| and Water Conservation



Course outline

onship and application in agricultural engineering projects.
tion.

oil erosion.

analysis and measurements of water erosion and

-

ontrol i
7, strip cropping, mulching and - illage practices - principles, designs,
d limitations.

-

classification, design, construction, operation, maintenance, efficiency
of terraces.

ater courses, selected mechanical conservation structures, windbreaks

, velts.

B . 1 . ~ R . . . . . . . . . .

inciples, significance and classification of irrigation and drainage
' ons



Course Requirement

ry course for all student in the
Agriculture Engineering .

its are expected to participate in all the
rse activities and have minimum of 75%
lance to be able to write the final
nation.

| S hould also participate fully in all
~ practicals.






Introduction

ovide for the management of water and soil

ices involves the soil, the plant and the climate, each
mportance.

e engineering ay o soil and water conservation problems
olves the physmal ir ion of soil, water and plants in the design
[ a co-ordinated water management

e engineering problems involved in soil and water conservation may
divided into the six following phases:

irosion control

Drainage
Irrigation
> Flood control

> v lStllI'e conservation and

> Water resource development

The conservation of these vital resources implies utilization without waste so as to make
possible a high level of production which can be continued indefinitely.
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- processes which maintain the soil in a favorable balance.

ccelerated erosion: includes the deterioration and loss of soil as a
result of man’s activities. Although, soil removal are recognized
1 both cases, only accelerated erosion is considered in
conservation activities.

> forces involved in accelerated erosion are:

‘.Stacking forces which remove and transport the soil particles
and

2. Resisting forces which retard erosion.




Soil erosion by water

1e removal of soil from the lands surface by running
unoff from melted snow and ice. Water erosion is
indrop, sheet, rill, gully and stream channel

Erosion by Water
Climate, 2. Soil, 3. Vegetation and 4. Topography

ate: - Precipitation, temperature, wind, humidity and solar
adiation

erature and wind: - evident through their effect on evaporation
nd transpiration. However, wind also changes raindrop velocities

1d angle of impact. Humidity and solar radiation are less directly
volved since they are associated with temperature.

Soil: T hﬁsical properties of soil affects the infiltration capacity of the
b soil. The extend to which it can be di?ipersed and transported. These
properties which influence soil include:




y or compactness
al and biological characteristics



Vegetation

getation in reducing erosion are:
rainfall

by decrease of surface velocity
| movement

_ on and porosity of the soil by
| plants residue

biological activities

ation - decrease soil moisture resulting in

1 storage capacity.

g hese Vege ative influences vary with the season, crops,

~ degree of maturlty soil & climate as well as with kind
of vegetative materials namely: roots, plant tops, plant
residue




ppography

influence erosion are:

watershed



 Raind rop characteristics

: éﬂenergy equation that has been developed by
wischmeier and smith (1958)

E=916 +331logi
E=Kkinetic energy



osistance of a soil to erosion depends on many
and so to measure erodibility numerically an
nt has to be made of each factor.

irosivity-is the aggre:
n to cause erosion.
L,

odibility-is the vulnerability or susceptibility of the
il to erosion.

siveness or potential ability of



Factors influencing erodibility

ncerned with tr
1d is also most difficult to access. i.e average
1s0il loss per unit increase in E .



- suggests in a similar lab.
DAAR!
zht of soil splashed in grams
constant for the soil type
~ D=drop diameter in mm
=impact velocity m/s.

]ocity and drop mass are not very different from
nbining mass and velocity into the parameter



(1960) challenges the above assumption that
such as these proves that splash erosion is

t only on the K.E. of natural or artificial

ws that if such a relationship exist it is
though different relationship will exist
between erosio d momentum or any other
function of mass and velocity .since mass occurs in
‘the same form in the formula for both momentum

- and energy, it is necessary to vary velocity in order to
resolve the problem of whether energy or momentum
s the better index of erosivity. Conclusively-it has
been shown that for natural rain the relationships
between intensity and either momentum or kinetic
energy are equally close and of the same pattern.




Estlmatmg erosivity from rainfall
data

R=Elzo
roduct of kinetic energy of the stem

dimension as intensity, i.e. inches/hour, mm/hr. The
measure of erosivity is described as the EIzo index. it
can be computed for individuals storms, and the
storm values can be summed over periods of time to
give weekly, monthly, or annual values of erosivity .



on of an index of erosivity

) access numerically the erosive power of
‘main applications. In practical soil
i, ~ 1.to improve the design of
1servation works. - 2.inresearch, it helps to
rease our knowledge and understanding of

10n.




fil_deta.chment and transportation

of soil erosion involves soil detachment
yrtation .

_, ~ Generally, soil detachability increases

as the size of the soil particles increase and soil

detachment causes damage because:

e soil particles are removed from the soil mass and
thus easily transported.

2. The five materials and plant nutrients are removed.
3. Seeds may be separated and washed out of the soil.



Sheet erosion

| of soil in thin layers from sloping

s. the constant meander and
ange of position of these microscopic rills.



~ Rill erosion

water from small but well defined
lets where there is a concentration
oviously,rill erosion occurs when
ecome sufficiently large and



Gully erosion

oduces channels larger then rills. These
ater during and immediately after



inciples of gully erosion

ly erosion depends primarily



Gully development processes

osion at the gully head.

1 caused by water flowing through the

ully raindrop splash on unprotected soil.
™

nate freezin and thawing of exposed soil banks.

‘es or mass movement of soil in the gully.



Four stages of gully development

el erosion by down ward scour of the
stage normally proceeds slowly
airly resistant to erosion

ipstream movement of the gully head and
ment of the gully in width and depth. The

its to the horizon and the weak parent

lis rapidly removed.
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ge3: Healing stage with vegetation to grow in the
- channe

Stage 4: Stabilization of the gully. The channel reaches a

“stable gradient, gully walls reach and stable slope
and vegetation begins to grow in sufficient
abundance to anchor the soil and permit
development of new topsoil



Sediment movement in channels

is transported by :

- .
1 movement.
on: suspended sediment is that which
1 suspension in flowing water for a

le period of time without contact with the
(1.

|

saltation: sediment movement by saltation occurs
~ where the particle skip or bounce along the stream
oed. In comparison to total sediment transported
,saltation is considered relatively unimportant.




edin ent movement in channels

s sediment that moves in almost
‘the stream bed being rolled or
1 by the force of the water.
N - Mavis (1935),developed
jon for umgranu aterials ranging in

rom 0.35 to 0.57 millimeters and specifically
0 2.64.

9
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! jhiv_e”rsal soil loss equation
eier (1957,1962) developed an equation

e average annual soil loss.

—cropping management factor.
-ropping manag

onservation particle factor.
Ls= topographic factor evaluated.



- Personal management
ndard management .This varies

d and slope it also depends on

Field is to be contoured
p=0.6



f om the following condition.

5 6.7 ton/acre what is the max slope
1gth and corresponding tar ale spacing to reduce soil
loss to 3 tons/acre .



8,

) select crop management practices.
To predict erosion from catch crops.



Land use

land classification.
> according to suitability factor.

m fure.
- =@ Land slope.
" @ Past erosion on the land.



- Soil erosion by wind
frequent when the mean annual

ts soil erosion by wind are:

infall affects soil moisture.

o Teperature humidity.
= Wind.



Wind characteristics that affects soil erosion.

W

(velocity).

~—

soil conditior the amount the amount of
ch will be blown depends on two factors:
velocity. T

ess of the soil surface.
tors — soil texture.
— density of soil particle and density of soil

— organic matter content.
— soil moisture.



- — seasonal distribution of vegetation.
ves of soil movement by wind

pension.

3. Surface. creep



inct types of movement usually

icle were carried about 1m above
| ove 3ft)
;ltation — This is caused by the pressure of the

1d on the soil particle and its collision with other
rticles.

ension —
| the surface.( i.e.

No)

face creep — This movement is mostly
pronounced on the surface of the soil.



tion of movement as a result of turbulence and

wind velocity.

Fluid threshold velocity— The main
velocity required to produce soil movement by direct
action of wind.



ocity — the minimum velocity
ovement from the impact of soil

locity and distance across the erodindg area.

quantity of soil moved varies as the cube of
ss wind velocity over and above the constant
threshold Veloc1ty directly as the square of the particles
diameter and increases with the gradation of the soil.



Six shape bulk density

as groups. we use equivalent diameter to

i)article that has an erodibility which is equal to the
erodibility of soil particle.

Ed = bxd/2.65 — diameter of soil particle.




nis generally occurs when there is a decrease in wind
velocity.



ctors played also a major role.
wind.

1tion.

N .
ffect of organic
1

rious climatic factors.



10se

that affect soil ¢

conservation of moisture and tillage.
— contouring (terracing)

racteristics such as:

1ja11y — vegetative measure

- —tillage practices
- — mechanical methods.



|L‘

Damages done by wind

o
i

at seeding stage

-
(O
¥

Se O

R

. change in soi
e

N

h
age to properties (road and building).



50| u“ing, strip cropping and tillage.

1se engineering practices in conservation
djustment of tillage and crop

Surface roughness, ridges, depression and related
physical characteristics influencing depression
storage of precipitation.



contouring

urrows, planter furrows, and cultivation
nill and downhill then forms natural
noff accumulates. As the slope of
ses the velocity of the water
1ovement increases with resulting destructive

osion.

ontouring tillage operations are carried out as
nearly as practical on the contour. a guide line is laid
out for sash plow land and the back furrows or dead
furrows are plowed on these lines.



e: is used alone on steeper slopes or

ns of high rainfall intensity and soil
_ € 1S an increased hazard of gullying
| ecause row breaks ma  release the stored water.

rip cropping: strip croppmg consist of a series of
ternate strips of various types of crops laid out so
nat all tillage and crop management practices are
rformed across the slope or on the contour.



(e three general types of strip cropping
i are:

) cropping with layout and tillage held
 exact contour and with the crops
rotational sequence.

11l6) ing de:

ield strip cropping with strips of a uniform width
aced across the general slope.
ffer strip cropping with strips of some grass or
gume crop laid out between contour strips of crops

he regular rotations, then may be even or irregular
in width.



Y
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rip cropping is combined with contour
lag ing, it effectively divides the length of

' the slope, checks the velocity of runoff, filters out soil

-om the runoff water and facilitates absorption of

]‘7 11.

strip cropping layout

; _.
~ The three general methods of laying out strip cropping

Both edges of the strips on the contour

2. One or more strips of uniform width laid out from a
key or base contour line.

3. Alternate uniform width and variable width



yout vary with topography and with each

| 1 rerence.

Til age practices: tillage is the mechanical
manipulation of the to provide soil conditions
uited to the growth of crops, the control of weeds
1d for the maintenance of infiltration capacity and
seration. Indiscriminate tillage, tillage without
ought of topography , soil climate and crop
conditions will lead to soil deterioration through
erosion and loss of structure.

0




TERRACING

d of erosion control accomplished by
channels across the slope of

various names given to this techniques are:
— terraces (U.S.A).
— ridge or bund (common-wealth countries).



functions

e length of the hillside slope , thereby

and rill erosion.

| dry regions such conservation of moisture is
portant in the control of wind erosion

two major types of terraces are:
1.bench terrace .
2.broad base terrace.



broad base terrace

has its primary functions
assified as:

— graded
— level.

-—

graded terrace — primary purpose of thus type is to
remove excess water in such a way as to minimize
erosion.

level terrace — primary purpose of thus type of terrace
is moisture conservation erosion control is a




e embankment for thus type of terrace is
cted of soil of soil taken from both
side of the 1 is is necessary to obtain a
uff1c1ently h1gh embankment to prevent over
opping and breaking t rough by the entrapped
noff water.

TERRACE DESIGN

- The design of terrace system involves the proper
spacing and location of terraces, the design of
channel with adequate capacity and development of
a farmable x-section.




Terrace spacing

sed as the vertical distance between the

n as the V.I .

b= constant for soil erodibility.
~ s= average land slope above the terrace in %



Terrace grades

: refers back apart from the fact that it
‘ d dramage it must also remove

rrance length size and slope of the field outlet
ssibilities, rate of runoff as affected by rainfall and
| in filtration and chemical capacity are factors that
fluence terrace length.



Planning the terrace system

t ets: or disposal area:
tated outlets ( preferable)

1 0ff for the yutlet is determined by
on of the runoff from individual terrace.
of many types such as:

— natural draws.

- — constructed channels.

— sod flumes.

- permanent pasture or meadow.

— road ditches.



— obtain a suitable vertical interval.
stakes the Wight channel is

terrace construction : a variety of equipment is
available for terrace construction which necessitated
a classification of four machine according to thuds of
moving soil.




 soil tilth
b ullies and other obstruction
 terrace length

terrace cross-section

— experience and skill of operator



