washed into streams by
water. They are products of land :osion and are largely derived
from sheet and rill erosion from upland areas, and by cyclic erosion
activity in gullies and drainageways. It is cstimated (Wadleigh, 1968)
that at least half of the 4 billion tons of sediment washed annually
into tributary streams in the Uniteq States is coming from agricul-
tural lands.

Erosion can be natural or can t2 accelerated by man’s activities.
Natural or geologic erosion pertains to that occuiring under natural
environmental conditions. Man-made or accelerated erosion is that
induced by man through reduction of natural vegetative cover and
improper land use, and occurs at a rate greater than normal for the
site under natural cover.

Although sediment yield and soil erosion are not synonymous,
they are closely related—and ceeasionally used interchangeably.
Sediment yield can be defined as the quantity of soil material trans-
ported into a stream, Soil erosion refers to detachment and move-
ment of soil particles on site, but does not imply movement into
stream channels. Thus, soil erosicn is a primary requisite for sedi-
ment production. The most logical and divect approach to solving
our agriculturally related sediment probiem is the stabilization of the
sediment source by controlling soil erosion through the use of proper
land and water management practices or structures. In short, to
minimize sediment yield, soil erosion must be minimized.

Soil erosion occurs in two basic steps (Smith and Wischmeier,
1962): (1) detachment of soil particles from adjacent particles by
raindrop impact and splash, and (2) transport of detached particles
by flowing water. Only when conditions for these steps exist does
soil erosion become a serious problem as a direct source of sediment.
Soil erosion by water is a physicai process requiring energy, and its
control involves the dissipation of energy—that of falling raindrop
impact and splash, and that due to elevation differences which affect
the flow velocity of water.
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36 / PART 1 / SEDIMENT AS A WATER POLLUTANT

The present state of knowledge concerning the mechanics a--
hydrology of soil detachment and transport have already been ac:
quately reviewed (sce Chapter 1). The properties of sedimen:s fro--
agricultural lands have been described and interpreted (see Chap:::
2). It is the purpose of this chapter to briefly review managems:--
practices for controlliag soil erosion to minimize consequent scdimer-
production from agricultural lands. Emphasis will be on sedimer-:
derived from sheet-rill or microchanr.el erosion. This does not impl-
that sediments resultirg from gully or macrochannel erosion ore r--
serious contributors to total sediment yield. However, it has bez~
shown that the best method of controlling gully erosion is to minimszs
runcfl and sheet erosion above a gully or potential gully site (Jacz:-
son, 1865).

t

FACTORS AFFECT'NG SOIL EROSION BY WATER

The Universal So’l Loss Equation (Smith and Wischmeier 1962
provides a framework for discussing erosion control measus 2s. Io
this equation, sail erocion is described as a function of rainfi 11, sz
properties, slope lengt1 and steepness, cropping sequence, ard sup-
porting practices.

At present, little ¢ i be doneto readily change the amount. distzi-
bution, and intensity cf rainfall per se, but measures can be adopted
to modify its erosivencss—that is, to decrease raindrop impzct and
splash energy or to decrease the amount and velocity of overland
flow, or both—to minimize sediment production.

Soil properties affect hoth detachment and transport processes.
Detachment is relatec to soil stability, size, shape, composition, an:
strength of soil aggregates and clods. Transport is influenced b+
permeability of soil t) water which determines infiltration capabili-
ties and drainage characteristics, aggregate stability which infuences
crusting tendencies, porosity which zffects storage and movement cf
water, and soil macro-structure or surface roughness which creates a
potential for temporary detention of water.

The slope factor determines the transpert portion of the 2rusivn
process since flow velocity is a function of hydraulic gradient whick
is influenced by slope length and steepness. The remaining two
factors, cropping sequence and supporting practices, serve to modify
either the soail factor or the slope factor or both, as they affect the ero-
sion sequence.

Water runoff and accompanying soil erosion resulting frem
rainstorms are inversely related to the water infiltration capacity of
soil, plus any surface storage capacity. Hence, one way to prevent
erosion would be to maintain high water intake rates and surface
ponding capacities at levels sufficient to prevent runoff from al} rain-
storms (Meyer and Mannering, 1968). This is seldom possikle, but
any increase in infiltration capacity and surface and subsurface
storage capacity can greatly reduce erosion as well as benefit crep
water supply. In most cases water intake and storage capacities are
not sufficient to prevent runoff. Soil erosion then becomes a func-
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TABLE 3.1. Effect of rates of applied wheat straw mulch on runoff, infiltra-
tion, and soil loss from Wea si't loam with 5% slope.

Mulch Surface Water
Rate Cover Applied* Funoff Infiltration Soil Loss
(tons/a) (% ) (inches) (inches) (inches) (tons/a)
0 0 6.25 2.83 3.42 12.42
Ya 40 6.25 2.50 3.75 3.23
E% 60 6.25 1.58 4.67 1.42
1 87 6.25 2.30 35.95 0.30
2 - 98 6.25 9.09 6.16 0.00
4 100 6.25 .00 6.25 0.00

Source: Adapted from Mannering and Me ver (19G3).
* Water applied at constant intensity of 2.5 inches per hour.

tion of runoff velocity and the resista ice of the soil to the forces of
flowing water.

Laboratory studies have shown ‘hat the amount ol energy re-
quired to initiate runoff was a functiort of clod size (Moldenhauer and
Femper, 1969). Rough, cloddy surfaces enhanced water intake and
contributed to surface detention of v ater, even after water intake
was reduced by pore sealing. It was aj.parent that large clods created
many steep micro-slopes. Dispersed particles from scil peaks eroded
into depressions, leaving exposed arecs still receptive to water.

A vegetative cover or surface mulch is one of the most effective
means of controlling runoff and ercsion (Duley and Miller, 1923;
Borst and Woodburn, 1942; Baver, 1356; McCalla and Army, 1961;
Smith and Wischmeier, 1962). Wheat straw mulch applied on
freshly plowed land at a rate exceeding one ton per acre almost com-
pietely eliminated runoff from, and controlled erosion on, a 5% slope,
as shown in Table 3.1 (Mannering and Mever, 1963). Mulch on the
surface protected it from raindrop impaci energy, reducing detach-
ment of soil particles and surface sealing. In so doing, high water
intake rates were maintained. The efiectiveness of mulch in main-
taining high intake rates was correlated with the proportion of the
surface covered. In addition. the mulch created barriers and ob-
structions that apparently reduced flow velocity and carrying capacity
of runoff. This was evident especiaily at the 14- and 14-ton mulch
applications where total runoff was 87 and 56% , respectively, of the
zero mulch treatment. In contrast, soil loss was 27 and 11%, respec-
tively, of the zero rate.

In another study (Meyer and Mannering, 1968), runoff velocity
was measured as a function of mulch rate. Five inches of simulated
rain were applied at a constant intensity of 2.5 inches per heur to
soil treated with straw mulch at various rates. Data shown in Table
3.2 indicate that small amounts of surface mulch caused considerable
reduction in flow velocity. Moreover, large reductions in erosion rates
were associated with relatively small reductions in flow velocity. This
was not unexpected because the quantity of material moved is con-
sidered proportional to about the fourth power of velocity.

In a laboratory study, Kramer and Meyer (1968) studied the effects
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TABLE 3.2, Effect of applied wheat straw mulch on run-
oft velocity, and scil loss from Wea silt loam
with 5% slope.

Mulch Runoff
Rate Founoff Velocity* Soil Loss
(tons/a) (inches) (ft/min) (tons/a)
0 3.3 26 14.5
4 2.8 14 5.8
o 2.4 12 3.7
1 2.0 7 1.7

Soui'cc: Adapted from Meyer and Mannering (1968),

* After application of about 5 inches of rainfall when
runoff rates were essentially constant.

of mulch rate, slope st epness, and slope length on soil loss and run-
off velocity. Using a zlass bead bed te simulate a soil slope, they
showed that less than a ton of mulch on the surface reduced crosion
on slopes greater than 70 feet long at 4% slope. Mulch rates of less
than 1 ton reduced ercsion from moderate to steep slopes (4 19 6%).
However, on slopes of 3 and 10%, 14- and 14-ton mulch rates 1id not
greatly decrease erosicn compared to no mulch. Erosion mo:e than
doubled as slopes increased from 8 to 10%. Again, mulch rates
14 ton or greater reduzed runoff velocity considerably. It was noted
that for some conditicns low mulch rates increased erosion s com-
pared to no mulch. This was attributed to increased flow velocity
and turbulence arour:d mulch pieces, causing particle moveraent.

In some area soil wettability is considered a factor in soil
erodibility. Water repellency, often developed as a result of fires on
some soils, can cause much sediment production by curtailing infil-
tration and encouraging rvnoff. Reduction in erosion is effected by
modifying the wetting characteristics of hydrophobic soil. By me-
chanical or chemical means, soil wettability can be increased so that
infiltration rate is increased (Osborn and Pelishek, 1964; De Bano,
1969).

Another means of preventing runoll aund increasing total infil-
tration is through surface storage. Rough soil surfaces can retain
several more inches of rainfall than smooth surfaces, due to water
being trapped in the depressions of the rough topography (Larson,
1964). Available subsurface storage capacity has also been recog-
nized (Ioltan, 1965) to be important in the infiltration process. Thus,
for soils to I'ave high infiltration capabilities, they must have a high
inherent permeability to water, show resistance to crusting, and have
a high surface and subsurface storage capacity.

PRACTICES FOR EROSION CONTROL

Practices or structures for erosion control are designed to do one
or mere of the following: (1) dissipate raindrop impact forces, (2)
reduce quantity of runoff, (3) reduce runoff velocity, and (4) manipu-
late soils to enhance the resisiance to erosion (Meyer and Mannering,
1968).
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TILLAGE METHODS AND EROSION CONTROL

The relationship between tillege methods and soil erosion has
been reported by many investigators. Principles involved have been
well documented (Larson, 1964; Mannering and Burwell, 1968).
Some tillage methods deter soil erdsion by creating rough surfaces
which provide surface storage, recuce runoff, and delay or prevent
surface crusting. Other tillage metheds provide increased subsurface
storage, and still others provide boti:. There are tillage methods that
leave all or part of the residue from previous crops on or near the soil
surface, protecting the surface from raindrop forces and enhancing
water infiltration. Excessive tillage can be a factor in soil erosion,
however, because tillage is a sourc: of energy for breaking soil into
erodible sizes just as are rainfall and runoff. Tillage-induced soil con-
ditions play a significant role in scil ercsion through effects on the
infiltration capabilities of soil (Bur vell et al., 1966; Burwell et al.,
1968).

On a silt loam soil, 6.7 inches of simulated rainfall, applied at a
constant intensity of 5 inches per Four, infiltrated a surface created
by moldboard plowing before ruroff began. When the soil was
plowed, disked, and harrowed, enly 2.1 inches of water infiltrated be-
fore initiation of runoff. Comparalle values for untilled and rotary
tilled soil were 0.4 and 0.9 inch, respectively. Cumulative water in-
take was fifteen times greater on rough, plowed soil and three times
greater on plowed, disked. and ha:rowed soil than on untilled soil.
These differences were related to rlow layer porosity and to surface
roughness (Burwell et al., 1966).

Another study conducted on the same soil compared infiltration
of simulated rainfall of mulch-tilled and clean-tilled surfaces (Bur-
well et al., 1968). The soil was previcusly cropped to oats. Mulch
tillage consisted of a pass with a chisel-type cultivator to a depth of 6
inches. This tillage operation incorporated about half of the oat
stnbbie residue, leaving about 0.6 ton per acre on the surface. Clean
tillage consisted of moldboard plowing in the fall, with and without
secondary disking and harrowing the following spring, and spring
plowing alone. Table 3.3 is a summary of this study. Fall mulch-
tiled surtaces provided nearly eight times greater infiltration capacity

TABLE 3.3 Influence of tillage treatment on water infiltra-

tion.
Tillage Infiltration
To initial During 2"
Fall Spring runoff runoff
(inches) (inches)
Chisel None 6.7 3.8
Plow Nong 1.2 1.6
Plow Disk, harrow 0.9 0.8
None Plow 2.1 1.5

Source: Adapted froin Burwell, Stoneker, and Nelson
(1968).
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before runoff started and four times greater infiltration capacity dur-
ing runoff than did fall-plowed surfaces, disked and harrowed in the
spring. Infiltration for fall mulch-tilled surfaces was maore than
three times greater than for spring-plowed surfaces. Fall-plowed sur-
faces were altered b lall to spring weathering. resulting in Little. if
any, infiltration advuntage over fall-plowed, spring-disked, and
harrowed surfaces. Paintall action, wetting-drying, and rsreezing-
thawing cycles between fall plowing and spring planting act to dis-
perse soil material which seals the surfaces by filling in depiessicns
and open channels created by plowing.

These representative data indicate that the amount of water
entering soil can be controlled significantly by soil physical condi-
tions created by tillage operations. Conventional tillage (plow, disk,
harrow) usually creates conditions that restrict water movement.
Mulch and other so-c (led minimum tillage systems can procuce soil
conditions conducive to water intake. Plowing, followed by disking
and harrowing, usually leaves the soil clean or void of crop residue
Rain falling on these bare or only partially covered surfaces washes
fine soil into depressions and open channels, resulting in pregressive
soil sealing. Rate of sealing depends on how cloddy or ho'v rough
the surface is after ti lage. Where clean tillage is practiced. i. should
create rough, cloddy surfaces that resist dispersion and, sul.sequent
surface sealing so as to delay the first runoff event during the spring.

In a recent summary (Burwell and Larson, 1969) it was shown
that prior to initial »unoff, tillage-induced rovghness accounted for
most of the variation in infiltration, whereas differences n pore space
caused only minor variations, In contrast, during a 2-inch runofl
pericd, water intake was little affected by roughness or porosity—
indicating that surface seals were already formed when runoff started.
and overshadowed roughiness or porosity changes induced by tillage.

Mulch tillage—a tillage system that loosens the soil without
soil inversion—Ileaves all or most crop residue on the soil surface.
This creates a condition highly resistant to raindrop and runoit foreoe.
A comparison of runeff and soil loss from conventional wnd mulel:
tillage is typified in Table 3.4. In each instance the benefits of this
tvpe of tillage are apparent.

Deep tillage or subsoiling of some soils can reduce soil losses by
increasing volume of subsurface storage available for infiltrated
water. If deep tillage shatters or fractures a soil pan, this increased
storage may be much greater than indicated by the increused denth
of tillage. However, subsoiling generally has not been effective unless
channels were kept open to the soil surface. If subsequent tillage
obliterates subsoiler slots in the surface few inches, little diferenc
in soil loss or infiltration can be expected (Meyer and Mannering.
1968).

Postplanting tillage is used with most tillage systems. If a sur-
face seal has developed, cultivation to break it may materially in-
crease water intake. In a 5-year tillage study (Mannering et 1., 1966,
cultivation of minimum tilled treatments reduced average runoff
from 3.5 to 2.1 inches and soil loss from 16.3 to 9.5 tons per acre 253
compared to the same treatments uncultivated. Under sonie condi-
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TABLE 3.4. Effect of mulch tillage on runoff and soil losses in the Corn Belt.

Location, Field Soil
Soil, and Slope Practice Tillage Runoff Loss

(inches) (tons/a)
Wisconsin

Miami sl, 6% Noncontourea  Conventional 3.1 22.3
Mulch 2.5 6.7
Mizmi sl 9% Contoured Conventional 0.8 14
Mulch C.06 0.G1
Fayette sl, 16% Contoured Conventional 0.6 2.0
Mualch 0.05 0.03
Ohio
Muskingum sl, Contoured Conventional 1.14 7.8
9-15% Mulch 0.05 0.03
Indiana
Russell sl, 5% Noncentoured  Minimum 3.12 10.7
Mulch 2.24 0.5

Source: Adapted from Mannering an’ Burwell (1968).

tons, cultivation of rough, cloddy surfaces may increase erodibility
by decreasing soil aggregate size, decreasing surface roughness, and
reduicing existing crop residue surface cover.

SLOPE MODIFICATION FOR EROSION CONTROL

Contour planting and tillage function to control runoff and soil
loss from storms that are moderate in extent, or until capacity of soil
to hold or to conduct runoff is exceeded. In ficld practice, rows are
vriented on the contour, generally with a slight grade toward a water-
way. On slopes of moderate steepness and length. average annual

Runoff is ponded and flows slowly avound the slope rather than down-
slope. However, when smooth tillage is used, or when infiltration
rates are low, runoff from high intensity rains may overtop rows. re-
ducing runoff and erosion effectiveness. In addition, because con-
touring generally results in point zows and irregular field shapes, its
use as an erosion centrol practice is declining. Large farming equip-
ment and narrow rows are not coiapatible with point row farming.

Contour strip-cropping is the practice of alternating sirips of a
close-growing meadow or grass crup with strips of grain ox row crops
across a hillside. The erosion control aspect of strip-cropning is the
reduction in length of slope of land in row crop. In addition, flow
velocity of runoff water is reduced as it moves through the close-
growing grass strip, causing sediments to drop out. The sod literally
acts as a filter strip. The reduction i soil erosion from a strip-cropped
slope is proportional to the fraction of the slope that is in grass strips
(Wischmeier and Smith, 1963).

Terracing is one of the oldest practices iised to contre! erosion.
Terraces are combinations of ridges and channels laid out across the
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slope to trap water running downslope, and to conduct the water to
suitable surface or sunsurface outlets at a nonerosive velocity. The
primary benefit of terracing is the reduction in slope lengtu. Since
erosion is approximatcly proportional to the square root of slope
length (Smith and Wischmeier, 1962), reducing slope length in half
can reduce erosion bv more than 20% . Bench-type terraces also pro-
vide for a reduction in slope steepness. Terracing with contcur farin-
ing is generally considered more eifective as an erosion control prac-
tice than strip-cropp:ng, but it is also more expensive. Wiih both
practices soil loss i, confined within field boundaries. n strip-
cropping the saved suil from one storm event is deposited ir the sod
strip and can be transported further downslope during subsequent
storms. With terracinig, the deposition is in the terrace chann 1 which
offers positive sediment retention, unless overtopping occurs.

Although effective for erosion control, conventional bro::d-based
terrace systems are nt compatible with efficient tillage oper:tions or
modern farm equipment. In addition, herbicides are making it in-
creasingly difficult t» maintain grassed waterways. To cvercome
these problems, a syrtem of bench terraces with permanen ly vege-
tated backslopes is :aining popularity (Jacobson, 1966). In this
system, all runoff is collected 1n low spots in the terrace charnel and
if necessary removed through underground tile outlets, thus grassed
waterways. Parallel terraces materially strzighten field alignment
and eliminate objecticnable point rows. In time sediment deposited in
the channel reduces the slope in the terrace intervals.

Studies on insaumented watersheds in western Iowa on deep
loess soil indicate that although terracing did not affect total water
yield frem a watershed, the surface flow component of wter yield
was significantly reduced. Only 14% of water yield from terraced
watersheds was surface flow, while on unterraced but contonr-farmed
watersheds, surface flow accounted for 64% of water yield (Saxton
and Spomer, 1968). These differences in surface flow were associated
to sediment yield {rora these watersheds as shown in Table 3.5
(Piest and Spomer, 1968).

OUTLOOK

Slope modification measures combined with soil-ccnserving
tillage practices can be effective in reducing soil erosion from cropped
land. However, to become widely accepted, such practices must fit
efficient farming operations and must be economically fezsible. If
presently available practices do not meet these requirements, new
practices or systems that will control erosiocn and sediment produc-
tion without loss of net income to the operator must be developed.

For example, consider a system where sheet erosion is controlled
through till-plant tillage, and runoff is controlled by storage fills con-
structed acrocs waterways (Jacobson, 1969). The fills, like bench
terraces, would have favorable uphill slopes with a seeded backslope.
Water would “e removed from fills by tile outlets. It is anticipated
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TABLE 3.5. Effect of land treatment cn sadiment yield of watersheds in
western lowa.

Sediment Yield

Watershed Size Crop Land Treatment m
- (acres) (tons/a)
1 75 Cont. corn Field contoured 30 60 8
2 83 Cont. corn Field contoured 30 45 10
3 107 Grass None 2 2 1
4 150 Cont. corn Level terraced 2 2 i

Source: Adapted from Piest and Spoirer (1968).

that such a system would almost eliminate soil loss from cropped
fields on slopes up to 6% . Soil-mcved sheet erosion is stored in the
fills and eventually helps reduce slypes. Again, troublesome hillside
waterways are eliminated. Straight vow farming is possible, adding to
farm adaptability. And the cost of such a system should be relatively
low. Tillage costs will be lower, a:d building the system of storage
fills often would be less costly than building waterways. On lands
with slopes steeper than 6% , farming becomes progressively difficult.
Unless the slope can be reduced tc permit more efficient machinery
operation, economics will force the retirement of much of these lands
from row-cropping (Jacobson, 196)). Erosion control on such land
will require bench terraces with tile outlets.

To reiterate, nearly all sediment is the result of man’s removal
or disturbance of natural soil cove: of trees and grass. Since all Jand
cannot be returned to its original cover, wise land use planning and
careful use and treatment of land can reduce soil erosion, the source
of sediment. Although the mechanics of the erosion process are not
cempletely understood, guidelines have been developed, satisfactorily
tested, and translated into erosion control practices, measures, and
stractures. Existing erosion control technology has not been univer-
sallv accepted and used, primarily because of direct or indirect
cconomic considerations (Swanson and MacCallum, 1969). The chal-
lenge to agriculturists, conservationists, engineers, and economists is
to continiue ileir effuils (0 develop au hproved erosion conirol tech-
nology that will be compatible with modern requirements and eco-
nomically feasible. Only when this challenge is met will there be a
significant reduction in sediments redrived from agricultural lands.
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