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00 2P0 25200 2100 9104 2420 2100 21 00 wI05 =100 20 of
| EQ ?OQQ 7 QQ 7 QQ ?OQQ 7 Spill Way

We Like
Zambia.

Rock Earth Dam




(245)Traditional.

(245) Traditional ,Discover Underground Water

RS
R

You Are God.

Discover Underground Water

X
&)
o

14




(246) Traditional Discovery of Underground Water

( 246) Traditional Discovery of Underground W ater

My Dead Mother
Told Me,

If You WantW ater,
Excavate Under The Fig Tree.

Fig Tree

Weathered Stratum
Water-Bearing Stratum




(247) Quartz

(247)Quartz

Oh .Quartz.
Soon,Water Is Coming.

Sediment

« = . Sandy Rock

Granite

Quartz




(248) Plant Trees

(248)Plant Trees

After Planting Trees
We Are Rich.

e e o e R




(249) Plant Trees

(249)Plant Trees

Mama

| like Pawpaw.

?ﬁﬁ
7 9 § & F e
Land Preparation Planting W atering
June July August

Rainy Season
Plant trees




(250) Topography

(250)Topography

Rock Hill
/ No Water

Oh ...
Misunderstanding

y Water-Bearing Stratum

% 7 7000 A A
S ANy AN A AN 7 A AN
A A A A i ////// 0000022




(264) Site Camp

W e are the stars

\_on a night sky.

(264)Site Camp
et -
Night Sky I °
Beautiful.
o et
{ a_— e @ ﬁ
DWA
Offer

Temporary Tent




(274) Ground Water

(274)Ground Water

Aquiclude
(Impermeable Rock)

Aquifer
(Saturated Rock)




(275) Ground Water

(275)Ground Water

Aquifer Aquiclude
(Saturated Rock) (Impermeable Rock)
(Permeable Rock)

Limestone Shale

Gravel Clay

SandStone Mudstone

Solidified Lava

4
. 7
= < 4q T 4
a = = B ca
=
.4 —_—
. .4 v B e 4 "
© 4 M a
2
7]
4

Aquiclude
(Impermeable Rock)

Aquifer
(Saturated Rock)




(276) Ground Water System

(276)Ground Water System

)

ShallWe
Water Table Plant Trees ?

(Rainy Season)

Dambo

AAAAAAAAAAA
AAAAAAAAAAAAAA

Water Table Permanently Saturated Zone
(Dry Season) (Saturated In Wet And Dry Season)




(277) Surface Layer

(277)Surface Layer

Of course,
My father was
greata farmer
in China.

You Know
'The Earth’
Of Pearl Buck

Water Table
(Rainy Season)

Dambo

AAAAAAA

.- saturated Zone

Surface Layer

_Layer Of Soil Moisture

=Zone Of Aeration

~— Water Table

Water Table Permanently Saturated Zone
(Dry Season) (Saturated In Wet And Dry Season)




(278) Mineral Resources(Coal)

(278)Mineral Resources
Coal

Vegeta’ion Increasing Layers Of
Overlying Sediment
0
@et %- I%- /
e o Increasing Pressure
- And Temperature
|

NZSENZN

AN ANDNIIVAN
RIS
S R RS SRS
e s e et

Lignite

Bituminous
Coal

(Brown Coal)




(279) Mineral Resources(Qil And Gas)

(279)Mineral Resources(Oil And Gas)

We Are Water Drillers.
One Day,

Oil Is Coming,
This Is Not Fiction.

Have A Dream

e
P s et s 0 s 5%
R R
‘ - 4&:.‘2.'02@:&'&'2.

o

Permeable Rock
Water-Saturated




(280) Mineral Resources(Qil And Gas)

(280)Mineral Resources(Oil And Gas)

My Mother Told Me,

Work Every Day
With Family.
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(281) Water Cycle

(281)Water Cycle

Have One Baby.
Plant 100 Trees.
Have One Pump.
Plant 1000 Trees.

Two Commandments

Wind

Water Vapour

N PR N,

Itezhi-tezhi Rock

Fill Dam Underground Water Flows




(282) Limestone

(282)Limestone

Sediment

Impermeable Rock

permeable Limestone

Impermeable Rock

Joint

v/ W ater Seeps Through
Cracks In The Rock

+~~ Stream Enters
Permeable Rock




(283) Water Fall

One Million

(283)Water Fall

Years Before.

Water Was.

r.Livingstone

/

]

Zambezi River

Zambezi River
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(284) Spring

(284) Spring

Spring

1

1l

—
|

Fault

Impermeable Rock(Aquiclude)

e
\/ﬂ Saturated Rock(Aquifer)




(285) Spring

(285) Spring

Saturated Rock(Aquifer)

Water Table Limestone
Gravel

__——Spring

Impermeable Rock(Aquiclude)
Shale
Clay




(286) Spring

(286) Spring

Saturated Rock(Aquifer)
Sand Stone

Spring
Water Table

j Fault

—

\ Impermeable Rock(Aquiclude)
Shale




(287) Spring

(287) Spring

Water Table Jointed,Solidified Lava

Impermeable Rock(Aquiclude)
Mudstone

‘‘‘‘‘‘

-------
P

AAAA

Jointed,Solidified Lava




(288) Spring

(288) Spring

Spring

<

Impermeable Rock
(Aquiclude)

Saturated Rock(Aquifer)




(290) Groundwater

Shallow Well

Deep Well

(290)Groundwater

Spring Water Traditional Shallow Well

Permeable SandStone
Impermeable Rock (Aquifer)

(Aquiclude)




(291) After Cutting Trees,After Planting Trees

(291)After Cutting Trees,After Planting Trees

_ No Water,No Cattle
After Cutting Trees  |No Maize,No Wife

Envy Occurs.

Plenty W ater,Many Cattle.
Plenty Maize,Wife Comes back
No Jealousy.




(292) After Cutting Trees

|
>/? Sun Shine

=

/

(292)After Cutting Trees

w\/ \\% Fertile Soil is Eroded
e

Rich Soil is Blown Off

—

=

Ground Water Level Down




(293) After Planting Trees

(293)After Planting Trees

/ Sun Shine _
A
‘ Sun Shadow Blown Off

Fertile Soil
Is Not Eroded

Ground Water Level Up




(294) Roots And Soil

( 294) Roots and Soil

Thanks A Lot,
BaoBab Tree.

Dear Roots,
We Will Never

Separate
From You

3 Soil Brothers

BaoBab Tree




(295) Sediments

(295)Sediments (-

River Mouth

Kariba Lake
/

“ Mud Or Clay
Kariba Arch Dam

You Are
One Drop
Of The
Zambezi

River

You Are

Zambezi River




(296) Metamorphic Rock

(296)Metamorphic Rock

3 Million Years Ago
Human being Watched
This Landscape .

Schis
= \9 5 Shale}

° " s Quartzite)r (Sand Stone ) . **,

Basal 2 £
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Gabbro Gneiss

Granite I Gneiss

Magma ‘ ‘ —
Heat Pressure
Contact Metamorphism Pressure
Limestone(settukai-gan)-Marble(dairi-seki)

Shale(ketu-gan/deiban-gan)-Slate(slate/deiban-gan) Regional Metamorphism

Slate(nenban-gan)

(Low Pressure And Temperature)
Schist(kettushou-hen-gan)

(Medium Presuure And Temperature)
Gneiss(henma-gan)

(High Pressure And Temperature)




(297) Sediments

(297)Sediments
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Gravel

Sand

ogoooooo [e)=¢=)

[e)=te)=4<)
090%

5050

PRI
R

£
R
I3

%

555
%

e

RN,
S
RRRRRR

R R
BRI
R

RRRIIR

R
KRR
R
R

RN
DRI
RN

RS
R
RS

Mud Or Cla

o?&}
RN

ot

R
RN
IR,

%

5% %9
%% 22
SETE
5
55
5%

o

5%
55

2%

%5
7
%%

e
T
SSEESS
SRR
SR
%

4%
%

%
%%

%
X%
%%
%52

RS -

KR

IR
RN
SRR

5%
%
GE55%

55
%

e
S
5555
559
%%
%55

S5
%%

%3

%25

ERs
S5

AR
BRI
RN

BRI
R

BRI
4@%%3.
IR
R
RS

555
%
5555

R

R

5525
5%

ey
655

%
%%
2%

.
o

R

R
5555
s

555555
Lo5L555%

ol
S5
S
254

%%

£%5%

.
S0
R

L
%
2555

%

255¢

2

R
2

S

Sy
R —

Lime Mud
W P

%7




(298) Soil Life

(298)Soil Life

\é//
// \ Rain
Sun / \ N
Wind
3 Worm Brothers M

You Are Our God
And Our Goddess.

We Make Soil Rich.\ |
Water Is My Mother.| ¢

Root Is My Fath @ @
oot Is My Father. .
Soil Is My Life. 3 Soil Brothers

BaoBab Tree




(299) If You Cut Trees
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(299)If You Cut Trees
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(300) Soil Profiles

Soil Profiles
BaoBab Tree
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(301) Parts Of Sail Profiles

( 301) Parts Of Soil Profiles

Top Soil(Minerals,

Decayed Plant,Leaf Material) Erode Away

Top Soil

5
7 .
77 0000
LG - P
5

Weathered

ractured Roc

Bedrock Material




(302) Rocks

Magma
Cools And Hardens

Igneous Rocks

Small Pieces Of Rock Water, Wind

Broken Down By Physical Or Chemical Means

Sediments

Pressed And Cemented

sedimentary Rocks

Igneous Rocks,Sedimentary Rocks
L High Pressure,High Temperature

Metamorphic Rocks

(302)Rocks

>
e ROCKSSedimentaw Rock ///// Rain %Zj

Schisy
A { Shale}

: " 4 Quartzite)- (Sand Stone ). ¢,

Basal

Marble\: R

OO0

OO0

3 Million Years Ago
Human being Watched
This Landscape .

6 Million Years Ago
| Was Shining,And Now.

Wind A=

Magma Gneiss

Granite L

i Gneiss

Heat

Igneous Rocks Metamorphic Rocks

Pressure !
Pressure

Metamorphic Rocks Metamorphic Rocks




(303) The Rock Cycle

(303)The Rock Cycle

6 Million Years Ago
| Was Shining,And Now.

Weathering

And Erosion

Igneous Rocks

Melted Rock Cools And Hardens
Underground Or As Lava

High Pressures
And Temperatures

Higher Pressure And Higher
Temperature Cause Rocks To Melt

To The Surface

Buried,Compacted

To The Surface

High Pressure,High Temperature

Metamorphic Rocks




(304) The Rock Cycle

(304)The Rock Cycle

&

6 Million Years Ago
| Was Shining,And Now.

Weathering

And Erosion
Buried,Compacted

To The Surface

Igneous Rocks

Granite

Melted Rock Cools And Hardens
Underground Or As Lava

High Pressures To The Surface

And Temperatures

Sand

Stone  Shale

Quartzite 45/

Slate]

Metamorphic Rocks Schist
High Pressure,High Temperature

Marble

Limestone

Higher Pressure And Higher

Temperature Cause Rocks To Melt -
Gneiss




(305) Pyramids

4,500 Years Ago,
Egyptians Built Pyramids.

(305)Pyramids

If You Plant One Million Trees,Dig 10,000 W ells.
I[tWill Be One Of The Seven Wonders Of Zambia.

| Promise You.

To Build Is

Our Pleasure .
Limestone

One Of The Seven
Wonders Of The World




(306) Sedimentary Rock

(306)Sedimentary Rock

Weathering Plant Millions Years Ago

And Erosion
shel Peat Buried,Compacted
Clay
Igneous Rocks To The Surface Sand \
To

Compaction
Cementation

Fossil

Granite

N

L/ udston Limestone Strata(Layer)
Quartzite Organic Rock Deposit
Slate,
Metamorphic Rocks Schist
High Pressure,High Temperature

Melted Rock Cools And Hardens
Underground Or As Lava

The Surface

High Pressures
And Temperatures

Higher Pressure And Higher
Temperature Cause Rocks To Melt

Marble




(307) The Water table

(307)The Water Table @

If Wells Are Over Used,

If Many Wells Are Located
In A Small Area,

The W ater Table Is Depleted.

Types of Soil, Topography
/ Dry And Rainy Seasons.

Water Table

Water Table

Water Table
Is Low.

Deep Well

4

Traditional Shallow Well

Saturated With Water

Permeable SandStone
Impermeable Rock (Aquifer)

(Aquiclude)




(308) Fresh Water

(308)Fresh Water
Below The Earth's Surface

Fresh Water Gold

Vi

Saturated With Water

The Ground Water Is
The Most Important
Natural Resource.

Spring W ater
Dambo,Swamp,

\

_

Water Table

Permeable SandStone

Impermeable Rock (Aquifer)

(Aquiclude)




(309) Groundwater

(309)Ground Water

W ater Moves Quickl

Permeable SandStone

(Aquifer)
\838§8§8§ Gravel,Sand
Impermeable Rock
i (Aquiclude)
Clay

Small Pores,Spaces —

Water Table
Saturated With Water

3

z@

Imper.meable Rock  permeable SandStone
(Aquiclude) (Aquifer)




(310) Reservoir

(310)Reservoir

Build
a Fill Dam

Lake

Reservoir
Pond

River Swamp,Dambo

VAR
=

Fill Dam

1,Control Water Flow
During Periods
Of Heavy Rain
And Run Off.
2,Sources Of Drinking Water.
3,Provide Irrigation Water
For Farms.




(311) Lake And Pond

o
/1))

Run Off

Lake

Deep
Depression

Sun Light

Reservoir F

Fresh Water

7N
ill Dam

(311)Lake And Pond

9

Sun Light

Ponds Have
Plant Growth.

Shallow
Depression

Fresh Water

River,Stream Swamp,Dambo




(312) River

(312)River
D
/1)
Run Off
Sun Light
Lake .
Reservoir il am il .
Ponds Have
Deep Plant Growth.
Depression
Shallow

Depression

AN
Run Off

River

1,Sources Of Fresh Water
2,Soils,Pebbles,And Sediments
Are Carried Along River.

Y

Vi

~ =

River,Stream Swamp,Dambo




(313) Pollution Of River

(313)Pollution Of River

Don't Pollute Rivers:

Now Japanese Regret
Their Mistakes.

AN\

- Run Off
D Many Factories /- “Zg=—
//// \HEHH MLHUJ
Run Off — .
Pollution

Sun Light

Reservoir Fill Dam

River,Stream Swamp,Dambo




(314) River And Stream

(314)River And Stream
> Ourlife”  Rain,Water
AN \7/
6,Rain Infiltrates Into The Soil.
7,Plants Growing On The Soil. Run Off
D 8,WaterIs Absorbed By Plant Roots. 1,Rivers And Streams Are
/) Sources Of Fresh W ater.
2 Irrigation.
Run Off 3,Generate Electric Power.
Sun Light

4 Drinking W ater.

5,For Industry, Transportation
And Fishing.

Lake

Irrigation

eservoir .
Fill Dam

Drinking Water

River,Stream Swamp,Dambo




(315) Fertilizer

(315)Fertilizer @

Farmers Use W ater
To irrigate Crops.

Fertilizer,Minerals And Chemicals
Are Dissolved In Water.

/1)

Sun Light

22

Reservoir ., -
€SEVOIl kil Dam




(316) Chlorine

(316)Chlorine @

Which Is
The Best Way?

ANANN

/1))

Irrigation

/
' Fertilizers

Chlorine Kills Bacteria.

Sun Light

Lake

Reservoir _.,
Fill Dam




(317) Hardness Of Water

(317)Hardness Of Water

Hard W ater Contains
Dissolved Minerals.
( Calcium,Magnesium)

Soft Water
Does Not Contain Minerals,

Soap
O No Bubble
Hard Water

Hard Water




(318) Wastewater Treatment

(318)Wastewater Treatment

100 Years Ago
There Was No Need
For Wastewater
Treatment Plant

Many Factories

—— Run Off

‘ |
{ P ! Remove Harmful Bacteria
Run Off HeshlBmrin o
\ ; Many Houses s é%%
Sun Light ewage
Wastewater Wastewater

Pollution

Dl

\rricati Treatment
Lake rrigation
R —am, Drinking Water Plant
eSeNVOIr £ill Dam . g
= 4
<
Pond —~—

River,Stream Swamp,Dambo




(319) Water Pollution

(319)Water Pollution

Lakes,Rivers,And Groundwater

Are Polluted.
Fish And Wildlife Are Killed By Polluted W ater.

People Drink Polluted W ater.
People Become Sick.

Crops Irrigated With Polluted W ater.
Crops Absorb Harmful Chemicals From Polluted W ater.

These Chemicals Enter Our Body.

O Pollution

Many Factories
= Remove Harmful Bacteria

)
//, Wastewater
4 - - Treatment
Run Off == Plant

Many Houses Sewage
Wastewater

Reservoir

River,Stream

Water Table
(Underground Water)




(320) Water Quality

(320)Water Quality

- Pollution

Remove Pollution
/ From Rivers And Lakes.
Run Off :
u y H = ) Wastewater
any Houses  gewage Treatment
Wastewater Plant
Lake Reservoir
v . Irrigation
— T, Fill Dam Pond Drinking Water Swamp
iy g Dambo Stop The Water
\ \ ‘ u Pollution Problem.
/ > é‘
Water Table River,Stream

(Underground Water)




(321) Waste water

(321) Wastewater Treatment

- Pollution

Many Factories

Run Off

1,Testing Water Samples.
2,Regulate Chlorine And Chemicals.
V" 3,Purify The Water.
i . Wastewater
Treatment
Plant

Sewage
Wastewater

We Have
a Responsibility.

Water Table
(Underground Water)

River,Stream




(322) Land Conservation

(322)Land Conservation

To Prevent
Washing Or Blowing Away
Of Top Sail.

To Prevent Soil Erosion
1.Terracing.
2.Planting Trees.

Plant Rice
(Terracing)

Plant Trees

Reservoir
Fill Dam

S

Water Table River,Stream Swamp
(Underground Water) Dambo




(323) Land Use

(323)Land Use

Population

Billion

Billion

Population Increases.
Not Enough Farm Land.

2

500 Billion
250 Million Irrigation
Wit W atering Of Dry Regions.
L(O> IVITTITOTT o ~ 8 atering ry Regions
© 9 > >
© 24 2
-

Pollution

Many Factories

=

Sewage

Wastewater Wastewater

Treatment
Plant

Water Table River,Stream
(Underground Water)




(324) Land Pollution

(324)Land Pollution

W ho Protects The Environment?

Agricultural Chemicals,
Pesticides.

Agricultural Chemicals Kill Insects.
Chemicals Enter And Remain In Soil and Plants.
Insects Eat Crops.

Fish And Birds EatInsects.

Cows Eat Grass.

People Eat Cows,Birds,And Fish.
ItIs Dangerous For The Earth.

- Pollution

Many Factories

Spray Agricultural
Chemicals,Pesticides.

Run Off

Sewage Wastewater
Wastewater
Treatment

Plant

Water Table River,Stream

(Underground Water)




(325) The Uses Of Water

(325)The Uses Of Water @

Each Person Drinks
About 1.5 Litres
OfWater a Day.

People Use Water To Bathe
Cook, Clean, Irrigate Farmland.

Run Off The Earth's Fresh Water And

- Ocean Water Are Important
v , Z aaci Food Sources(Fish).
Run Off iy
- . S?S; ater Wastewater
Lake Reservoir g . Treatment
i v Fill Dam Irrigation s Plant
— Pond wamp
Dambo

kK

N =

; ~—=——
Water Table River,Stream
(Underground Water




(326) Water Pollution

(326)Water Pollution

Industrial Chemicals,Raw Sewage.

These Pollutants make People Ill And Die.
Pollution Destroys Many Organisms In Rivers,Lakes And Streams. Phosphates ,Green Plants In Lakes,

Use Up Oxygen In Water,Many Fish die.

Heated Water From Industries.
Thermal Pollution.

Upsets The Natural Balance
Of Plant And Animal Life.

Aany Factories

Sewage Wastewater

Treatment
Plant

Water Table
(Underground Water)

River,Stream




(327) Air Pollution

(327)Air Pollution

Industrial and
automobile
exhausts.

Water Table
(Underground Water)

River,Stream




(328) Weathering

(328) Weathering

The Earth's Surface -Weathering
1,Mechanical Weathering.
2,Chemical Weathering.

>
M RaIn 2 \Wing

Sedimentary Rock




(329) Mechanical Weathering(Temperature)

( 329) Mechanical Weathering( Temperature)
1, Temperature

Mechanical Weathering
1,Temperature

2,Frost Action
3,0rganic Activity

4,Gravity
Heat Cool 5,Abrasion
Expand >
R .
Temperature ////// Rain %ﬁ Wind
Changes  Rock Broken

Sedimentary Rock




(330) Mechanical Weathering(Frost Action)

(330)Mechanical Weathering(Frost Action)
2,Frost Action

Crack

Water Expands
Freezing And Melting
Below 0 Degree

Mechanical Weathering
1,Temperature

2,Frost Action
3,0rganic Activity
4,Gravity
5,Abrasion

>
////// Rain

Break Into Pieces
vl

We Shall Meet Under —~ Wind
This Mango Tree,Some Day:

Shale Se i
- N e




(331) Mechanical Weathering(Organic Activity)

(331)Mechanical Weathering(Organic Activity)
3,0rganic Activity

Mechanical Weathering
1,Temperature

2,Frost Action
3,0rganic Activity
4,Gravity
5,Abrasion

I Can Break The Rock, ////// Rain
Life Depends On Me
But,Sometimes,

People CutMe.

Roots Dry.

Rock Material 7

/" Wind




(332) Mechanical Weathering(Gravity)

(332)Mechanical Weathering(Gravity)
4,Gravity

Mechanical Weathering
1,Temperature

2,Frost Action
3,0rganic Activity
4,Gravity
5,Abrasion

>

/7)) Rain
Land Slides,Rocks Fall.
Rocks Brelak Into Smaller Pieces.

" Wind




(333) Mechanical Weathering(Abrasion)

(333)Mechanical Weathering(Abrasion)
5,Abrasion

Mechanical Weathering
1,Temperature

2,Frost Action
3,0rganic Activity
4,Gravity
5,Abrasion

Break Off _/~ Wind-Blown

&
LA

< pp—
o’ '."-'-Q/ Sand Particles
Boooos
Exposed Rock




(334) Chemical Weathering

(334) Chemical Weathering

Chemical Weathering Causes
The Decomposition Of Rocks.

//C% Rain
/ %ﬁ Wind

Chemical Weathering
1,0xidation

2,Carbonation
3,Plant Acids

iy

il
|
dll




(335) Chemical Weathering(Oxidation)

(335) Chemical Weathering(Oxidation)

Oxidation

[ron —————= Rust Chemical Weathering

1,0xidation
2,Carbonation
3,Plant Acids

> Different Colour

Inner
Rock /
\Q/
TN\

/ //C//? Rainﬁ
—~ Wind




(336) Chemical Weathering(Carbonation)

(336)Chemical Weathering(Carbonation)

Burning Of Fuels A|r Pollutio
Carbon Dioxide

Dissolved In Water w moke From exhausts.
1 Forest Fires /
A Weak Acid \\

Cal'bonIC ACld // Many Factories
z Acid Rain) "
77 7 (Acid Rain o

Run Off Nt SEea A LA P AL I

Industrial and
automobile

Weak Acid W ater
Dissolves Rocks

Lake Reservoir
=, il Dam

Irrigation
Pond

Drinking Water

Water Table River,Stream
(Underground Water)




(337) Chemical Weathering(Plan Acids)

( 337) Chemical Weathering( Plant Acids)

Chemical Weathering

( Plant Acids)
Weak Acids

Mosses, J
Lichens N - The Rocks Break
Into Smaller Pieces.

Chemical Weathering
1,0xidation
2,Carbonation
3,Plant Acids

>
/1 Ralnﬁ

il
|
Al

Wind




(338) Rate Of Weathering(1)

(338) Rate Of Weathering(1)

> D
//y// Rain ///// Rain
Cemented (
By Minerals = =
Sandstone Granite
Resistant To

Minerals Dissolve.
Rocks Crumble.

Weathering.




(339) Rate Of Weathering(2)

(339) Rate Of Weathering(2)

Water Causes
Mechanical And
Chemical Weathering.

/C//?Rain ///// Rain //// Rain

After Rain
Land Becomes
Rich.

Wet Climates Cause
Rapid Weathering.




(340) After Cutting Trees

Air
PoIIutlon W,

( 340) Rate Of Weathering( 3)

Burning Of Fuels
@ moke From
Forest Fires

If You Want To Be Rich,
Plant Trees.

If You Want To Die,
Cut Trees.

Industrial and
automobile
exhausts.

Carbon Dioxide
Dissolved In Water

A Weak Acid
Carbonic Acid

Many Factorles

Air Pollution
/

Weathering
Is Increased

Weak Acid W ater
Dissolves Rocks

Lake Reservoir

Water Table
(Underground Water)

River,Stream




(341) Soil Composition

BaoBab Tree

(341)Soil Composition

Soil
Organic Material
Low High

Soil Is Mother
Of All Living Organisms.

Live With land.
Endure With Seeds.
Live Like Wind.

Ingredients Of Soil
1,Weathered Rock.
(Clay,Quartz)
(Nitrates-The Area Is Farmed)
2,0rganic Material.




(342) Soil Composition(Nitrates)

(342)Soil Composition (Nitrates)

Same As
Chibuku.

To Improve Soil ‘
Fertilizers . N |
Nitrates Are Used \ WA
UV Wind Ingredients Of Soil.
On The Farm. S 1,Weathered Rock.
/ / \ M (Clay,Quartz)
W ] (Nitrates-The Area Is Farmed)
A 5 ]

/®/ Beware Of
Over Using.

2,0rganic Material.

BaoBab Tree Soil

Organic Material
Low High




(343) Soil Composition (Organic Material)

(343)Soil Composition (Organic Material)

Organic Material.
Decaying Of Dead Plants And Animals.
( Humus)
( Dark-Coloured)
X
! Soil Particles.
H
(Humus) o O d Air
o O % > Pore Spaces
O =—Water
Soil © -9

Organic Material
Low High




(344) Soil Composition(Fertilizers)

(344)Soil Composition (Fertilizers)

What Kinds Of Fertilizers
Are Best Suited For Soil?

Some Chemical
Fertilizers
Cause Pollution. Humus Is
Best For
The Earth.
¥
(Humus)

We make Soil
Rich Humus.
I umu Organic Material

Low High




(345) Soil Formation(Weathering)

(345)Soil Formation(Weathering)

@ 1,The Weathering Of Rocks Forms Soil.
We Are 2,.Living Organisms Depend On Soil For Food.
Not Alone. 3,Soil Supplies Plants With Minerals And Food.

4 Animals Eat Plants.

Bed Rock,PaW




(346) Soil Formation(Weathering)

(346)Soil Formation(Weathering)

1,Soil Is Formed When Rock Is Broken Down By W eathering.
2,Rock Breaks Into Small Pieces To Form Soil.
3,Soil Above Bed Rock.( Solid Rock) .
4,Soil( Residual Soil) ,Bed Rock( Parent Rock) .
5,Some Soil Is Moved Away From Its Parent Rock By W ater And Wind .

( Transported Soil)
6,Living Organisms( Produce Acids W hich Break Down Rock) Help To Form Soil.
7,Bacteria In The Soil cause The decay of dead plants and animals to form humus.
8,0ther Living Things( Moles,Earthworms,Ants,Beetles,Etc ) Break large pieces of soil.
9,Water Speeds Up W eathering Of Rock.

Bed Rock,Pw 3,4




(347) Soil Science

(347)Soil Science

Sandy Soil Is Not Fertile:

i
—(Residual Soil, Transported Soil

1,Different Types Of Soil.

2,Some Soils Are Good For Growing Crops.
3,Some Soils Support Vast Forests.

4,Some Soils Can Be Improved W ith Fertilizers.

Soil Scientist
Classify Soils,Soil Types.
Soil Map.

Farmers Determine which crops grow bestin The field.




(348) Soil Horizon

(348)Soil Horizon @

Top Soil
It Takes Many Thousands
Of Years For Soil To Develop

Dark Coloured
Worms,Beetles,And Bacteria
Decay

Humus,Organic Materials
Fertile Soil
Plants Grow

Top Sall
(A-Horizon)

Sub S(.)'I / 5 ater Soaks Into The Groun
(B-Horizon) Leaching

Weathered Bedrock

(C_Horizon) Immature Soil Weathered Rock

Unweathered
Bedrock




(349) Soil Horizon Development

( 349) Soil Horizon Development

/
/ i&ggv Soil Profiles
Soil Horizon Develop( Factor) M\J

Dark Coloured
Worms,Beetles,And Bacteria
Decay

Humus,Organic Materials
Fertile Soil
Plants Grow

1, Time.
2,Climate( High Rainfall,High Warm Temperature) .

Top Soil

Organisms,Tropical Regions . . )
W eathering Takes Place Rapidly. (A-Horizon) %f@
ory Area.Cold Area Sub Soil / 5 ater Soaks Into The Groun
W eathering Process Is Slowed Down. u (_)I Leaching

3,Types Of Rock. (B-Horizon)

Sandstone Breaks Into Sand Quickly.
It Takes A Long Time For Granite To Break Apart. Weathered Bedrock Immature Soil
4,Shape Of The Land's Surface. (C-Horizon) Weathered Rock

On Steep Slope.
Little Weathering Takes Place. Unweathered
5,Amount And Type Of Soil. Bedrock




(350) Soil Horizon Development

( 350) Soil Horizon Development

Weathering Weathering
Soil Horizon Develop(Factor) Rapld Iy SIOle

1,Time.
Glacial Erosion

2,Climate(High Rainfall,High Warm Temperature).
Organisms, Tropical Regions .

Weathering Takes Place Rapidly. ~
Dry Area,Cold Area . o @
Weathering Process Is Slowed Down. —

3,Types Of Rock.

Sandstone Breaks Into Sand Quickly.
It Takes A Long Time For Granite To Break Apart. Q %

4,Shape Of The Land's Surface.
On Steep Slope.
Little Weathering Takes Place.

5,Amount And Type Of Soil.




(352) Soil Summary

(352) Soil Summary

1,Temperature Change
2,Frost Action
3,0rganic Activity
4,Gravity
5,Abrasion

echanical

Rate Of Weathering Weathering

Type Of Rock

Weathering )

Chemical
Weathering

1,Carbonation
2,0xidation
3,Plant acids

>
///// Rain @

After Rain,
The Sun Shines.

Air Pollution
Climate

Rock Breaks
Down

Minerals
Organic Compounds
Air And Water

Soil Profile
A Horizon-Top Soill
B Horizon -Sub Sail
C Horizon-Made Up
Of Weathered Rock




(353) Erosion And Deposition

(353)Erosion And Deposition

-
AN\

Run Off

Erosion

Running Water

Carved
Out

For Millions Of Years
Erosion And Deposition Changed
The Shape Of The Earth’s Surface,

Rivers

Carry Away
Pieces Of
Rock

~ Depositon
Rock And Materials
Are Deposited.

River




(354) Running Water

(354)Running Water @

\\Gully
\Rin Off
\ Stream

Gully Caused
By Erosion On Slope,

Country Was Defeated.
Mountain And River
Remained.

O
\\\\ Run Off
//Erosion
Run Off Gully

Carries Away
Top Soil. Run Off

Erosion

Running Water
l d

Carved
Out




(355) Running Water And Erosion(1)

(355)Running Water And Erosion(1)

©

After Rain
Farmers
Become Busy.

-
\\ //// Rain
N A
Oﬁ Eporate . y

ﬂ
- Stream

River Sinks Into

I The Ground
f




(356) Running Water And Erosion(2)

(356)Running Water And Erosion(2) @

Country Was Defeated.
Mountain And River
Remained.

D)
\\\\ Run Off
/ Erosion
Run Off Gully
Carries Away

Top Soil. Run Off

Stream

Gully Caused By
Erosion On The Slope

Erosion

Carved
Out

d




God Bless
You.

Run Off

R
fwﬁ.-";'«ﬂ.-":'«%'-:'r&":'f
2555 «;,‘,é;,% o

R

T
2

%
o
S

Soil Particles & Plant Roots
\ v
Absorb Water.
oose Particles Are
Washed Away.

//// Rain
(oW < e,
- n Proportion To
\ / Erosion
Run Off Gully
Carries Away
Top Soil. % Plant Roots
/ =
From Today
Our Family will
Greater Runoff.

(357) Running Water And Erosion(3)
(357)Running Water And Erosion(3)
Plant Roots
\\\\Rain

o s )

SO|I Particles

\Ru\n Off
Plant Trees
Greater Erosion

River




(358) Running Water And Erosion(4)

(358)Running Water And Erosion(4)
Land Shape

- Land Shape Steep Slope
Rain
Amount Of Run Off Greatest

— .
\\\ Rain Run Off

\Ri””in Water / Water Flow Rapid
\ / Erosion Erosion Great Deal Of
Run Off Gully
Run Off Carries Away Remarks Need Proper Cares
\\ Top Soil. RW
V

Stream

1.Plant Trees.
2.Do NotCut Trees.

3.Build Rock Wall.

4 Earth Dam,Fill Dam( Small) .
5.Do Not Release Goat

6.Do Not Make Charcoal.

7.Do Not Destroy Nature.
8.Environmental Protection.
9.Do Not Forget Mountain God.
10. People Love Not Only Family
But Also Nature.

The Ten
Commandments




(359) Deposits By Running Water

(359)Deposits By Running Water

O
AN\

Run Off

Erosion

Running Water
The River
Flows.
4

—

Carved
Out

River
Carries Away

Pieces Of
Rock

_~ Deposition >
Rock And Materials @
Are Deposited.

Stream

Slows Down.




(360) Wind And Erosion(1)

(360)Wind And Erosion(1)

Clay,Silt,Dust,

. ,‘17 ok :%g;@ Top Soil

o0 O

Before Planting Trees
(4

" Wind

OO0 O@Q

Exposed Rocks

Windbreak Prevents
Wind Erosion

After Planting Trees




(361) Deposits By Wind(Dunes)

(361)Deposits By Wind(Dunes)

=
Wind
ol %f Top Sail
oo O
Gentleman,
Wait Please. Wind Direction
O;do%%sgoo() M

© = Wind

/ Wind Slows Down Sand

Trees Wind Break
(Dunes)




(362) Soil Conservation

(362)Soil Conservation

Each Year
Billions Of Tons
Of Soil Are Lost

From The Surface.

-}
Rain
Run Off
///Erosion
Run Off Gully

Carries Away R -
Top Soil. y

Stream

R\unnin Water

1,To Find The Source Of The Erosion.
2,Design A Program To End The Erosion.
3,Proper Number Of Cattle.
4.Irrigation Systems.
(Dams,Soil,Water,And Vegetation)

: Farm Land
River ———«—
Felrglsvzz;zesdo'a'way What Shall
: a We Do?

The Best Way To End The Erosion.

¢

Soil
Conservation
Engineer

To Plant Trees.




(363) Thrust Fault And Normal Fault

Hanging Wall
Fault

Foot Wall

hrust Fault
ompression

(363)Thrust Fault And Normal Fault

T [ 0 &
Lowered Block /

Va

Raised Block

Normal Fault
Tension

Rift Valley




(364) Folds

Rocks
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Metamorphic Rocks

Pressure

Pressure
Metamorphic Rocks

Metamorphic Rocks
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(365) Groundwater

(365)Groundwater

| Have
D

Shallov< Well Deep Well Traditional Run Off / / W ater Recharge Into Groundwater
Shallow
% Spring Water Well Water Table
River \ Zone Of Saturation

Groundwater

|

I

— =
N ]

Permeable SandStone

Impermeable Rock (Aquifer)
(Aquiclude)
595252 i
gogogo Pore & ES
ggggg/g; Spaces &1 No Pore
959595 Soil Permeable SandStone :  Spaces
ey o age) H o, oo
£00089¢ — And (Aquifer) i Impermeable Rock
2222209 Rock i (Aquiclude)




(366) Water Diversion

(366)Water Diversion

AW Run Off
< Dam

Reservoir

Drinking Water

Water Table
(Underground Water)

River,Stream

Pipe Line

Dam And Pipe Line
Are W ater Diversions




(367) Purified Sewage Water

(367)Purified Sewage Water

Some farmers
use Purified Sewage Water

Reservoir

Sewgge Plant

(Wuiférgfgtﬁd Water) RiverStreq I rrlg atlo n gu rlfled
ewage
Water




(368) Reservoirs

(368)Reservoirs

Reservoirs Are Constructed
To Hold Water When It Is Needed.

To Build Fill Dam( Height=1.0"2.0m )
On Dambo( Swamp) .
Good.

Reservoir

Reservoir

Water Table
(Underground Water)

River,Stream

Fill Dam




(369) Aqueduct

( 369) Aqueduct

But ,We ForgotTo
Plant Trees.

The Ancient Romans
Constructed Aqueducts
To Carry Water .




(370) Canal

PYOP

¢

But, They Forgot
To Plant Trees.

( 370) Canal




(371) LandForms

( 371) LandForms

Plains Plateaus Mountains

No Morning
Without Night

®
T




(372) Mountains

( 372) Mountains

Folded Mountains Upwarped Mountains

\

Volcanic Mountains

Rock Layers Are
Squeezed

From Opposite
Sides By Forces
Inside Earth

Molten Material
Reaches
The Surface

Pushed Up By
Forces
Inside Earth

FaultBlock Mountains

A Large Crack In Rock




(373) Latitude And Longitude

( 373) Latitude And Longitude

North Pole
( 90 Degrees
North Latitude)

Prime Meridian
( 0 Degree Longitude)
Greenwich,England
0 Degree Longitude
( 07180 Degrees)

5°

Longitude

40 Degrees W
A\

70 Degrees S

South Pole
( 90 Degrees
South Latitude)

Coomm)

The Earth




(374)Topographic maps

( 374) Topographic Maps

Topographic Maps
Show The Changes

In Elevation
Of Earth’s Surface.

Contour Line




(375) Soil Engineer

(375)Soil Engineer

(el
AW

Run Off

Kafue River

Bridge

Soil Engineer Tests The Soil.
A Soil Sample Is Taken

To Decide Whether Or Not
It's Safe To Build On The Land.

GreatEast Road




(376) Forest Patrol

( 376) ForestPatrol

Forest Patrol.
I Do Not Tolerate
Cutting Trees.

God Does
NotBless You.

=
W

2000

Great East Road

Kafue River




(377) Energy Transfer In The Atmosphere

( 377) Energy TransferIn The Atmosphere

20% Absorbed @

By Clouds
And Atmosphere

25% Reflected
By Clouds And

5% Reflected Atmosphere
50% Absorbed By Surface
By Surface
R Dam
~_ T T [/
~1 [ <

A
s
A R

— \
/11 =
= = ==h 2
Many H

Reservoir |

Drinking Water

Water Table
(Underground Water)

River,Stream




(378) Green House Effect

( 378) Greenhouse Effect

Incoming

Solar

>
1]
o
(0]
c
L

Greenhouse Gases

Greenhouse

TR

Deforestatio

Exhaust’
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127

7

z

Z

Cows

Rice Paddies




(379) Global Warming

( 379) Global Warming

Coal)

’

,Petroleum
ing

ing Of Natural Gas

( The Burn

’

1

Burn

\

Carbon D

de
Increase

Green House Effect

10XI

\

Incoming
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Greenhouse Gases

Deforestation

2

Sy
BRI

Greenhouse

Warm Up

Rice Paddies

Deforestatio




(380) Deforestation

tion

( 380) Deforesta

ing)

Deforestation( Global Warm

1,Trees Take In Carbon Dioxide As They Grow.

2, Tree Burn

ing Produce Carbon Dioxide Into Atmosphere

Incoming

Solar

[ Take In CO2,
And I Produce O2.

Greenhouse Gases

SFIRITIXT,
@;@3”".}‘3“%:

£%

i

S5,
&5

5

<X
o

=
% %

7

Greenhouse

R
&OO’
R

K2R XA

Deforestatio

TR

N R

%V////////

/.
>

%
%
///// /%

L ——wloon

Vehicle 7,
Exhaust

/
2
/
ol

)

Cows

Rice Paddies




(381) Air Pollution

( 381) Air Pollution

1,Smog( Polluted Air)
2, Holes In The Ozone Layers.
3,Acid Rain.

= 7 SR S0
— S S
m&w& ¢" /i m,,m,e,,,h,;m,”g"'.‘o', O '¢' '«”“:
00 95%% S X S S
RESRITRES S sy
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G

N
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Burning

% Vehicle

Exhaust
60%

o/

Iy

Power Plant
15%




(382) Smog

( 382) Smog

1,Smog( Polluted Air)
2,Holes In The Ozone Layers.
3,Acid Rain.

Smog( Polluted Air)
Fossil Fuels are burned.
Nitrogen And Oxygen Combine To Form Nitrogen Compounds.
These Compounds React With Sunlight To
Produce Other Substances.
1,Holes In The Ozone Layers.
2.Health Problems.
3,Acid Rain.

Burning
5%

Power Plant
15%

R RRITTR
e
SRS

11“%!42%50%03'6" 5%

T L

o
X
K

R
5

[

53

R
R

XKL

Industry
= 15%




(383) Ozone Layer

( 383 ) Ozone Layer

Sun’s Ultraviolet Radiation

The Ozone Layer

%

SIRIREES,
SIS
% R SEARIARITAEIK
I Nl s
‘%5‘{5};&'.; A
RS
20007
N
,//Z/Z

Burning
5%

Vehicle
Exhaust

Power Plant
15%

Do You Love

Your Family?

i

The Ozone Layer
Protects Us From
The Sun’s Ultraviolet Radiation.

Chlorofluorocarbons From

Air Conditioners,Refrigerators,
And Spray Cans Are
Destroying The Ozone Layer.




(384) Acid Rain(pH=5.6)

( 384 ) Acid Rain( pH=5.6)

_+ + + Acid Rain Kills Plants,
+ + +Insects,And Organisms.
o+ o+ o+ o+ o+

+_+_*,€ Earth’s Forests Are Dying)
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Burning

5% Vehicle

Exhaust

Power Plant
15%

If You Destroy
The Forest,
You Will Kill Me.

)

Sulphur Dioxide
From CoalBurning
Combines With
Moisture To Form
Sulphuric Acid.

Nitrogen Oxide From Car Exhausts

Combines With
Moisture To Form
Nitric Acid.




(385) Acid Rain(pH=5.6)

( 385) Acid Rain( pH=5.6)

+ *, *Insects,And Organisms. SRR
+, *.{ Earth’s Forests Are Dying)- , + + + + +
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Burning
5%

Power Plant
15%

14

HouseHold Ammonia( 11.1)
Milk Of Magnesia( 10.5)

Seawater( 8.3)

Pure Water( 7.0)
Milk( 6.5)

Acid Rain ( 6.5)
Tomato( 4.0)

Lemon( 2.3)

_ Human Stomach( 1.6)

0




(386) Effects Of Air Pollution On The Body

( 386) Effects Of Air Pollution On The Body

Eves No,May Be.This Is A
Revenge From God.
+ oF o+ o+ E
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(387) Acid Rain

( 387) Acid Rain

"+ Acid Rain Kills Plants,
. +Insects,And Organisms.
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(388) Causes And Effects Of Water Pollution

( 388 ) Causes And Effects Of W ater Pollution

W ho Pollutes W ater Pollution Causes.
W ater? 1,lllegal Dumping.
2,Carelessness.

3,Day Activities.

Flush Toilets

Wash Hands

Brush Teeth
4,0il And Gas Run Off From
PavementInto Streams.

W ater Pollution .

Health Problem .

To Humans And Other Animals.
1,Cancer

2,Dysentery

3,Birth defects

4,Liver damage

Kafue River

PO
W ater Pollution
9999

“a




(389) Reducing Water Pollution

( 389 ) Reducing W ater Pollution @
Follow Three Important Laws.

1,Safe Drinking W ater Act
2,Clean W ater Act
3,Water Development Act

W hat Shall
We Do?

Kafue River

PO

Rivers And Lakes Are
Polluted By Sewage ,
Soaps,And Fertilizers.
1,Sewage.

2,W aste water.
3,Industrial wastes.

W ater Pollution

z iy

Zambezi River
‘ PPOP

<
a4




(390) What Can | Do?

( 390) WhatCanIDo? @

Change Your
Life Style.

Kafue River

PPOP

1,Reduce The Amount Of Water Used.
2,Conserve Energy.

3,Recycle If You Can.

4 Don'tDispose Chemical W astes.

W ater Pollution
POOP

<
4




(392) Types Of Soil

( 392 ) Types Of Soil

God Has Given
s Rain. ‘é

Little Rain.
Cold.

Dry. *\7" ‘ .-;‘ = A\ v‘:‘“—
\l‘ wﬁ ;é . | ”“»7 ( A‘ 'i o ,‘\ .
Top Soil ( AHorizon) NS 4N
Qjc{ ,_/ .*"‘% [ ,-"'m W, - ‘- > Q%;;;@
%@’@ »:"‘" ly Top Sol
vl o> of o (A-Horizon)

Bed Rocks %ff %gié@ @gé@ &
. - - - = Earth Worms
S S Ko i o o B S
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(393) Formation Of Soil

Mother's Love
Is

@ Soil Is
Your Mother.

Bed Rocks

( 393) Formation Of Soil

Soil Evolves From
W eathered Rock.

Bed Rocks

=) & e b Top Soil

> = 5 5 «%@Q%} «z-%‘%» > g (A-Horizon)
a-fsf:s» Ko K o G ol B K
%%%%%Q@ Earth Worms

SESEGT s




(394) Soil Loss

( 394) Soil Loss

—
. Rai 2
Without Grass On The Land, (1 ain
Wind And W ater Carry Away ~ I | . . A
The Top Soil. N/ oor Farming Practices.
.1‘4,«: Wind L,(évergrazisng. .
N ,Growing Same Crops
ouo %M g p

= Every Year
TN S~ In The Same Area.
" ~
| \\ ( Monoculture )
\ o
@ O
3 Worm Brothers BaoBab Tree 3 Soil Brothers

Before Cutting Trees,Soil Was Rich.
After Cutting Trees,Soil Is Poor.




(395) Soil Loss

( 395) Soil Loss

-

e
Rain // \

Bread,Paper,Cotton,
Tree,And Plant

All Resources Are
Grown On Soil.

All Civilizations
W ere Ruined.
When Soil Was Lost

We Make Soil Rich.

Water Is My Mother.| ¢ @
Root Is My Father.
Sof Is My Life. © O
3 Worm Brothers BaoBab Tree 3 Soil Brothers SoilIs

Important
Same
As A Wife.




(396) Soil Was Carried Away By The Wind

( 396 ) Soil Was Carried Away By The Wind

—O—
‘ D Dry Area.
(1, // \ ry Good Bye.
AN\ .
W Wind s Dear Rainfall Cloud.
<~ 3 M i Do NotEscape.
(e v“ % ik

%0

My Friend.
Do NotOver
Eat Grass' Roots.

>’ %7 ‘;"< —_—
,/ / \\\ N Overgrazing( Cattle,Sheep,Etc)
/ / ‘ \\ Bare Land.Wind And W ater Carry Away Top Soil.
\ Soil Evolution Is Slow When Soils Are

Damaged By Overgrazing In Areas

That Receive Little Rain,

A Desertls Formed.( Desertification)
Deserts Drive Away Moisture Laden Clouds.




(397) Poor Farming Practice(Rotating Crops)

( 397) Poor Farming Practice( Rotating Crops)

Every Year.

Same Crop ( Maize) _ Rotating Crops.

f » Y Y Y S

i if ‘ i) | .
\?" \g’ \%’ \g/ \g’ \3‘!/ \3/ \g’ \?‘/
|

|

L]
AN WA

H AR
%@‘%/ \ "

Growing Crops Every YearIn The Same Area.
This Soil Is No Longer Good For Growing Crops.

!!‘ J‘ /f!!‘ /f!!‘




(398) Clearing Of Forests For Farming

( 398 ) Clearing Of Forests For Farming

Which Do
Soil Depends On The Rich Nutrients You Choose?
Provided By The Forests.

When The Forestls Removed,

The Productivity Of The Soil Is Lost
Nothing

After Cutting Trees.

Cutting Of Forests
Leads To Soil Loss.




(399) The Agents Of Erosion

( 399) The Agents Of Erosion The Five Agents Of Erosion.
) 1,Gravity
A\ 2,Running W ater
3,Glaciers
Run Off 4 Wind

5,Human activities

Erosion

Running Water
Since Millions Of Years Ago,

I Erosion And Deposition Changed
it

Carved
Out

The Shape Of The Earth’s Surface.

Rivers

Carry Away
Pieces Of
Rock

_~ Deposition
Rock And Materials
Are Deposited.

River




(400) Erosion And Deposition By Gravity

( 400) Erosion And Deposition By Gravity

Loose Materials
Slide Downslope.

Weakened Material

After Cutting Trees.
Soil Apt To Slide Down.

<3
ARG 4
S
LB 5




(401) Erosion And Deposition By Gravity(Rockslides)

( 401) Erosion And Deposition By Gravity( Rockslides)

> Run Off
AR\

W eathering Breaks

[
LLLe
AN
Cooeere Rocks Apart
S Y 4
Iy AA
HHHHHHHH\@
N A A
) @\/ .
A mt | Gravity Erodes
N C e “@  sediments
CHECERERERERES @
Ay o
Iy A I |
. EECEECEEEE
Caution One Second. CCCCLELEEEET

Injury Long Life.




(402) Erosion And Deposition By Gravity(Mudflows)

( 402) Erosion And Deposition By Gravity( Mudflows)

> Run Off
AR\

Heavy Rains Fall In Dry Areas.
The Water Mixeg' With The Sediments.

Mass Movements Chang
The Shape Of A Slope.

H SIS
Deposited . .ox% 7%

i

S SRS 5K 5

S S S EIL
SISRISE KL X
st ety
SRS SIS
el et B Bt
ARG RSN
AR IREEAGIAINRES
B
,‘,vv,o"‘,";.;%&//pA
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(403) Developing Land Prone To Erosion

( 403) Developing Land Prone To Erosion

< Rain
W\

People are

Develop Towns not forgiven.

God.
Forgive Us.

Landslide,Erosion




(404) Developing Land Prone To Erosion(Reduce Erosion)

( 404) Developing Land Prone To Erosion( Reduce Erosion)

After Rain

We Can Never
Eliminate Erosion,

Planting Trees Is The Best W ay.
-ﬂ Because Not Only Do Roots Hold Soill,
> But Also Plants Absorb A Lot Of W ater.

Landslide,Erosion




(405) Wind And Erosion(2)

( 405) Wind And Erosion( 2)

Clay,Silt,Dust,

P 7 Top Sol No Trees To Protect
o0 O

Before Planting Trees

=
7" Wind

The Sediments Are
O 2o 000 Exposed By Wind.

Exposed Rocks

Windbreak
Stop Wind Erosion

Many Plants
= (A Protect Top Soil. ot
_ B 5 000 :%/(/ @ @ 2 Soil Brothers

—~ " - —  Wind

O / «b Top Sl A fv?/i!li Not$S
C 2 e‘ IWill NotLoose Soil. il Not Separate
SN O 20N From You.

After Planting Trees




(406) Water On Earth

The Earth

( 406) Water On Earth

2% Ice

The Earth’'s Surface Is 70 Percent

Covered With W ater.

97% Of WaterlIs SaltW ater.

2% Of Waterls Ice.

97% SaltW ater 1% OfWaterIs Fresh W ater.
( Only 1% Of Water

Can Be Used For Drinking

1% Fresh W ater And Growing Food )

We Can'tUse
W ater For Chibuku.




(407) Water As Part Of You

( 407) Water As Part Of You

Almost65% Of Human Body Is W ater.

Teeth Consist Of About10% W ater.

65% W ater Brain Consists Of About80% W ater.
When We Lose 1 To2 % OfW ater,
We Become Thirsty.

We Would Die [f We Lost

Over 12% Of Our W ater.

12% W ater Lost,
You Die.




(408) Water In Your Body

( 408) WaterIn Your Body

W ater In Our Bodies Helps
No Control Our Temperature.

Problem.
Blood In Our Bodies Helps To

Carry Extra Heat To The Skin.




(409) Why Water Is Important To Plants ?

( 409) Why W ater Is Important To Plants

Plenty W ater

Each Plant Cell Contains Living Material.
The Living Material Inside Each Cell [s
Mostly Made Up Of W ater.




(410) Water And Animals

( 410) Water And Animals

~~ o0 I Want
o O
o © C —
oS4 /
i ()
% ST SESSET

Little W ater

Plenty W ater

Each Animal Cell Contains Living Material.

The Living Material Inside Each Cell Is
Mostly Made Up Of W ater.




(411) Water Use In Our Life

( 411) Water Use In Our Life @

How Much
Do You Need?

v

My Body Needs
Almost 2 Litres
Of Water A Day.

Most People use
19 litres of water
each day.




(412) Water For Irrigation

( 412) Water For Irrigation

My Mother Told Me To
Use W ater Carefully.

1 100 1 Ton 100 Ton
Of Maize Of Water




(413) Water For Irrigation(Sprinkler)

( 413) Water For Irrigation( Sprinkler)

W ater Evaporates
Into The Air

Spray Water Sprinkler
W astes W ater.




( 414) Water For Irrigation( Drip Irrigation )

(414) Water For Irrigation(Drip Irrigation)

God Bless
You.

/—\

oY

»
e R R R S S
o _o_,o_,o_,o,o_,o_,o,o_,o,o_,o,o,o_,o_o,o,o_o,o_,o_o_,o_,o,o,o,o 0,0, 0O O O_O_O_O_ O OO O-O0O_0O

7

Drip Irrigation

N

A Small Amount Of W ater
To Sink IntoThe Ground

&0
D._I
o O
D
e
T ©
on N
=
O
c 2
< 2
n
7
(o]
(a

Of The W ater.

20%




(415) Water For Irrigation

( 415) Water ForIrrigation

Sprinkler

W hich Is
Better?

e N Miﬁmv
- B
e )
FH0 0 O
[ uﬁ_ -
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\ Drip Irrigation




(416) Water For Industry

( 416) Water For Industry

H Steel Water
. My Father Told Me To
— ﬁ Use W ater Carefully.
/
o/
— L

1 Ton 245 Ton




(417) Water For Industry(Chibuku)

( 417) Water For Industry( Chibuku)

Chibuku( Beer)

My Wife Told Me.
Not To Drink Chibuku.

SO,

i 10 Litres : v
1 Litre 1 thlre Of 10 Litres Of
Chibuku
W ater




(418) Water For Power

( 418) Water For Power

Kariba Dam

Dam Produces Electric Power.




(419) Water Transportation

( 419 ) Water Transportation

Namwala

_ Using boats,canoes or ships.

Itezhi-Tezhi




(420) Water For Recreation

( 420) W ater For Recreation

We Used To
& Swim In The River
b When We Were Children.

My Child !
Come Back Home.
Before Sunset.




(421) Runoff And Rivers

( 421) Runoff And Rivers

>
W ater Flows Over Rain
The Surface Of
The Land. -
(' Runoff) W ater infiltrates into ground ANAN
Groundwater)
)

n Off( Overflow)

Sun Light
Underground
Water

( Infiltrates into the ground )

Reservoir
r

Fill Dam Pond ~—=—" Drinking Wate
River,Stream Swamp,Dambo




(422) Watersheds And Floodplains

( 422) Watersheds And Floodplains

The W atershed The W atershed
Of The Zambezi River Of The Kafue River

-
- /11




(423) Watersheds And Floodplains

( 423) Watersheds And Floodplains

Heavy Rain

O DD LD OO Do OO D () —
TR m WS WS w® W W W g7 T T T TP
a7 577

No Tree No Tree

Why Is There
No Flood?

Heavy Rain

O o oL L oo O o o
TR W W W W W™ W SN 77 m 7w w7 7 T T
77




(424) Trees And Flood

( 424) Trees And Flood
Heavy Rain

DO OO OXRLLEATROOD O oo —
M T AWM AW AW AW W N g 2 i T T
R

Plenty Trees , /W\ . PIentyTrees

1,Trees help protectthe land from uncontrolled runoff.
2,The roots of the trees help the ground to hold water for a long time.




(425) No Trees And Flood

( 425) No Trees And Flood

Heavy Rain

- OO OO O

O O XKL
AN %3\ %3\ TR T I R SN A S NS ST RIS UR TR

OO O )
Yy OO DO O
O T T i 7

No Tree i OT P W No Tree

1,Uncontrolled runoff causes much damage to the land.
2,Much top soil is washed away from land where trees are cut down.




(426) Uncontrolled Runoff And Flooding

( 426) Uncontrolled Runoff And Flooding

Heavy Rain

- OO O O D
AN §\>\ %\D\ AL T AT AT AT AN QR AR W N

OO
177/ /7 OO O O
S T b

Floodwaters Floodwaters

1,Floodwaters erode the topsoil .
2 Floodwaters( Muddy water) is notuseful to people
as a source of water.




(427) Underground Fresh Water

( 427) Underground Fresh W ater

Aquiclude
(Impermeable Rock) @

Aquifer

Permeable Rock
Zone Of Saturation

( Saturated Rock)
Sandstone ,Limestone
These kinds of rock
are layered and contain

many tiny cracks and spaces. é}\

The amount of groundwater is
35 times greater than
the amount of water
in rivers and lakes.

y ——Impermeable Rock

AN

Permeable Rock




(428) Underground Fresh Water

( 428) Underground Fresh W ater

Heavy Rain

W ater Table
J Dry,Heavy use

Underground water

(1)Aquiclude
(Impermeable Rock)

\ ( 2) Aquifer

Permeable Rock

Zone Of Saturation

( Saturated Rock)

Sandstone ,Limestone

These kinds of rock

are layered and contain
many tiny cracks and spaces.

The water table can rise and fall.
Heavy rain raises the water table.
Dry spells or heavy use of ground
water can lower the water table.




(429) Underground Fresh Water

( 429) Underground Fresh W ater

W ater Table( Lower)

@ @ < ) eav ain
Yy /1)) //1//) ot

Plenty Trees

W ater Table( Rises)




(430) Underground Fresh Water

( 430) Underground Fresh W ater

W hat Shall
You Do?

No tree.
No W ater.

Trees and plants will die
because water can no longer
reach their roots.

W ater Table( Lower)




(431) Underground Fresh Water(After Planting Trees)

431) Underground Fresh W ater( After Planting Trees)

Seeds
og % o .
o;eiﬁg“%:eo@moeio After Planting Trees.
22 5° %moo%.%;%oo 1.Water Table( Rises)
"o 88 2 Plenty Rain.
3.Rich Soil.
4.No Erosion.
5.No Flood.
o 6.Spring.

7.Plenty Animals,Plenty Earth Worms,
And Plenty Birds.
. 8.No Envy.
Water Table( Rise) 9.No Fighting.No W ar.
10.Escaped Wife Returns.




(432) Spring And Swamp(Dambo)

( 432) Spring And Swamp( Dambo)

Cultivate The Land
Plant Tomato,Vegetable,Potato,
Maize,Onion,Carrot Etc.

ater Table
Swamp( Dambo)




(433) Artesian Well

( 433) Artesian Well




(434) Hand Pump(Deep Well)

( 434) Hand Pump( Deep Well)

Mamma.
I Will Work
For Mama.

N

SR
X

,.,
2

CTEESS
SETSNS
ML
S
o T
NG

SR TSN
X 3R
ey 3 XY
3
e =
SN
SN
&%
S

S

(@)

3

o

=

Q

o

Al

0

2

3




(435) Springs,Streams,And Swamps (Dambo)

And Swamps( Dambo)
Depend On W ater Table

( 435) Springs,Streams

Planting Trees

)
o)
o)
L.

T
o0
c

E=)
c

©

(a

W ater Table

Rich Soil

W ater Table

Swamp( Dambo)

Cutting Trees

Spring

W ater Table

Swamp( Dambo)




(436) Dams,Aqueducts,And Reservoirs

( 436) Dams,Aqueducts,And Reservoirs

1,To Build Dams And Aqueducts Is Expensive.
2,To Build Small Fill Dams On Swamp
( Height=2"3m) Is Cheap.

W ater Table

Swamp( Dambo)




(437) Drought

( 437) Drought

If You Cut Trees.

-
ee D Tty Y
Spring, ]
Pond,
Stream Swamp

1,Very litde rainfall.

2,Many animals and plants die.

3,Bush fires start easily.

4,Such fires kill many animals and plants.

V
W ater Table

Dambo)




(438) Drought(Loss Of Soil)

( 438 ) Drought{ Loss Of Soil)

1,The ploughed soil,unprotected by plants,

is blown up into dust clouds
If You Cut Trees. by the wind.
e Rich Soil
ees ey g

Spring, = T V
Pond, W ater kable

Stream Swamp( /Dambo)




(439) Drought(Self Help)

( 439 ) Drought({ SelfHelp)

Never Hope Governments
will help you.
Firstly,Plant Trees.




(440) Erosion

( 440) Erosion

Heavy Rain

OO OO OO D Do OO O
AL T TR WL AL TREL AR AR AN R AT A AN

Plenty Trees

—~
=

No Erosion
No Flood

Erosion
Flood

O O )
Vv ©©©©©©©:
A A ATy Vi /1// ///O/

RunOff carries soil particles
as the water flows downbhill.




(441) Erosion(Soil)

( 441) Erosion( Soil)

Heavy Rain @

- OO O DD OO O
AN <\\D\\ <\\D\\ T AL UL AR A AN QT AL A W

Loss Of Soil.
Can notbe repaired
or replaced.

Plenty Trees
2TYOD _ /_ﬁ

O O )
Vv —h e N el NN Na)
O 7Ty A 7S

No Tree

RunOff carries soil particles
as the water flows downbhill.

No Erosion Erosion
No Flood Flood




(442) Heavy Rain Causes Erosion

( 442) Heavy Rain Causes Erosion

DO OO ORI oo .
RN RN N N NN NN 7 T2 ol g Y
I 177

Plenty Trees

No Tree

=

g 7 ‘ ' = -
No Erosion Erosion
No Flood Flood A

W ater picks up and carries much sand and silt
The sand and silt make the water dirty.

Ithas to be filtered to remove the particles.
Filtered water is costly.




(443) Water Pollution

( 443) W ater Pollution

Many kinds of wastes cause water pollution.

1.Polluted water contains disease.

2.People become sick from drinking polluted water.
3.Industries dump polluted water.

4.Polluted water contains chemical and organic wastes.

- i
N Pollution
-
Wastewater
//// Treatment
Plant

Sewage
Wastewater

Reservoir

Water Table
(Underground Water)

River,Stream




(444) Farming Causes Water pollution

( 444) Farming Causes W ater Pollution

1.Modern farming uses large amounts of fertilizer.

2.Most of the fertilizer is used up by crops.

3.Some of the fertilizer may be washed into nearby rivers and lakes.
4 .Many kinds of wastes cause water pollution.

5.The fertilizer causes water plants to grow in great numbers.
6.Later these plants die and decay.

7.0xygen in the water is used up.

8.Without oxygen ,fish and other animals in the water die.

Pollution

Many Factories

——
-

Wastewater
Treatment
Plant
eERl
Sewage
Wastewater
g Swamp
¥ _\y § . Dambo
\ X v Y v
H =7
Water Table River,Stream

(Underground Water)




(445) Increased Population

( 445) Increased Population ?

1,Increased Population. @

2,Has caused a greater need for fresh water.
3,0verpumping,and the wasting of water

have caused water shortage.

My father and mother

made love.
Then ,I was born.

Wastewater
Treatment

E=1x3 o) uli Plant
Many Houses

Sewage
Wastewater

@
<7 Water Table

(Underground Water)

River,Stream




(446) Droughts

( 446) Droughts

1,Living things

can notget
If You Cut Trees. enough water.
%
ee D Tty '
AN )}

Spring, v Y] \V4
Pond, W ater Fable

Stream Swamp( /Dambo)




(447) Flooding And Erosion

( 447) Flooding And Erosion

Flooding and erosion cause problems
by making the water unclean

Heavy Rain

O OO R RIILDLLXX —
AT T T T AR AN AN AR NN W W s //? //9 ;? /g; //9 //C; ﬁ TP
I 1777

Plenty Trees

No Tree

~
g —

RunOff carries soil particles
as the water flows downbhill.

No Erosion Erosion
No Flood Flood




(448) Water Quality

( 448) Water Quality

You are 150%.
Happy.Happy.Happy.

Dissolved minerals,high salinity,
and organic materials are natural things
that affect the quality of water.

jﬁ _— Pollution

Many Factories

W ater of my birth place is
the bestin the world.

My baby is
the best in the world.

Remove Pollution
4~ From River And Lakes.
—_ Wastewater

Sewage Treatment
Wastewater Plant

Many Houses )

Lake Reservoir
9

Water Table River,Stream
(Underground Water)




(449) Water Pollution(Sources Of Water)

( 449) W ater Pollution( Sources Of W ater)

W ater pollution keeps people from using
sources of water because the water
is unclean or dangerous for many uses.

My grandfather
told me to
use water
carefully.
Same as a wife.

W ater Sources

O / Pollution

Many Factories

Wastewater
Treatment
Plant

. Wastewater
Reservoir

. Irrigation ' 7
—Z, Fill Dam Drinking Water Swamp

> 9
n
.',. g A Dambo
\ X I\ “?.; ' A
= ~——=(—

Water Table River/Stkeam
(Underground Water)




soaking Into
ground

W astewater

W ater Table

00000000

Well

Recycle W ater
Recharged

( 450) Recharging Wells

00000000
00000000
00000000

00000000

(450) Recharging Wells
Storage Tank | —

W astewater
and Pump

C0000000

000000000
00000




(451) Recharging Wells

( 451) Recharging Wells

Recycle W ater

Recharged

Well

Filter( Gravel And Sand)

W ater Table

Underground W ater

000000000

00000000
00000000

00000000

C0000000
000000000
00000000

000000000

( 1) Wastewater

Storage Tank

( 2) Wastewater
and Pump

soaking Into
ground

Pumping wastewater or

spreading wastewater

over the land

extra water into the ground

by using special wells.




< 5
w20 >
=
200
5832
)

oo >0

Filter( Gravel And Sand)

Recharged

Well

( 452 ) Recharging Wells
Recycle W ater

00000000

B,Store extra water in the ground for dry times.

A,Return the water table to normal.

Recharged Well

G0000000

(452) Recharging Wells

000000

W ater Table
Underground W ater
ground

spreading wastewater

over the land

( 1) Wastewater
soaking Into

Pumping wastewater or
extra water into the ground
by using special wells.

Storage Tank
and Pump

( 2) Wastewater




(453) History Of Water Purification

( 453) History Of W ater Purification

Some sources of water make people sick.

2000B.C. People in Many Civilization.They treat their drinking water by boiling.

Putalum in tubs of dirty water to make the water safer to use.

Roman soldiers mix wine with drinking water.

In 1885 The city of London began filtering its water through sand filters.

In 1892 Many people in the world ,became sick from cholera,caused by
certain germs in unfiltered drinking water.

In 1909 People began to use chlorine to kill certain germs that cause
Typhoid Fever.

By

Boiled W ater
@] i%
Dﬁ W ater Mixed With Wine

Gravel

Sand

W aterIs
The Best




(454) Soil For Growing Plants

( 454) Soil For Growing Plants

Top Soil

(A-Horizon)

S;l')_lsc_)” / 5 ater Soaks Into The Groun
(B-Horizon) Leaching

Weathered Bedrock
(C-Horizon)

Immature Soil

Unweathered
Bedrock

Top Soll
[t takes many thousands of years
to form 2.5cm( 1 inch) of soil.

Dark Coloured
Worms,Beetles,And Bacteria
Decay

Humus,Organic Materials
Fertile Soil
Plants Grow

Weathered Rock




(455) Makeup of Soil

( 455) Makeup of soil

Top Soil
Ittakes many thousands of years
to form 2.5cm( 1 inch) of soil.

W eathered rock
( Mineral matter)

Dark Coloured
Worms,Beetles,And Bacteria
Decay

Humus,Organic Materials
Fertile Soil
Plants Grow

Organic matter
Top Soil
(A-Horizon)

Sub Soil }/ s Rich Soil Poor Soil

B-Hori ater Soaks Into The Groun
(B-Horizon) Leaching Mineral matter Q X

Weathered Bedrock

) Organic matter
(C-Horizon) Immature Soil Weathered Rock Q X
Plants
Unweathered
Bedrock Q X




(456) Plants And Soil

( 456) Plants and soil

The mineral and organic matter used
by the plants is returned to the soil)

Soil becomes poor

Top Soil

It takes many thousands of years
to form 2.5¢cm( 1 inch) of soil.

Top Soil
(A-Horizon)

W eathered rock

Dark Coloured ( Mineral matter)

Worms,Beetles,And Bacteria
Decay

Humus,Organic Materials
Fertile Soil
Plants Grow

Organic matter

Rich Soil

Poor Soil

Mineral matter

O

X

Organic matter

O

X

Plants

O

X




(457) Plants And Soil(Fungi,Mushroom)

( 457) Plants and soil( Fungi,Mushroom)

. S

Top Soil.
It takes thousands of years
to form 2.5¢cm( 1 inch) of soil.

Top Sail
(A-Horizon)

W eathered rock
( Mineral matter)

Dark Coloured
Worms,Beetles,And Bacteria
Decay

Humus,Organic Materials
Fertile Soil
Plants Grow

Organic matter

Rich Soil Poor Soil

Mineral matter O ><

Organic matter O )<

Fungi( mushrooms) help return materials
to the soil when the fungi break down leaves

Plants O ><

and other remains of living things.




(458) More People,More Change

( 458) More People,More Change
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(459) Natural Resources And People

( 459 ) Natural resources and people

Oxygen W ater Plants Animals

(&

Our Life Food

'




(460) Lumbering Results

( 460) Lumbering Results

Before Cutting Trees

T

The roots of trees help
After Cutting Trees hold the soil in place.

>
S
Wind
- o — Trees and plants keep

Topsoil the soil from being eroded

/ @@@W@@@@@ % by water or wind.

The soil may be carried into rivers,
making the water very muddy.




(461) Lumbering Results(Close Together)

( 461) Lumbering Results( Close Together)

&

The branches of the trees
may be close together
that little sunlightreaches
the forest floor.

Sun light

As a result

there may be few plants
Trees Q@ other than trees growing in the forest
No light Few Plants




(462) Lumbering Results(Cut Branches Of Trees)

( 462) Lumbering Results( CutBranches Of Trees)

&

Plenty Trees Cut Branches Of Tree

Sun light ??i@f@ Q ?@?@%@?@@@ Plenty Small Trees

(RIS IAR AL SIS
z» mw»«, ‘goz.m




(463) The Earth

( 463) The Earth

The inside of the earth is
mysterious to people.

Atmosphere

P

RTRS oA

Biosphere

% IR v?“%
g{ Ocean Floor ’74};‘;’0:{,;1
O RGNS
B Ot




(464) Kinds Of Resources Of The Earth

( 464) Kinds Of Resources Of The Earth

The Earth

Atmosphere

Reuseable Resources
Air And W ater

Biosphere Renewable Resources

SR

v > '(,0,';3 Trees And Farm Animals.
: n Floor 255555

gc'w Nonrenewable Resources
(”0&&&%&‘.‘4&'&@ Crust SOIl And Land.

Can NotBe Replaced.




(465) Water As A Reuseable Resource(Water Cycle)

( 465) Water As A Reuseable Resource( W ater Cycle)

O

T T e

Cooled
/

Evaporation from Ocean water
Ocean

and from Plants

Soil And Rock.




(466) Wind

( 466 ) Wind

God of Soil ! No Tree

Forgive Us.

Soil

o
o o

Oo OZOOO N

0088 %00 Wind
853°% N

0 ®
(%o
°%e

O, o
2026262

Top layer of soil

\
W asteland




(467) Eartquakes

( 467) Earthquakes

The Earth

When rock moves along a fault,
greatenergy is given off.

This energy takes

the form of waves and moves

in all directions away from the fault
These waves are called seismic waves.

1,Earthquake is shaking
or rolling of the ground.
2, Earthquakes are caused

by movement of continental plates.

7

Fault \

The rock of the earth is
pushed and pulled
in many directions.

Lo,
KERETR
TR
050550

20550550550
B

35

SIS
299509505
0855058

SRS

&K

.«.tx&’sﬁ

Friction.

W henever rock surfaces
rub together,
There is Friction.




(468) Rock Of The Crust

( 468) Rock Of The Crust

The Earth

Crust

33

SRR HZRLL)

SRS

I I . Basalt
R aeetord

N




(469) People Change The Water(Pollution)

( 469) People Change The Water( Pollution)

People dump their garbage and other wastes
into lakes and rivers.

However,I have
the love to you.

We have
nothing to
dump.

r 7 i)

People !
Do Not Pollute Rivers.
I can not swim.




(470) Soil Conservationist

( 470) Soil Conservationist

Soil conservationists help farmers take care of their soil.
1,To prevent erosion.

2,To make the bestuse of their land.

3,To find ways of improving poor soil.

- i

This soll
needs Love.




(472) Restoring the land

( 472) Restoring the land

After construction
The land became wasteland and was useless to people.
Soil eroded from such land,then made streams and rivers muddy.

Grass is used to hold the soil in place.
Later,trees or crops may be grown in the soil.
Land become useful as parkland or farmland.

Plant grass

\ Cutting

Erosion

Banking

Plant Trees




(474) Controlling Pollution

( 474) Controlling Pollution

People !
1,Air Pollution( Burning Fuels) Do you love

2,W ater Pollution ( Sewage,Used W ater) your family ?
3,Land Pollution ( Garbage and Other Solid W astes)

- Pollution

Many Factories

//// Remove Pollution
V From Rivers and Lakes.
2ot
Run Off " = ; : — Wastewater
any Fouses  gewage Treatment
Wastewater Plant

Reservoir

Water Table River,Stream
(Underground Water)




(475) Controlling Pollution(Air Pollution)

( 475) Controlling Pollution( Air Pollution)
Air Pollution( Burning Fuels)

2,Catalytic converters keep
some kinds of harmful gases
from being given off into the air.

1,Devices are being used in
some chimneys to remove certain kinds
of matter from smoke.

Run Off

//// Remove Pollution
/ From River And Lakes.
Run Off e
- = Wastewater
Many Houses  goyaqe Treatment
Lake Wastewater Plant

Reservoir

Water Table River,Stream
(Underground Water)




(476) Controlling Pollution(Sewage,Waste Water)

@

Ladies And Gentlemen.
The Best Way Is

To Treat Water Carefully.

Lake

( 476 ) Controlling Pollution( Sewage,W aste W ater )

W ater Pollution ( Sewage,W aste W ater)

2 Waste water from factories
and water carrying sewage

must be treated

before the water is

put into a river or a lake.

1,To control sewage
and other wastes
from getting into water.

Pollution

Many Factories

Remove Pollution
V From River And Lakes.

_ Wastewater
Sewage Treatment
Wastewater Plant

Many Houses )

Reservoir

Water Table River,Stream
(Underground Water)




(477) Controlling Pollution(Land Pollution)

( 477) Controlling Pollution( Land Pollution)

Land Pollution ( Garbage and Other Solid W astes)
Food,cans,bottles,papers,plastic containers,and junk cars.
These dumps smell bad.

They provide food and homes for rats.

Some wastes can be recycled.( Sanitary Landfill)

These wastes break down and become part of soil.
But,Plastic does not break down,and does not

become part of the soil.

Sanitary Landfill

Sewage
Wastewater

Water Table
(Underground Water)

River,Stream

We can notfind
a way to recycle plastic.

People.
Unwise !
Plastic

Pollution.

Remove Pollution
V From River and Lakes.

— Wastewater

Treatment
Plant




(478) Damage Caused By Salt Water

( 478) Damage Caused By SaltW ater

One problem is to develop farming on deserts.
1,All fresh water contains small amounts of salt
2.When a river flows to the ocean,litle of this saltremains on the land.

3,Most of the water used to irrigate desertfarmland evaporates.
4 Desertfarmland may become too salty for crops or any other plants to grow.

Damage Caused by Salt W ater

O

Useless Land
g Evaporation

Top Soil

River,Stream




(479) Weather And Crops

( 479) Weather and Crops

Crop Failure
Corn,wheat,and soyabeans are completely wiped out
1,Too much rain
2,Too litle rain
3,Strong winds
4 Unreasonably cold weather
5,Insectdamage
6,Disease

;@f S s e
L S TS =

—
e




(480) laying Out And Preparation Land For Cultivation

( 480) Laying Outand Preparing Land for Cultivation

Tonight
Chicken
And Nshima

Tonight
Beef And
Nshima

o /A
o ot X o s X B V2 -“!(__‘!.’Y‘" L A e 250 27 SR e el
BEERET RETSEAA P 5 85505505 I 0,0 L4 05 o N 5 P o NGOG oy e oy
B et e B o e 0 B e G o g o s oy s et s et B o et el Bl o A B I
s sy ey s et et s et et Bt B e G O G N o oy oy Iy oy sy et oy et oy et Lt B
g e s s s o s S g o s SA S Vs I S er a0 tateda ISPy s %

1,The soil mustbe loosened.

2, The soil mustbe moistbut notwet
3,The soil mustbe aerated.

4, The soil mustbe fertile and living.




(481) laying Out And Preparation Land For Cultivation

( 481) Laying Out And Preparing Land For Cultivation @

Good Crops
depend on

your love.

I Love
My Child.

7;7 o7 B o P _ o .
L e e S s S S S e B S S R SR 7
o el Gt g s s ey U e o A s o o e e s e et o i et o s s o 0 et s %
e et o o o o o e o e o s e e e o e s s sy oty o o ot o o
D o e A e o A P e A s et ol s s e S et et T S 546 5%

Conditions

1,Types of soll

.The soil mustbe loosened Clayey soil,difficult to drain or hard to irrigate.

2,The SO.” mustbe moistbut notwet Sandy soil,water infiltrates easily.
3,The soil mustbe aerated. )
4 Th | tbe fert 4 livi 2,Kind of manure

e sofmustbe fertle and fiving. Mixed into cultivated soil.

Well-decomposed vegetable manure.
Lightly decomposed trash.

Compost
Green manure,etc.




(482) Bed Preparation For Seaonal Crops(1)

( 482) Bed Preparation For Seasonal Crops
Vegetable Bed @

No Night
W ithout Morning.

The beds are raised higher than the paths.

String

1,To Establish straightedges

2,To Level the surface of the patch in order to
stop rain orirrigation runoff.




(483) Bed Preparation For Seaonal Crops(2)

( 483) Bed Preparation for Seasonal Crops( 2 )

Vegetable Bed

Prevent soil from being

/Bed / washed away by runoff.

Hardwood Pole,
Small Bamboo.




(484) Bed Preparation For Seaonal Crops(3)

( 484 ) Bed Preparation For Seasonal Crops( 3)
Cultivated Bed @

No Morning
Without Night

Drainage
Furrow Drainage The problem is one of drainage and
( Drain) Soil

W ater Ridge how to let water flow without

damaging the roots.
sy b x %
[N [N [N
- N

W ater-Saturated Bed




(485) Bed Preparation For Seaonal Crops(4)

( 485) Bed Preparation For Seasonal Crops( 4)
Cultivated Bed( Sunken Beds)

Small Dykes.
Paths. \ @%

1,Small dykes ( paths) are builtto prevent
rain and irrigation water from leaving the beds.
2,The beds are levelled so that water spreads
evenly over the whole surface.




(486) Bed Preparation For Seaonal Crops(5)

( 486) Bed Preparation For Seasonal Crops( 5)
Cultivated Bed( Sunken Beds)

Small Dykes.
Paths;

5 oD For
% £ %
/,; 94

1,Decomposed
( straw,millet stalks,
banana,bark,etc)




(487) Bed Preparation For Seaonal Crops(6)

( 487) Bed Preparation For Seasonal Crops( 6)
Cultivated Bed( Earth Up)




(488) Bed Preparation For Seaonal Crops(7)

( 488) Bed Preparation For Seasonal Crops( 7)
Cultivated Bed( Trees)

L Tree
Circular basin
/ Rains Infrequent
Gentle Slope.

To accumulate runoff water
atthe foot of the trees.

I Like Mango,
Orange,Apple,
Banana,And Papa.




(489) Bed Preparation For Seaonal Crops(8)

( 489) Bed Preparation For Seasonal Crops( 8)
Cultivated Bed( Orange Tree)

Circular Mound

Circular
Irrigation protects the roots
Channel from excessive moisture.

W ater

W ater
{@\Someﬂmes filled with

straw and other mulch,
Moist Soil for best growth.

Moist Soil




(490) Bed Preparation For Seaonal Crops(9)

( 490) Bed Preparation For Seasonal Crops( 9)

Egg Plant

After Fixing The Hand Pump.
We Become Busy But Are Happy.

Irrigation water EggPlantis planted in
poured into soil. shallow holes
that are watered daily.




(491) Earth Up(1)

( 491) Earthing Up( 1)

I expectthatyou . Plantgrow Upl’lght
work for a country. SOIl
Earth U ~
4 P “ Mound
TR —

Before Earthing Up After Earthing Up




(492) Earth Up(2)

( 492) Earthing Up( 2)

Before After

Some
W eeks Later

Roots
Developed




(493) Earth Up(3)

( 493) Earthing Up( 3)

The weeds are buried under the mound.
They rotthere and improve the soil structure.

After
Before Some

W eeks Later




(494) Earth Up(4)

( 494) Earthing Up( 4)

Transplants
When some weeks after Later Still
Transplants Transplants
Irrigation o Frrlgatlon
Irrigation in the furrow
Soil W ater
Manure

The seedling is
transplanted into Roots develop Roots are well established
a small trench. in the soil. and they nourish the plant actively.




(495) Some Gardening Tools

—

(495)Some Gardening Tools

Cultivate Land
Now ,
W e are rich.

—n

Axe
Hoe

Spade

i

Rake

Hoe




(496) Planting Holes(1)

( 496) Planting Holes( 1)

W hen planting trees.

Planting hole is filled with loosened soil. e—
90cm-7/0cm ,width ,depth.
Holes are dug before planting ,after beginning of rainy seaso

At planting time,the soil is aerated and fertilized.

Irrigation 1,Dig a hole,some weeks
Soil Water before planting time.
W\ 2,Improve the soil in the hole
by mixing it with plant or
Manure animal manure before planting.

3,At planting time,fill the hole
with enriched ,well structured soil.




(497) The effects of hoe cultivation

(497)The effects of hoe cultivation

Runoff

PR A W S—
U —

Ground \

Impermeable Soil.

Sl

After and Before Rain. Rain
Farming Is My Hobby.

, Permeable Soil.
Erosion. Infiltration.
Soil particles are washed down. Protect from overheating.

Reduce evaporation .




(498) Levelling Cultivatded Beds(1)

( 498) levelling cultivated Beds( 1)

1,Levelling by
means of a level.

ﬁ String 1
A S5/ Stake

Cultivated Beds




(499) Levelling Cultivatded Beds(2)

( 499) levelling cultivated Beds( 2) ,
1,Levelling by

means of a triangle.

Triangle

Lead Weight
String

%

f—/\ﬁ ﬂ Stake
Oh ! What %
a horizontal bed.

Guide Mark

Cultivated Beds




(500) Vegetable Garden(1)

( 500) Vegetable Garden( 1)

Only Maize

Swamp( Dambo)

One Species Only.

Maize
Variety of vegetable.
Cabbage,Leek,Onion,
Okra,Eggplant Tomato,
Etc.




501 Cattle in the vegetable garden

( 501) Cattle In The Vegetable Garden

The soil is sandy and poor.
and needs fertilizing.

Cow dung is collected,then
brought to the garden and
spread on the beds.

[ am important
because I provide
dung for gardens
by the riverside
( Swamp)

~ Cow dung




502 Rice field

( 502) Rice Field

I
| -
Grow Rice
By The River,
Or Dambo. i I
E/j rDambo Irrigation

Rice Field Ty Cycles Per Year.




503 Dividing up the land.The occupation of surface space

( 503) Dividing up the land .The occupation of land surface space.

Sweet Potato Groundnut
Cucumbers Taro
Cassava Pineapple

FERAIN0L
eSS

Vegetables

Cabbage
FEREIY09
R

V4 V4 V4 V4
WA/ GV




504 An agricultural production system

( 504) An agricultural production system

FERBIN0L,
LA
% Vegetables

e

Cabbage
FTERLIHLH, '"
COTERE e Eggplant
FEEIRRP St %% it o PR
/= /= /= /= e ey Sl o VN b ~,“[" Al
| ﬁ.(:{\‘.{bi <A ! A AR R AV R P [ ['i“[?'i; !

1,Avoid wasting land resources.

2,Preserve and improve soil structure.

3,Preserve soil fertility.

4,Avoid erosion.

5,Use fertilizers efficiently.

6,Reduce problems caused by climate and pests.

7,Use of available labour for planting,maintenance and harvesting efficiently.
8,Reduce economic risks.( price,transportetc)

9,Divide the land.( staples,fruit vegetables)

My pleasure.




505 Baobab Tree

( 505)

Human being.
You can eat

my leaves <
’ o by shading th
q ) o o3 y shading the crop
' fl d fruit '
D) owers an rul > d i
/ and the soil.
1\ el
e i e IR, 5 BT s
e e s 5 e s
%% s 5508 %2 7 z o S
ity GRS % 2 L
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BaoBab

Baobab Tree
S

Reduces moisture loss

Tree

\ AN




506 Banana And Pawpaw(1)

( 506) Banana And Pawpaw

Avoid too
much shade.

Banana




507 Banana And Pawpaw(2)

( 507) Banana And Pawpaw( 2)
Banana and Pawpaw

1.Produce Organic Matter.

2.Rot.
@ 3.Gives shade.
4 Reduces heatand cold.
5.Gives ground cover during heavy rains.

6.Reduces evaporation.
7.Reduces the risk of drought

Banana Pawpaw




508 Banana And Pawpaw(3)

( 508) Banana And Pawpaw( 3)

Vegetable

Banana

Coffee

Coffee

Top Storey( Banana,Pawpaw)

Intermediate Storey( Coffee)

Understorey

( eggplanttaro,sweetpotato, lettuce,
cabbage,tomato,okra,bitter leaf,pigeon pea
cassava leaves,and yam.)




509 Yam And Groundnut

Yam

( 509) Yam And Groundnut

1.Yam needs plenty of light,

well drained soil and leaves prefer light
2.Yams should be planted on hill.
3.Yam needs loose,welldrained soil.

Groundnut
1.Groundnutrequires exposure to sun and
grows well on the sides of the yam hills.




510 Two Ways Of Deciding Plant Spacing(1)

( 510) Two Ways Of Deciding Plant Spacing( 1)

The roots meet




511 Two Ways Of Deciding Plant Spacing(2)

( 511) Two Ways Of Deciding Plant Spacing( 2)

The crowns touch one another.




512 Cocoyam

( 512) Cocoyam

Cocoyam likes moist ground.




513 Space Occupied By Cabbage Plants

( 513) Space Occupied By Cabbage Plants

Aerial Space

Roots Space




514 Benefit From A Crop

( 514) BenefitFrom A Crop

Q > >
( 4) Water
( 1) Moisture ( 2) Organic ( 3) Soil Cover infiltration

Fertilizer against erosion and soil
and runoff moisture

( 5) Seed,
Fruit,
And Nut

You are
an honest| \You look like
a sunflower.

W ater infiltration

Sun Flower




515 Bees

( 515) Bees

Bees produce honey.
Fruittrees are increased

30740% when bees
fertilize the flower.

Tomorrow.
Papa will

Mama!
[ like honey.

make
beehives.

Beehives

—h Beehives N




516 Poultry and rabbits

Hens Earthworms Rabbit

5

( 516) Poultry and rabbits

Poultry and rabbits are associated with gardens

Poultry and rabbits
provide a rich
organic fertilizer.

You can
eateggs

Mama!
I like eggs.

without limit

=71

[}
(¢
,v
|
i

Earthworms




517 The removal of nutrient mineral salts

( 517) The removal of nutrient mineral salts

o O Q
o O O O O O
5 o 0 o
O o0 00 0%p © O
O 0o o O o O OOOQ
o gQ 5 © 5 oo 8 o o,/( 3) The mineral salts stored in the
O ® o O@ o QQ OQ © fruits and seeds leave the garden
QO OQOQ OQOQ O at harvesttime.
( 2) The mineral salts are
stored in the | \Z ,
fruits and seeds. | 7 g— '
= «;7:\\ — @,
iz
< | ?1‘ S
.

7 (1) The mineral salts stored in the soil
are taken up by the roots.




518 The cycle of organic matter and mineral salts from the soil and from the farm

( 518) The cycle of organic matter and mineral salts
from the soil and from the farm

Production of fertility

on the farm
“ Removal of organic matter and

| mineral salts from the soil and
0 _ =~ from the farm.
<. Plant ( 2) Decomposition of

( 3) Breakdown of rock, waste excreta

gravel,sand and clay ( 1) Decomposition of

plant waste




519 The effects of mulch on soil moisture

( 519) The effects of mulch on soil moisture

@ Rain
Mulch
Erosion and runoff
“ -

( straw,leaves,

vegetable trash) on bare soil

Infiltration
under the mulch




520 The mulch

( 520 ) The mulch

Rain
Mulch
Erosion and

( straw,leaves,
vegetable trash) . on bare soll

Mound Infiltration
under the mulch

Mulching:covering the soil surface
by spreading straw,leaves,and
other vegetable trash.

1.Protects the soil from rain erosion.

2.Improves water infiltration.

3.Conserves soil moisture.

4 .Encourages organisms living

in the soil.
5.Improves soil structure.

runoff




521 The effect of plastic mulch

( 521) The effect of plastic mulch

Rain _
No weed The sheeting prevents

soil water evaporation
and the growth of weeds.

Agriculture
is our invention.

Plastic

sheeting |
-

No evaporation

No Infiltration
through the sheeting
Infiltration at the side
of the sheeting

Infiltration




522 Hotbed Composting

( 522) Hotbed Composting

Agriculture
is our invention.

1.Shady site,near water point

2.To turn the compostfrom time to time.
3.The pile is covered with soil or straw.
4.Stop the surface from drying out

Rainwater
infiltrate Shade Layer of animal and
plantwaste,10 cm to

20 cm deep.

Layer of solil,
2 or 3 cm deep.




523 Cold Composting

( 523) Cold Composting

1.Waste accumulates( kitchen garbage) .
Compost 2.Cold composting is improved by mixing
the waste and turning it over from time
to time.




524 Using chemical fertilizer to increase return from green manure

( 524) Using chemical fertilizer to increase
return from green manure

No waste
in the world.

Green manure

Green manure cutand
incorporated into the soil

Green manure

Chemical fertilizer Chemical fertilizer

Chemical fertilizers Plenty of manure plants. Green manure restores to the soil.

feed green manure plants. Improves soil structure.




525 Animal Manure

( 525) Animal Manure

Cowdung,Droppings
( horses,goats,sheep,rabbits,poultry)
Human excreta.

Cattle

After keeping animals,
Soil becomes rich.

Decomposition of Plants take up mineral salts
excreta from pasture soil.
These salts are concentrated
in cow dung.




526 Spreading organic manure

( 526) Spreading organic manure

Organic
Manure

Organic

Manure
The organic manure spread on the The organic manure is mixed
surface of the ridge. into the soil on the mound
Itis in danger of being carried during seedbed preparation.
away by runoff water. The minerals contained in the

organic manure are quickly
restored to the soil and can be
taken up by plantroots.

/
@g§@§@§§ 095" Organic

Manure

The effects of the organic manure
are slow and lasting.




527 Ashes

( 527) Ashes

Burning

Ashes

Ashes are obtained
from burning
organic matter.

The variety of materials burnt.
Good quality fertilizer.




528 Fertilizer

( 528) Fertilizer

Consider the
situation of
fertilizer.

o Fertilizer

( 1) Fertilizeris far. ( 3) Fertlizer is not needed. ( 5) Fertilizer is notproper.

( 2) Fertilizeris close. ( 4) Fertlizeris ( 6) Varied Fertilizer is good.
too much.




529 Rain And Fertilizer

( 529) Rain And Fertilizer

0.K

Next year.
Plant

Mama.

Nextyear.
Plant maize.

watermelon.

o Fertilizer

Fertilizer!

N
ol fff"e %ﬁ%{% ////
y

/—O“@—@—ﬁ

( 1) The water is removing fertilizer
( 2) Leaching of the soil




530 Soil Bacteria And Fertilizer

( 530) Soil Bacteria As Fertilizer

o Fertilizer

Soil bacteria
fix fertilizer.

O.K
Next year.
Plant

maize and

Mama.
Nextyear.
Plant

watermelon.

J Soil Bacteria
¢

watermelon.




531 Fertilizer Affect Fertility

Today.
Nshima.
Rice.

Tomorrow.

( 531) Fertlizers Affect Fertility

x 0O © Fertlizer

I'm not
healthy. %@}
/]

i

Same
Chemical
Fertlizers

I'm In good
health.

ﬁ%ﬁ

Y
A

W

Chemical
Fertilizers




532 The effects of the lack of space

( 532) The effects of the lack of space

Q O

Enough space

Close space

Proper space
is important

Healthy
plant Not healthy
plant

Same as
man and
woman.

O X




533 Staking

Plenty
Tomatoes

( 533) Staking

Tomato

X

Lightand
wind.

O




534 Adjusting Shade

( 534) Adjusting Shade

Before

My friends !
How about
barbering.

Shade

After

Wgw?iﬂ?@ N i e i g

Cutting Branch

Light




535 The role of leaves in plant life

( 535) The role of leaves in plant life

Plenty
Pumpkins

Leaf

W ater and /

mineral salts

go in herij

Other leaves.

R Flowers and fruits.

\ Roots and tubers.

Branch

Pumpkin




536 Two factors of plant development

( 536) Two factors of plantdevelopment

Leaf

W ater and /
mineral salts

go in hM

Plenty
Pumpkins

Other leaves.

( 1) Amount of water and mineral salts.
Pumpkin ( 2) Ability of the leaves.




537 Growth Competition between runners and fruits

( 537) Growth competition between runners and fruits

You are tall.

Longer and longer.

Branch and small

pumpkins are cut

| -
)
Q
S
=
3]
S
o

tomato

passion fruit

chillies

peppers and so on

Big pumpkin




538 The framework of fruit trees

( 538 ) The framework of fruit trees

ﬂ\
>

Shape of tree
is important




539 The framework of trees

( 539 ) The framework of trees

»

W hich one do
you prefer ?

fruit trees.

U-frame

Cyvlindrical
frame

Wide-branching

frame




540 Cutting points(1)

( 540 ) Cutting Points

Leave 3 main branches

IS |

\ \
Cutting Points

7 Z @

Spreading shape

Trees need
a barber.




541 Cutting Points(2)

( 541 ) Cutting Points( 2)

Before After

Mama !
Plant Fruit Trees
Around The House.

\ § The inside of
/ the tree is not

overcrowded.

Cylindrical frame




542 Cutting (1)

( 542 ) Cutting( 1)

Mama 'Why do
they cuttrees ?

First cut

Second cut




543 Cutting a large branch

( 543 ) Cutting a large branch




544 Do not wound trees when chopping and felling(1)

( 544 ) Do notwound trees when chopping and felling

Pests and
disease

Mama'!
Why does papa
planttrees ?
Serious wound

A clean cut
reduces risk
of infection.




545 Do not wound trees when chopping and felling(2)

( 545 ) Do notwound trees when chopping and felling( 2)
/7/3

Mama !
Why do we need
to planttrees ?

ﬁloped Countries
; forgetto planttrees.




546 Do not let fruits and leaves touch the ground

( 546) Do notletfruits and leaves touch the ground

( 2) Straw bedding
under fruits

( 1) Trailing plants

Soil is
our mother.

( 3) Staked plant

Straw - . — o
ic Insec =R
Slugs Plen
You are food. Ground

soil.

Light and
wind.

We can
noteat




547 Fencing(1)

( 547) Fencing( 1) §

Human being,
Sometimes, is wise.

Can notdamage
gardens.

Domestic animals.
Cattle,goats,sheep,

pigs and poultry




548 Fencing(2)

( 548 ) Fencing( 2)

Protect a
young tree.

Young Trees
need
Fencing.




549 Fencing(3)

Go away
insects
from

Banana.

( 549) Fencing( 3)

" W'(;‘/v!\

il

St

o
o

S

o
o

Banana

:“\\ ””t“"(\“\\-\‘

<
W/h i‘\ $§D Na]

‘\y‘{‘\\

W’(\»\

N\

g

We can not

eatbanana.

Plastic sheeting




550 Some traps(1)

( 550 ) Some traps( 1 )

Mice Trap.




551 Some traps(2)

( 551 ) Some traps( 2 )

Fly Trap.

~_ Branch

i

N 2P
RIS LXK KA

Go away
fly

from our
house.

Sugar Solution
Plastic water.

bottle.




552 One way of reproducing sugar cane

( 552 ) One way of reproducing sugar cane
for chewing without losing the best cane

Sugar cane

Sugar cane!

The stumps
are leftin the The canes The canes
are eaten. are transplanted.

ground.




553 How to store tublers and tubler tops for seed

( 553 ) How to store tubers and tuber tops for seed

We can plant
any type of
vegetables
and trees.

Stones
V /Plastic sheeting

Tubers




554 Various kinds of stem cutting(1)

( 554 ) Various kinds of stem cutting( 1)

A cassava cutting

I like
cassava.

Shoot

Stem

Soil




555 Various kinds of stem cutting(2)

( 555 ) Various kinds of stem cutting( 2 )

A sugar cane cutting

Shoot

Node
Internode

\

Soil




556 Various kinds of stem cutting(3)

Never tell a lie

[ will answer.
Justice,Peace,
Equality,and Love

Their God
like (

W hich one ?
1.Justice
2.Peace
3.Equality
4.Money
5.Love

Japanese.

Why do they

like working ?

( 556 ) Various kinds of stem cutting(

Japanese !
You can'tsay
such a thing.

A cutting splitin half

USA.
Why do they
like war ?

"~ Roots

Ripe
Wood

Working is
their hobby

3)

Zambians.
Why do you
like talking ?

We wish

peace
in the world.




557 Unusual cuttings

Cut with

(557 HUnusuo

S

cutting

/

a sharp blade.

cuttings

A mallet
cutting

Ci::::j




558 Placing a cutting in water

( 558 ) Placing a cutting in water

9

hatis
our dream ?

Cutting

[ wantto
make
the forest

W ater

Bucket




559 Stem cuttings are taken from ripe wood

( 559 ) Stem cuttings are taken from ripe wood

Stem cores are already woody.
Bark is still green.

Planttrees
around house.

Hard wood

Green wood




560 How to take cuttings

Plant sugar
cane

around
house.

( 560 ) How to take cuttings

Sugar cane




561 Cutting and trimming branches for propagation

( 561 ) Cutting and trimming branches for propagation

Ripe wood

ST
%

Plant trees
around
handpump.

Planta
mango




562 Ringingi and air layering

( 562 ) Ringing and air layering

Planttrees

Plant flowers around village, ( 2 )
around the Soil sleeve of earth
Jute sacking

Plastic sheet

W ater




563 layering on the ground

( 563 ) Layering on the ground

After Planting
trees
We are rich.

2. K %
O OB o
N
ROTRED
4”;"'&(%

No fight
No envy.

No jealousy.

SO Tt
(SRR
SRR

A low branch is bent

and covered with soil.

The end is staked
to keep itin place.

e

5%
G555

6086 4
R e s
685245445

"'Z‘}""" 9%
% ¢0!’%"$"”$
02955
'9%;{5%&0"3%&"}"'2@’«
S AR IASETSEIRK
OSSN
NI log N
A
“"0"
R I 2S

SR
%9:5%0:5%)
SEREERK
S

205
NSRS
s
SSRGS
S

Some weeks later,
roots appear.

Oh ,too

much clever.

Cutthen
Transplant
on permanent site.




564 Cutting sets in tubers

Sprout

Potato divided

/ Eves( Buds)

( 564 ) Cutting sets in tubers

Yam tuber cut off

People !
Eatpotato and yam.




565 Thinning

1) Carrots are
sown very
densely.

( 565 ) Thinning

( 2) Pulled up ( 3) After Picking out

Ja i i

( 4) After thinning

good tasty
carrots.




566 Three ways of planting cuttings

( 566 ) Three ways of planting cuttings

( 1) Erect cutting ( 2 ) Cutting buried ( 3) Cutting on the
slantwise flat

No need
for money.
Need
only
your love.

Only water
and soil,
we can live.

A

Ground Ground

Ground




567 Planting cutting in the field

Ground

( 567 ) Planting cuttings in the field

Ground

You plant

trees until
death.

People !
If you have a friend,
Plant 10 trees.

If you have wife,
Plant 100 trees.

If you have a baby,
Plant 1,000 trees.

[ have
many friends
and

ten children.




568 Soil bed

( 568 ) Soil bed

People !
Love soil.

Share your
love with
the soil.

Die.
$ M [ have
5 plenty love
to wife.
o Bg @ o Bg @
@ @ @ \Rock. @ @ @
Softand Hard and Hard and

rich soil. poor soil. poor soil.




569 A nursery in a trench

( 569 ) A nurseryin a trench

Straw roofing

——

e e ,
== —
' T D

/ Trench
Seeding

Dry soll w& bk
0SS OSSO
post g@% Maintain moisture

Moist solil




Roofing

[

[

Move around easily.

i

N

N[

sunshine

Stop

( 570 ) Roofing

570 Roofing

Plastic bags

i

S G )
7 Vg~
=B SR
T e «Wb}‘lo
S e o‘u\«“ﬂﬂ‘
e Sk o
ST SR
ST e oﬁ.«‘
o u“ wﬁwwflﬂ‘
Chaiesasay )

DRy,
«u\ﬂ“w‘ o
.'u.o‘_
SH
o

A & oﬂ«u Sl
. o

o =z ou\m»“‘m‘o‘
(=

N oilmg\«wv‘




571 How to uproot plants for transplanting

( 571 ) How to uprootplants for transplanting

X O

When you
pull up Tool
plants N

3\

roughly. 7/ ~_ A Yt
Roots are
% broken.
5 U
% i

|




572 How to transplant seedlings

( 572 ) How to transplant seedlings

Pl

5

)
)

f

A%\\ ’Fﬁ
Roots in the Roots are
right position. still high.

Roots are
low.

Roots are
twisted upwards.




573 Positioning a young tree in a planting hole

( 573 ) Positioning a young tree in a
planting hole

Take out

Nc bag.

Planting
hole

Plastic bag with Hole with \

a plantin the rootball Compost
enough

space.




574 Protect a young tree(1)

( 574 ) Protecta young tree

Young tree

Looks
appetizing.




575 Protect a young tree(2)

( 575) Protecta young tree( 2)
Young tree

N

Young tree

| You are
/ .
X) ___— Support Stick

N . Support Stick




576 lIriigated Gardens(1)

( 576) Irrigated Gardens( 1)

By using a
Hand Pump.




577 Iriigated Gardens(2)

( 577) Irrigated Gardens( 2)

happy.

Cabbage
E lan
T wepy  cedssseeeo

By using a
Shallow Pit




578 Iriigated Gardens(3)

( 578 ) Irrigated Gardens( 3)

By using of
Shallow Well.

Tomato




579 lriigated Gardens(4)

( 579 ) Irrigated Gardens( 4 )

By using a
small cemented
water tank.

You look
bright




580 Iriigated Gardens(5)

( 580) Irrigated Gardens( 5)

Powerful.
Cabbage

008888300

Channel

g—‘

Shallow Well.

You look




581 The method of watering

( 581 ) The method of watering

W hich do
you like

water or
Coca Cola

O

Cabbage

Stream,
Swamp
( Dambo ) .

Shallow Well




582 Irrigation by gravity

( 582 ) Irrigation by gravity
Bed Drain

P

Q@
(OR)

(ORE)
(SR

Reservoir or channel

situated on high
ground Water

T

Itis better
to irrigate

near a swamp
or a stream.

[am an
irrigation
engineer.

\

Evaporation
+transpiration

, — GCollecting drain
situated
on low ground




583 Sprinkler Irrigation

River,Channel

W ell,Borehole Pump

TR

( 583 ) SprinklerIrrigation

<~ Sprinkler
Stand—Pipe

S L b b by LY e Yy

Supply Pipe




584 Valley bottom cultivation and drainage

( 584 ) Valley bottom cultivation and drainage

Swamp
1,Digging channel. /
' 2,Raised beds. :
Good dralnage . 3 Goncrete or PVG 1,Crops may be atrisk
and.Good Irrigation o L from too much water.
are important drainage pipe in the

2,Roots need moisture.
3, Well aerated soil.

ground.




585 Methods of tapping groundwater

(589) Methods of tapping groundwater

Handpump

\

g

‘ h’

Spring Water
R A -
B T ‘ Q Fr V
Swamp
Dambo Tradional Shallow W ell
( Hand dug well)
v
. Deep W ater
S S RGO, ;
., Borehole bearing
0 G0 10 et S A I .

AT R I I o % vv‘v'v'v""
B st R R S 5585
o et o e e o o et e e e o B et o et ot s ey et e o ot e s By et o ot et sy o et e o A ety D N 0 5 B9
U G Gt G G G G s Gt o e s o o s s e e s e e e s s s U s e s Bty U UG Bl e 5%
s e s Bt et e g e A s et e S ot G e oy o g ety ey e e e B e ey e s Bty e 5 9!
e e o o s et et e o g s e et o e g s e e s g s o et o g s s et s Oy U N o
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S S S
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g S o e e et Bt 0 et g 0 s e ot 0 e e e 0 0 0 5 5 0 59529558
LXK X 7 %o
XRLLHNRELTK 9% 9505200959 LIPS,




586 Well exacavation

(586) Well excavation

/7;\ 1,Mark a 1.5m diameter ring

on the ground.

2, The well is dug straight
Continue to dig,even when water
is first struck.




587 Well Lining

( 587 ) Well Lining

S

1,Mark a 1.5m diameter ring
on the ground.

2,The well is dug straight down.
Continue to dig,even when water
is first reached.

Mortared
% /~ brickwork
/ W ater level

— Unmortared rock

3,Well Lining

Many types of well lining are possible
1,Stones or rocks

2,Burnt bricks

3,Concrete rings( Prefabricated )

4, Concrete rings( Cast'in situ’)

k
l
l
\
/

A
al
Hl
]
\/|

\

v=w| ‘
]
Y

i
l
|
/

Vi
1

<

/ W ater level

~— Unmortared rock




588 Well lined with precast concrete rings

( 588 ) Well Lined with precast concrete rings

o -
L ]
. . Concrete backfill
Rings jointed
with mortar V i
above water ——— Concrete ring
level - -
W ater level
Step jointed
. I
rings below
water level -
Backfill with well-washed sand
L] //
|\
Wall of well
g
///Concrete ring
\/\‘ J




589 Lining the well with concrete rings cast 'in situ’

( 589 ) Lining the well with concrete rings cast'in situ’

'In situ’ well liner mould

AR

;’ VConcrete

Diameter 1.5m or 1.2m




590 Well Cover

( 590) Well Cover

§;

TN _fF

__Backfill Concrete Cover

Mortared

: 5/ brickwork

g W ater level
T

i

o O

Zogoroofl- Unmortared rock




591 Windlass

( 591 ) Windlass

s

j 71 1
—Windlass
Concrete
Cover /Backﬁll
Mortared
/" brickwork
e —— / W ater level
[TIIIILY
[T FFFr1]
059525959 ~— Unmortared rock




592 Apron and water run-off channel

( 592 ) Apron and water run—off channel

Windlass

Cover




593 Bucket and chain

( 593 ) Bucketand chain

Chain

Windlass /
N ot




594 Correct use of the well

( 594 ) Correctuse of the well

Chain

Windlass /
NS

1.Keep the bucketclean.

2.Hang the bucket on the windlass when notin use.
3.Keep the well cover in place.

4.Keep the apron,run-off clean.

5.Always use the same bucketin the well.

6.Keep the chain wrapped around the windlass.
7.Store the water in clean covered containers.




595 How to look after your well

( 595) How to look after your well

You can drink clean water from your well
by keeping the well and bucket clean.

6.Chain 1.Keep the bucket clean.
2.Hang the bucket on the windlass when notin use.
/ 3.Keep the well coverin place.
Windlass 4. Keep the apron,run-off clean.
7.Container

5.Always use the same bucketin the well.
'@ 6.Keep the chain wrapped around the windlass.
7.Store the water in clean covered containers.

I

4.W ater run—off channel

RYa
A
> AT
jOS0g82 908
DRSOz 23038
PIRETL
AT A
A
SQeg0e e
Q!!”

, - Soak pit




596 Cross-section of concrete lined well

( 596 ) Cross-section of concrete Lined W ell

Windlass

Handle
Wood pole

Collar

Slab

Rings jointed
with mortar
above water
level

Well liner
Concrete

L] Bucket
Earth backfill
™M Concrete

W ater level
- Sand pack
" W all of well
Well liner

Step jointed
rings below
water level




597 Cross-section of brick lined well

( 597 ) Cross-section of brick lined well

Bucket hung on
windlass handle

Well slab

Mortared

brickwork \r‘

Chain

Windlass / Cover
N\

Backfill
/

W ater run-off channel
v




598 Method of lifting water from shallow well

( 598 ) Method of lifting water from shallow well

Bamboo
/ -
:% —— Stone or
concrete
weight

Concrete Apron

I

%]

- Stand pole
ROREPRETRK] 123

NGESGEIREA

W ater




599 Bush pump fitted on well

( 599 ) Bush pump fitted on well

Concrete Apron

R
\50i8%45%95%|




600 Outlet of water run-off channel (1)

( 600) Outlet of water run—off channel

Chain
Plant Trees,
Windlass / Banana, And
\ . F Cultivated Crops.

= |
,,,,,,
>

W ater run-off channe




601 Outlet of water run-off channel (2)

601 ) Outletof water run—off channel( 2 )

Chain

Windlass / Simple soak pitfilled with stones




602 Outlet of water run-off channel (3)

( 602 ) Outletof water run—off channel(

Open jointed brick tube

Chain and gravel pack type

Windlass /
N

Bucket— ] _IL/ ; g W aste water tank

Concrete or Bricks




603 Outlet of water run-off channel (4)

( 603 ) Outlet of water run—off channel( 4 )

Chain

/ Banana
Windlass
N

W ater run-off channel

W aste water




604 Outlet of water run-off channel (5)

( 604 ) Outlet of water run—off channel( 5)

Chain

Windlass /

W ater run-off channel

Drainage trenches
Waste water




605 Rainwater harvesting

( 605) Rainwater harvesting

W ater harvesters

Roof collector Ground collector

W ater storage




606 Ground collector and water storage

( 606 ) Ground collector and W ater storage

W ater harvester

Ground collector

Slotted pipe

Sand bed

. Reservoir
River sand ~
or gravel Gravel ! \

Concrete
base

W ater storage

Fence Slotted pipe

o Sand bed




607 Brick tanks

( 607 ) Brick tanks

W ater harvesters

SLRoofcatchmentarea
2.Roof collector
3.Brick tank
4. Tap
i 5.Gutter |
[T ] 6.Down pipe
S




608 Siphon well

( 608 ) Siphon well

\??CP Well Cover

Siphon well

.

Suction pipe

Siphon pipe

Apron




609 Gravity well

( 609 ) Gravity well

\C—P?CP W\ell Cover

Earth backfil — . q

Plastic sheet

W ater level
Gravel pack

W ater level in well

R |
e

Delivery pipe 7

Brick lining

N

Reservoir




610 Spring

( 610) Spring
S

// Rain
Recharged area

N
N
N ' ' Spring

“lllkll% ‘ Spring

. Nk,
mpervious ro

v (
RuTinS, e
‘..Illllllllllmhk ‘\%}— Aquifer v .
RN R —— =
NN —— Aquifer

y

Bt

Impervious rock

/4

D




611 Tank or collection point(1)

( 611 ) Tank or collection point( 1)

Concrete cover
Overflow

~—

//// Rain
, Recharged area

To tank or to
collection point

W ater tank

Spring
UL T, R erVious rovk- \
U T Rar o /\
S U e
‘...I.IIIIIlIIIIIlIIlII.I...I-I---._, Aquifer

4l

""lIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIlIlIIIl|lIlll|I|||l|-m-|-----|--.--|-n N

Impervious rock

S T I T ] =




612 Tank or collection point(2)

( 612 ) Tank or collection point( 2 )

Concrete cover

Backfill
Concrete cover Ground level
Overflow /
Clay backfill
To tank or to /Overﬂow pipe

collection poin

W ater tank Impervious layer

__— Discharge pipe to tap

W ater bearing strata

Q ( Aquifer) — — \
' ///// Spring box
G Il
Recharged area U;ivV:rdaﬂ);?/\:
“I‘.'.I‘i‘ ‘ into spring
"l... . ‘ ‘ Spring
!
Tl S~ ( .
“IIIII.I-.‘ A v ‘ Spring
".lllllll.lh.‘ mpervious rock- NV
ST e H Aquifer ¥
S e
""lllllllllllllllllllllllm-...-.-,, Aquifer

Wmmmm.“l.l.l.l.lll.l.lll.|.IIIII-IIIII-IIIII-I$|--->

Impervious rock

[ I T I I N B B ey




613 Tank or collection point(3)

( 613 ) Tank or collection point( 3) Concrets cover

Ground level
Stone concrete

or brick wall
Clay backfill
\ 3 o Overflow pipe
Impervious layer 8 B
% iﬁ 22\3 __—— Discharge pipe to tap

W ater bearing strata
(' Aquifer) E— — \
Spring box

Gravel layer

Upward flow
into spring
' Spring
WI.I. mpervious ro
e
"lllllllll T H Aquifer Y
S Ty

""lllllllllllllﬂllllllllm---.-._» Aquifer
| —
WMMM“MIHIIIIIIIIIIIIIIIIIl|I|lll|-----.-----.-lalm-.»,

Impervious rock

UL O GO D e

D




614 Site of spring

( 614 ) Site of spring

Site of spring

C >
| ////// Recharged area




615 Water tank at spring

( 615 ) Water tank at spring

W ater tank atspring
. |
Apron —_ ‘ -

> ‘
Cover slab ==
covr | Ms“ﬁwﬁﬁﬁw
'Eyes’ of 3~ 4
Spring dee \ Siphon
p .
Overflow channel Drainage
Gravel Clay Drainage garden

Overflow pipe

I




616 Overflow channel

( 616 ) Overflow channel

W ater tank atspring
U
Apron — i =

Cover slab
Gravel
'Eyes’ of

Spring
R Overflow channel Drainage
Gravel Clay Drainage garden
Overflow pipe
%@ﬁ“ T
thhRE}




617 Siphon pipe

( 617 ) Siphon pipe

Siphon well
Overflow pipe
O | / Siphon
Apron — ‘ ‘ ‘
Cover slab
et ER USSR e Yy
’Eygs’ of 3~ 4m
Spring deep .
Overflow channel Drainage

Drainage garden

Gravel

Apron




618 Siphon well (1)

( 618 ) Siphon well

Siphon well
Overflow pipe .
i Drainage

Apron — ‘ = | : garden
Cover slab LR M&
Gravel ‘ | {A\fﬁf{ﬁp‘f ﬁf“ﬁ&f"‘g& ‘\(ﬁ
'Eygs’ of S’% 3~ 4m
Spring deep

Overflow channel .

. /__ Drain waste water
Gravel Clay / Drainage away from water

N

pointto garden below

W ater point
Tap
Apron




619 Siphon well (2)

( 619 ) Siphon well( 2)

Overflow channel

Drain waste water
away from water
Drainage pointto garden below

Siphon well

garden

Siphon

W ater point
Tap
Apron




620 Hand washing (1)

( 620 ) Hand washing( 1)

SRS
SRS S
k¢ 5555 5955055
REGS B05%
ESEETESS
R 0950054052
GRS

\/
b o rex erxszE )
S A AT R
RS SE
SRR SSST
RS
S SSSK
AR
SRR

%X

S

% 05%05%95%%
ST 55%
SIS
R 59554559557,
GRS
Nersh b




621 Hand washing (2)

( 621 ) Hand washing( 2 ) @

Mukombe W ash your hands

gy Fill here Hand washing is an

' f t
Pug — -8B L1 | Important way ot preventing
NSl ds :
disease.

Wash your hands:

g % W henever they are dirty.
Before preparing food.
After using the toilet
Before bathing children.
Try to use soap.




622 Sand filtration of water(1)

( 622 ) Sand filtration of water

A BRSS
SO

%
s
5
i
%

o
5
B
25

et
T 55
SRS
VB SEES
BRI
Posss”

Concrete cover /
g /
Flat stone /

Drum

Polyethylene pipe




623 Sand filtration of water(2)

( 623 ) Sand filtration of water( 2 )

§ Splendid!
)

Cover

/Tap
Flat stone

———— Sand
Cementjars

Polyethylene pipe




624 Sand filtration of water(3)

( 624 ) Sand filtration of water( 3 )

Cover
Tap
Flat stone
| Sand
Traditional pots
| Gravel

For your child !




625 Rural Sanitation(1)

( 625) Rural Sanitation ( 1 ) @
. Clean
Wind Toilet Toilet
( AirOut)
-
| . ] ]
/
O O
4 A N
Wind S o8] &
[ (Airin) N
U Male Female




626 Rural Sanitation(2)

( 626 ) Rural Sanitation ( 2 )

. Toilet
‘ Air Out Hot air rises
“ up the pipe
N~ ] / . — —
- . /’
e
| 0 .
Solar | [ AR
radiation @ Q
Air In ‘
4 N
= ]
U Balombwana Bakaintu




627 Rural Sanitation(3)

( 627 ) Rural Sanitation( 3 ) @

Oh!Whata

Toilet .
| | clean village.
direction %%
Trees
@ Q Living area




628 Rural Sanitation(4)

( 628 ) Rural Sanitation ( 4 ) @

Toilet
Air Out
Screen
@/Roof
H Vo - ]
/
O O
| (AR [RER
n a
Air In liwast
| _r
[ = — -

U Balombwana Bakaintu




629 Rainwater runs off

( 629 ) Rainwater runs off

When itrains.
1.Flood water transports
sand and clay.
2.W ater table down.
3.Soil is not moist.
4 Wells and boreholes
Bare soil are dried up.

Flooding




630 Rainwater infiltrates

( 630) Rainwater infiltrates

Rain
///bundantmﬂtratlon
Covered soil
U

Water table "

Wells and Bores
are well supplied.

After heavy rain.

1.W ater level does notrise.

2.No Flooding.

3.W ater flows slowly.

4.W ater in streams contains
litle sand and clay.

9.The soil is moistened.

Plenty Trees

No runoff




631 Wind erosion

( 631 ) Wind erosion

Wind Top soil( Rich soil )

Bare soll

W ater table




632 Water erosion

( 632 ) Water erosion

Ladies and gentlemen !

Plant Trees for your children.
/// The water runoff removes
the top soil( fine soil particles )
. T

Bare soil are deposited
in valley bottoms.

0%6%0 . V
A or\oogoggoau ‘ %emsi Valley bottom
cks a,; RIS Ve runofr
(w3
d stones n“00830 o T Deposits




633 Lost soil by erosion

( 633 ) Lostsoil by erosion

W ater comes back with rains,

but soil once lost
never comes back.

Plant Trees

T

Soil
Particles

ater table S 050

Valley bottom

Deposits




634 Erosion

(634 )Erosion

I work
for Mothe
Soil leaves the fields \
and farmer gets poor. N

£S Erosion destroys agriculture. [/
//////// Farmers fight to preserve land.”

Soll
Wind Particles

Sozug-., Clant Valley bottom
R ERCECPRUR Trees
OCkS an Cnveo v

Deposits




635 Soil erosion by rainwater

( 635 ) Soil erosion by rainwater

——
() 00 %, Bye Bye.

Raindrip: O O O 0 @g
O O O 0 QFarmer 3 soil brothers

OC

©+ Top soll
OC

O

The fine soil particles were carried away
The stones and gravel were leftbehind.




636 Soil covered by plants and trees

( 636 ) Soil covered by plants and trees
We are
family.

Farmer T
— 000 o
000 o e 0000
sy 000
000 o 000

Impact
( Runoff) O O 0 T
rees
Sand and clay flow O
5 / Leaves
o
- QW_@ @@ R @@Q

259598959595955526959595955504750000£ 5385 :

o“ofofororoto-ofofo o0 0 0 0 050 0 0olo ¢ Top soil
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) O o (e} o o o o o o (e} O O O O o o o o o

No erosion

The fine soil particles were carried away by the water.
The stones and gravel were leftbehind.




637 Formation of gullies :the role of watersheds and catchment basins

( 637 ) Formation of gullies:the role of watersheds

d catch tbasi
and catchmentbasins Head of stream

W atershed
Catchmentbasin

L s
70077 ///////// o
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639 Erosion is caused by bush fires and deforestation(2)

( 639 ) Erosion is caused by bush fires and deforestation( 2 )

People destroy
forests.

Do not
cuttrees.

1.Bush burning

5
F ts destr d Vi 5
4 Forests are destroye BB FR55 65
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. i 5.Firewood for sale
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640 Before(Burning Trees And Cutting Trees)

( 640 ) Before ( Burning Trees And Cutting Trees )
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641 After(Burning Trees And Cutting Trees)(1)

( 641 ) After( Burning Trees And Cutting Trees)

1.Bush burning
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e
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ST
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Gully \

2.Clearings in order to plant
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3.0vergrazing

1.Top soil is removed.
2.Soil moisture is removed.
3.Low water table.
4.Spring and well are

no longer filled with water.
5.After Heavy Rain.Flood.
6.No farming land.




642 After(Burning Trees And Cutting Trees)(2)

( 642 ) After( Burning Trees And Cutting Trees) ( 2)
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643 The need for fire wardens

fire wardens

The need for

( 643)

Clear—cutregulations
enforced by fire wardens.
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1.How to avoid burning.

How to check.

How to punish.
2.W hat useful fires.

When and how.
3.Who gives permission for fires.

4.Protected sites.
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644 Water runoff prevents the recharge of water tables

( 644 ) Water runoff prevents the recharge of water tables

Level of the
Water Table

plenty VAN
4

plenty
plenty AN

Rainfall
Runoff
Infiltrating
amount of water lifted
by plants and people plenty \V4
amount of water lost
through evaporation

on the soil surface plenty
plenty JAN

Rain Trees on the ground
Bare Ground plenty V4 7/3@
Runoff

WL

Infiltrating water

W ater table

Permeable layer
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645 water movements in water tables

( 645 ) Water movements in water tables

W ater table

Rainy season A

Dry season

Stored rain water

Plenty trees

- ) W ater flow into Cut trees
\ || wells and boreholes.

V
JAN
VAN
Vv

W ater table

\/ W ater from the water table
Permeable layer TR flows into springs.
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646 Water tables and plant life(1)

( 646 ) Watertables and plantlife( 1)

Roots extend to
the capillary fringe.

e ]

\

Well

o

Infiltrating water

N ]

/ Capillary
fringe

v W ater table
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647 Water tables and plant life(2)

( 647 ) Watertables and plantlife( 2)

Roots extend to

Rain the capillary fringe.

Q&

Infiltrating water

W ater table
VA

Lump of dry earth

Bowl W ater
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648 Water tables and plant life(3)

( 648 ) Watertables and plantlife( 3)

Before cutting trees
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649 Benefits of vegetation(1)

( 649 ) Benefits of vegetation( 1)

Erosion
Top soll
Runoff

W ater table

Rain

/i

Trees protect the soil
and promote infiltration.
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650 Benefits of vegetation(2)

( 650 ) Benefits of vegetation( 2) @

Rain

>

VA /// “““”?%%% %g/%@%

Vegetables

osion

Top soil
Runoff Infiltrating water

Trees protect the soil
and promote infiltration.

1.Vegetable cover increases soil moisture
2.Roots and vegetable facilitate rainwater infiltration.
3.Under the trees and vegetables,the soil is protected

Soil subjected
to rain splash.

Infiltrating wa
from rain splash.
4 QOutside the protected area,rain splash increased,

and infiltration decreased.

Permeable layer
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651 Covered soil is not subjected to erosion runoff(1)

( 651 ) Covered soil is not subjected to erosion and runoff( 1)

Rain

17 ampeiiand
L, sallbr

Soil subjected

to rain splash. \

Erosion
Top soil
Runoff

Trees protect the soil Vegetables
and promote infiltration.

— .
Infiltrating water

After heavy rain,

River is filled with After the same rainfall,
water carrying No carrying soil particles.
soil particles.

1.Vegetable cover increases soil moisture

2.Roots and vegetable facilitate rainwater infiltration.

3.Under the trees and vegetables,the soil is protected
from rain splash.

4.0utside the protected area,rain splash increased,
and infiltration decreased.




652 Covered soil is not subjected to erosion runoff(2)

( 652 ) GCovered soil is not subjected to erosion and runoff( 2 )

Rain

Rain

Soil subjected
to rain splash.

Trees protect the soil Vegetables

Erosion and promote infiltration.

Top soil
Runoff

— .
Infiltrating water

After heavy rain, v bl |
; ; : . .Vegetable cover increases soil moisture

River is filled with After the same rainfall, & o . . .

water carrying ) . X 2.Roots and vegetable facilitate rainwater infiltration.
No carrying soil particles. 3.Under the tr d tables th i tected

soil particles. -Under the trees and vegetables,the soil is protecte

from rain splash.
4.Outside the protected area,rain splash increased,

Soil removed by erosion in one year ; g
and infiltration decreased.

on sloping ground.

Bare soil Soil full of trees or plants

1200 1




653 The level of water table during the dry and rainy seasons(1)

( 653 ) The level of water table during
the dry and rainy seasons( 1)

¥ v . A ; L =

Desiccated soil

W ater table
Moisture in the capillary fringe.

W ater table

A few trees Many trees




654 The level of water table during the dry and rainy seasons(2)

( 654 ) The level of water table during
the dry and rainy seasons( 2)

Dry season

oistured by

ating water.
Desiccated soil

Moisture in the capillary fringe.

Moisture in the capillary fringe.

W ater table

W ater table

Many trees
A few trees




655 The level of water table during the dry and rainy seasons(3)

( 655) The level of water table during
the dry and rainy seasons( 3)

Rainy season > o> T >

|

infifrating-water

Desiccated soil

Moisture in the capillary fringe.

| 27 f: "' ,ﬂm{l ‘”ﬂ

(
Moisture in the capillary fringe.
Water table
Water table

Desiccated soil

Moisture in the capillary fringe.




656 The need for tree conservation regulations

( 656 ) The need for tree conservation regulations

Tree conservation regulations
1) Preventclearing and felling.

2 ) All farmers plantand maintain trees.

3 ) Protectspecies.

4 ) Teach children the function of trees .

5) Teach children the essential role in
safeguarding rural life.

Reserve land for afforestation.

Make peole planta hedge.

N AN AN /AN
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657 Prevent clearing and felling

( 657 ) Preventclearing and felling




658 All farmers plant and maintain trees

( 658 ) Allfarmers plantand maintain trees.

&

My hobby is
to planttrees.
%
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659 Protect species

( 659 ) Protectspecies

~__ =
O Q Banana
y A, A
25
iy
All of us A%{:”'T:WW'A

are one family.

God presentyou
many types of
seed.




660 The difference between a well and a borehole(1)

(660)The difference between a well and a borehole(1 )

Well Borehole




661 The difference between a well and a borehole(2)

(661)The difference between a well and a borehole(2 )

An old chinese proverb
{ Don't forgetthe friend who helped
when digging your well. }

W\n ]
St 8
) S el Well Bore
Well slab ¢ M Waterrun-offchannel
LT W ater Table Within 25m Over 25m
Mortared [ Maximum depth 60 100m( Man Machine)
Tm Backfill ~ ~
iw/ Discharge 500" 5000L A 600" 2000LA
W ater quality A bitclean Clean
Easily polluted
Excavation By well sinker By using drills
Well
Borehole




662 The quality of the water (Well)(1)

(662)The quality of the water (Well)
X X

Toilet No
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663 The quality of the water (Well)(2)

(663)The quality of the water (Well )(2 )

Well cover

Hang a bucket

A toiletis separated /
from a well .

Fence
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Drinking fountain for
livestock is prepared.
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664 The quality of the water (Well)(3)

(664)The quality of the water (Well )( 3 )

X ne X

I will drink
clean water
and I will bring up
a strong child.

My mother is the
mostkind lady
in the world.

Hang a bucket

Well cover

A toilet is separated / Fence
1;rom a well . A i

Drinking fountain for
livestock is prepared.

My child is
honest.

My mother is the
most beautiful lady
in the world.




665 Differences in the quality of water (1)

(665)Differences in the quality of water( 1 )

Pools Catchpits

W atering Wind
Shallow hole
Soil
Runoff water o ﬁﬂ F /\ t</
N i -

\
w5 L/W ater is badly filtered.

W ater from pools and catch pits is not fit for drinking
butitcan be used for watering crops.




666 Differences in the quality of water (2)

(666)Differences in the quality of water(2 )

Chain

i Cover
Wlnd\aﬁ

Bucket hung on
windlass handle —
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Well slab % -
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V Water run-off channel
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667 Where is water located ?(1)

(667)Where is water located ?(1 )

Acacia ,Baobab and Fig tree. @

Supposing you want water,
ask the old man of a village.

W ater is under these
trees Acacia,Baobab
and Fig .




668 Where is water located ?(2)

(668)Where is water located ?(2 )

The presence of tiny pieces of quartz and
sand stone is also a sign of water.

a

a

a

D

i Sedimentary Rock

— o e

‘Sand Stohe

Y. (Sand Stone ) . %,
el

,‘—’ < ST~ 4 e .
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Heat
Igneous Rocks Metamorphic Rocks Pressure Pressure

Metamorphic Rocks Metamorphic Rocks




669 Where is water located ?(3)

(669)Where is water located 2(3 ) )

The colour of the earth
1.A strip of lighter—coloured soil may indicate
an old water course underground.

The valley was here a long time ago,
and there was a stream.
Are you God ?

No,my wife is my God.
Why ?

Requiring special attention
in the place which change
the colour of the ground .

) 4
OO0

. (Sand Stone ) . **, =

7Schist =

Heat
Igneous Rocks Metamorphic Rocks Pressur _ Pressure
Metamorphic Rocks Metamorphic Rocks




670 Teach children the function of trees

(670 )Teach children the function of trees

Education @
©
Nz @ /\<6®

\0&
PN Plant trees that
g}%o SmaliDom make money.Then
House G You can spend money
f W _ 48 on your children.
School OOV*@ S @ 4S8 @
f @ Q)& Ll
Hospila pherstty What type of tree
& o S f @ -
GaRC =S shall we plant %
\*'& (S Cultivation
Children | 5!% X G
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You are Bank. A School
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671 Teach children the essential role in safeguarding rural life

( 671) Teach children the essential role of safeguarding rural life.

Plenty trees

No trees )
Rain

> o T

>
/// W W
=7 ¥ Tl Es

No Trees Plenty Trees
Rain Less Plenty
Erosion Plenty Less
Soll Poor Rich
Underground Less Plenty
water
Drought Much Nothing
Crop Less Plenty
Jealousy Plenty None
Disaster Many None
Economy Poor Rich




672 Reserve land for afforestation

(672)Reserve land for afforestation

Tree God ' Tree Goddess
o -

0 o /6\ /0\




673 Make people plant hedge

( 673) Make people planthedge

Cow!
Can noteat
our vegetables.

<%@@ / Planthedge

But,
You eatour meat




674 Eliminating erosion to save villages(1)

( 674 ) Eliminating erosion to save villages( 1)

Small wall protection
1.No protection

Slope
Ground

Village

‘ 2.Small wall protection

Rock wall( small)

-

Ground Runoff
N\

Earth wall( small)
—n

Village

Stream




675 Eliminating erosion to save villages(2)

( 675) Eliminating erosion to save villages( 2 )

2.Small wall protection

Runoffis controlled,and

infiltration increased.

Slope
Ground Rock wall( small)
Top soil Rock wall( Large )

Large Stone spillway




676 Eliminating erosion to save villages(3)

( 676 ) Eliminating erosion to save villages( 3)

2.Small wall protection Earth wall( small)

Slope
Ground

Slope
Ground Rock wall( small)
Top soil Rgck wall( Large )

Large Stone spillway




677 Eliminating erosion to save villages(4)

( 677 ) Eliminating erosion to save villages( 4)

1.No protection

Slope

Ground Village
2.Planting trees

Slope Runoff

Ground

Village

Stream




678 Eliminating erosion to save villages(5)

( 678 ) Eliminating erosion to save villages( 5)

Planting trees

Slope
Ground

Village  Stream




679 Small earth bank(1)

( 679 ) Small earth bank( 1)
1.No protection @

Village

2 Eartwall smal)
o B

Runoff
Slope \\>

Ground

Build small
fill dam

Village
Moisture
Stream

W ater infiltration




680 Small earth bank(2)

( 680) Small earth bank( 2 )

2 Ev
=

W e can cultivate
the land
all seasons.

Slope
Ground
/

Build small
fill dam

Moisture

Village

Stream
W ater infiltration




681 Long earth dam(1)

( 681) Long earth dam( 1)

Small long wall protection
1.No erosion.
2.Less runoff.
3.Infiltration increased.

Rock wall( small)

Village




682 Eliminating gullies and small streams(1)

( 682 ) Eliminating gullies and small streams( 1)

No small dam( Fill dam ,Earth dam )
1.Severe erosion

2.Move gullies

3.Dry season,No water

4 Less infiltration

5.Plenty Flood

6.Dry land

1.Less farm land

wwwwwwwwwwwwwwwwwww Stream
Possible farming land

S D T / ( Notmuch)




683 Eliminating gullies and small streams(2)

( 683 ) Eliminating gullies and small streams( 2 )  Small dam( Fill dam ,Earth dam )
1.Less erosion

2.Small gullies

3.Dry season,Plenty water
4.Plenty infiltration

5.No Flood

6.Moistened land

7.Plenty farming land

8.To hold back water and soil
9.W ater flowing more slowly

...",,,,,,mmx 10.To infiltrate the water tables

. s
Small dam( Fill dam ,Earth dam e

/Q; OOOOOOO

Small dam( Fill dam ,Earth dam )

e i 07 i e

—

Possible farming land

////l///'/'///m,,h_

Small dam( Fill dam ,Earth dam )




684 Small dam (Fill Dam) On Swamp(Dambo)(1)

( 684) Smalldam ( FillDam ) On Swamp( Dambo) ( 1)

Rainy season




685 Small dam (Fill Dam) On Swamp(Dambo)(2)

( 685) Smalldam ( FillDam ) On Swamp( Dambo) ( 2 )

Dry and Rainy season

No jealousy

R R R R R R R SR B
B e ot st

Small dam ( FillDam )
On Swamp( Dambo )

Plenty water
Plenty food
Many Children
Plenty trees
Plenty fish
Many dreams




686 Small dam (Fill Dam) On Swamp(Dambo)(3)

( 686 ) Smalldam ( FillDam ) On Swamp( Dambo) ( 3 )
Dry season

Dry season
( No small dam ) ( Smalldam )

Plenty grass
Plenty water

xX 5K oS!
g -

:
R s R

RORIAIIR6KS

w_— W

Swamp( Dambo)

Small dam ( Fill Dam )
On Swamp( Dambo )




687 Small dam (Fill Dam) On Swamp(Dambo)(4)

( 687 ) Smalldam ( FillDam ) On Swamp( Dambo) ( 4 )

Dry season
( Small dam )
A Plenty grass A-A Section
Plenty water Dry season
( Small dam )

Plenty grass
Plenty water

Small dam ( Fill Dam )

W ater

o [ /
‘ V
- m
i W @ﬁ T Moisture @
N m
A-A Section
Dry season

( No Small dam )

Why isn't there
grass and water ?

Since man cuts trees
too much and
does notplantany.

Small dam ( Fill Dam)
On Swamp( Dambo)

g

Dry




688 Small dam (Fill Dam) On Swamp(Dambo)(5)

( 688) Smalldam ( FillDam ) On Swamp( Dambo) ( 5 )

Dry season A-A Section

( Small dam )
Plenty grass
Plenty water

Dry season
( Small dam )

1.The amount of water the dam would have to hold back.
2.W ater flowing much more slowly.

3.Plenty infiltration.

4.Moistland.

5.A little of runoff.

A-A Section

Small dam ( FillDam )

Water

-

Small dam ( Fill Dam )
On Swamp( Dambo )




689 The construction and use of gabions

( 689 ) The construction and use of gabions

Gabions Gabions
) 1.Not easily shifted by water.
D A Section 2.Gabions are wire mesh filled with stones.
ry season Dry season

3.The use of gabions is small-scale dams.
4.Making gabions is much cheaper
than cementworks.

- / <1+m>

( Gabions)

( Gabions)

& A-A Section

_— Steel wire mesh
Stones

Wire Tie
———Wooden pile

R R R R R R R R R L I 7w=

Small dam ( Gabions )

On Swamp( Dambo ) Qﬁf ) @ﬁ @




690 The effects of small dams(1)

( 690 ) The effects of small dams

Dry season 1.The layer of soil moistened by infiltrating water.
( Fill dam or Gabions ) 2.1tis easy for trees to dig holes .

3.Soil is enriched.

4.The water table is high during the dry season.
5.Cattle manure will fertilize the soil.

6.Plenty vegetable gardens.

7.The village becomes rich.

8.There is much food for animals.

A-A Section
Plenty food.
We are happy.

& 2n Moisture @){E) Gﬁ@ﬁ @ﬁm
S ® w

o ) ® % m m
W ¢ 9

Small dam ( Fill Dam Or Gabions )
On Swamp( Dambo ) o m

RN W
mymﬁ@@ﬁmm




691 The effects of small dams(2)

( 691 ) The effects of small dams( 2)

Dry season
( Fill dam or Gabions )

The economy of village

1.Millet yields increase.

2.Men and women have more work.
3.Villagers earn more money.

4 Raising livestock.

5.Trees yielding fruit or wood can be planted.

300 cows are
in this village.

A-A Section

Many rich men are

R ——

@, @, \f
Q?? w @ @ gy @@

Small dam ( Fill Dam Or Gabions )
On Swamp( Dambo )

0 A
-
like working.
o ‘m m m‘m wm “ Ry
® 9N W @ﬁm w® @ Ry w Wm

DI w.e @ ®




692 How important it is to plant a variety of trees

(692)How important it is to plant a variety of trees

My wish
is to become rich.

%g

Z g \ S\
Our wish \ ~_
is human-beings / ‘ ‘

peace. |
/ \ 1.Wood for fuel and building.
‘ ‘ 2.Food( Fresh fruitseeds,oil seeds,etc )
3.Animal feed especially during the dry season.
4 Remedies.
d.Fibres.
6.Environmental improvements.
Shade,wind interception to protect water
sources and villages.




693 The small dams

Section A-A

Small dam ( Fill Dam Or Gabions )

On Swamp( Dambo )

( 693 ) The small dams

Small dam

Filll Earth dam )

Gabion dam

Compound dam

Material Soil +Rock Rock+Mesh wire | Concrete+Cobble stone
Cost Cheap Cheap A bit expensive
Construction| Easy Easy A bit difficult

Height 173m 173m 3" 5m

Section

S I
LT
BRI o,




694 Where is water located ?(4)

( 694 ) Where is water located ? ( 4)

How do you
know ?
W ater is under
? this ground. .

Soil Soil 1.Slight slope
" Sand 2.Fault

3.Fissure in the rock
lm.
/.

Underground W ater




695 Where is water located ?(5)

( 695 ) Where is water located ? ( 5)

1.The site for former villages.

Itlostwar. @
However, only the mountains and the river

of a home village remained. How do you
know ?

7 ®

There is water in this village that the
villager used for a long time ago.




696 Where is water located ?(6)

( 696 ) Where is water located ? ( 6) @
1.The bottom of any existing well
should be carefully examined .
2.Indications as to water flow in the aquifers.

The flow of groundwater is known
when the well of a village is investigated.
The source of

the old water course.

Approximate boundary of the - - . Q
underground catchmentbasin. i SRR Y

53
G Approximate boundary of the

underground catchmentbasin.




697 Where is water located ?(7)

(697 )Where is water located 7(7 )

1.To investigate a site near
a river or a valley bottom.

River

Let us excavate
a well here.




698 Where is water located ?(8)

( 698 ) Where is water located ? ( 8)

1.To investigate a site near dam or a lake( pond )

o
4

© 3 a @

Letus dig
a well here.

W itchcraft

\L‘
Lake or pond

R S
U A s o S B

/

Small dam ( Fill Dam )




699 Where is water located ?(9)

( 699) Where is water located ? ( 9)

1.To investigate a site near a valley.

S e S e
AANNSANNNNENNW I iy iy

ool (Necl
-ﬂ‘ I . R Y . ‘ j
2 ’A ‘ ;‘ ‘. A‘
a well here. -
[’

Valley

The old man
of a village.




700 Where is water located ?(10)

( 700 ) Where is water located ?2( 10)

1.To investigate a site near Swamp(Dambo)

Mama.
We dig a well here.

i

)
’ O
&)
] &-""0 Spring Wat
) Spring Water o0 a0 S |
7 < l T 1 4n " . “' )3 River OO 3
Water Table : < 200 DG
Swamp "
Dambo

Water Table




701 Where is water located ?(11)

( 701 ) Where is water located ?2( 11 )

If you wanta well,
ask the old man
of a village.

[ temrion 7= oy

Investigated Item

Figure

Acacia,Baobab and Fig trees

Vﬂ/“ Villagers.
e ) g Dig a well around me

2. Quartz or sand stone
3. The colour of the earth Difi‘% changed.

. Fault— Fissure
4. Fault or Fissure on the ground rﬁ% Ground

F Vill
5. Former Village " ormir nage
NTFP

6. Existing Welll Groundwater Existing Wel%@

flowing direction) —l -
7. Near rivers 9 __ @ )

-~ — River

8 Near Dams or Ponds Fill Dam
9. Near Valleys W
10. | Near Swamps( Dambo) Swamp( Dambo)

° )




702 Surface water storage(1)

( 702 ) Surface water storage( 1)

o DT i £ @ 1.Cattle

Lake or pond % 3.Evaporation

99 99 .
06 9O 1.Farming

R R R R R e S A A 8 G I R T AT

2.Infiltration

/

_ W ater dries up for three reasons
Small dam ( Fill Dam )

1.W ater is drawn off for domestic use,
livestock and farming.

2.W ater infiltrates into the ground.

3.W ater evaporates into the air.

W ater dries up

R R R R R R R R R R R
R e s e

Small dam ( Fill Dam )




703 Surface water storage(2)

( 703 ) Surface water storage( 2)

To prolong the life of surface water.

1.Stream Cattle
{ ® - 1.Stream —_ #
Lake or pond % 2.3.Evaporation =~ @@ 9 Q Farming

ISIRSIENI

AT T
G e

/

Small dam ( FillDam )

4 Infiltration

To prolong the life of surface water.

1.Increasing the total volume of collected water.

2.Reducing the water surface exposed to evaporation by sun and wind.
3.Limiting evaporation.

4 .Reducing water infiltration into the ground.




704 Surface water storage(3)

( 704 ) Surface water storage( 3)

Small scale dam and Large scale dam

Cattle
i e ,_ 1.Stream —__ o

Lake or pond { 2.3.Evaporation T 0 99
99 99

Farming

R R I R R B R R R AR R RS RS R LI RALT AL
B

2%

/

Small dam ( FillDam )

4 .Infiltration

Small scale dam and Large scale dam

Objectives
Small scale dam 1. To increase surface reserves of water.
2. To stop soil erosion.
3. To promote infiltration.
4. To form cropping terraces.

Large scale dam 1.To increase surface reserves of water.
2.To collect water during the dry season




705 Many technical problems of building large dam(1)

( 705 ) Many technical problems of building large dam
D>

1.Highestrain
4 /// 2.Rainfall records

i + @
Lake or pond

3.Spillway

I
R R SRR

7.Infiltration / A Spillway

Large dam ( Fill Dam )

A-A section

Spillway

ater pressure

Technical problems of building large dam
1.To take account of the highestrainfall and runoff in the catch basin of the future dam.

2.To confirm rainfall records , estimates of accumulation atthe dam, Foundation

and rain cycle. 4.Stability
3.To calculate the size of the spillway to prevent overtopping by flood water. 2'&22210“
4.To calculate the stability of dam. 7:lnﬁ|trating water

9.To survey the ground or rock of the dam site.

6.To confirm if foundations are loose soil or not

7.To confirm if foundations have infiltrating water or not
8.To confirm if water pressure makes dam slide down or not




706 Many technical problems of building large dam(2)

( 706 ) Many technical problems of building large dam( 2 )
-

1.Highestrain
/// 2.Rainfall records
WW £ @ w ' _ £
Lake or pond =

5% SR 75% 4
— R R RS S i S

Spillway .
7 Infiltration / A Spillway Villager,build a dam,dig a well.
Large dam ( Fill Dam ) Store water ,planta tree
and make a field.
Spillway Send their children to the university
Impermeable A-A section
W
Dam core Seepage,Cracks, Overflow
( Compacted clay, and holes.

B

5 "
<X

(55

/ %
X5
L5555
e l;v.«z;&vs,tgé. Z
A G
ZA R 155 %)

LEXREE

stops seepage )

RS

[ stop drinking alcohol from today.
[ will build a dam from now.
Please introduce a wife to me.

Large dam ( FillDam )




707 Traditional pond(1)

( 707 ) Traditional Pond( 1)

Traditional Pond Techniques
1.A traditional pond is a deep circular pond.
2.A traditional pond supplies water for villagers in the dry season.

Traditional Pond ‘

W ater

\ Traditional Pond
¥~ Embankment

RN W ater surFace




708 Traditional pond(2)

( 708 ) Traditional Pond( 2)

Traditional Pond Techniques
1.Reduce the surface exposed to evaporation( Wide 20 to 50 metres) .
2.Dig outthe pond( Depth between 5 and 10 metres )
3.Lessen the action of the wind.
1.Soil excavated from the pond bottom.
pile soil on the embankment
2.The bottom of the pond is cleaned out
3.Planttrees on the embankmentto actas windbreaks.
4.Establish shade zones over the surface of the water.
5.Reduce overheating during the day.
4.The bottom of the pond is paved with stones and clay to make
itimpermeable.
5.A circular path allows people to go round the pond on foot
6.W ater is channelled from a stream to the pond.

e ® Traditional Pond
e — 6.Channelled

3-3.Trees
¥~ Embankment

~~~~~~~~~~~~ o TT— </

Traditional Pond e 3-1.Sojl excavate

2.Depth 57 10m
4 Stones
Clay soil.

3-2.Cleaned ut

Stream




709 Traditional pond(3)

( 709 ) Traditional Pond( 3)

1.Reduce evaporation from water surface.

&

Evaporation Evaporation

G (TT

1.Water will have evaporated in a few hours. 2.W ater left after several days.




710 Traditional pond(4)

( 710 ) Traditional Pond( 4)

Some improvements on the traditional pond.

1.The entry channel to the pond could be developed.
Gabion,Small dam.

2.Polluting activities should be banned inside the pond enclosure.
1.A watering place and laundry facilities could be built outside the

embankmentif a handpump and piping were installed.

3.Thorny species could be planned on the sides of the embankment
so as to form a barrier round the pond.

4 Useful trees planted on the inside face of the embankmentwould
increase the shelter beltand establish a cool zone above the water.

R, Traditional Pond

@
A S e e T P 1.Channel

4. Trees

B A > 2.Laundry facilities

Embankment

Stream




711 Traditional pond(5)

( 711 ) Traditional Pond( 5)

Evaporation is reduced by shading the surface of the pond.

Trees




712 Traditional pond(6)

( 712 ) Traditional Pond( 6 )

W aterlilies reduce evaporation.

S




713 Traditional pond(7)

( 713 ) Traditional Pond( 7)

Ponds are useful for watering cattle.

We can drink much water
during the dry season.

Traditional Pond




714 Traditional pond(8)

( 714 ) Traditional Pond( 8)

Ponds are useful forirrigating small gardens during the dry season.

©

STy Cabbage gg e/

Stream




715 Traditional pond(9)

( 715) Traditional Pond( 9)

Ponds could be established in order to develop fish farming.

My hobby is fishing.

Fish farming




716 Traditional pond(10)

( 716 ) Traditional Pond( 10)

W ays of improving a pond
1.The supply channel is paved.
( Small gabion dams )
2.The embankmentis surrounded by
a thick hedge of thorny shrubs or a fence.
3.Trees are planted on the embankment.
( Trees provide fruits,animal feed and wood )
4.Cattle are keptin an enclosure.
5.The pond is deepened.
6.The embankmentis raised.
7.The waterfrontis cleaned.
8.There are regulations for keeping the water clean.




719 The problem of villagers(3)

( 719) The problem of villagers( 3)

During the dry season,the youth migrate
to distant cities in the hope of finding work,
leaving the aged and the children behind.

At first
Marry a wife.
Plant a tree.
Build a small dam.
Dig a well

by yourself.

T @

P
—
N

......

One of the ways of helping young men find gainful employmentin villages,
especially during the dry season.

1.Development of the water management.

2.Young people and women can be trained in villages .
( on water needs of agriculture and livestock)

3.They can earn income during the dry season.




720 Water lifting system(1)

( 720 ) Water lifting system( 1)

L

T

.....

Borehole

1 Equipment costs.

2.Cost of servicing and repair.
3.Local craftsmen for repairs.

4.A supply of spare parts.
d.Management

6.Rules in order to prevent pollution.

Well

—nr

A small
pump

—

N




721 Why do you become rich ?

( 721 ) Why do you become rich

W hy are you
poor ?

200 =7 e0e0alool

W ell

O




722 Population is growing

( 722 ) Population is growing

000000000000 1ne000 200 m 600020060
Well

Why is the land to
cultivate required ?

W e have to look for
other ways to keep
ourselves alive.




723 Endless expansion of urban areas

( 723 ) Endless expansion of urban areas

My children !
If a dream is broken,
You return to the country side.

We will live in this beautiful hometown.

1.Young people see the possibility of a job.




724 A family is living by shifting cultivation(1)

( 724 ) A family is living by shifting cultivation( 1)

Villagers !

Use land carefully.
Send children to school

The land is exhausted.
The family leaves it fallow and
moves elsewhere.

O years before FE P DR IS T T . SEPTPTTFEL LT —a e GOOL

wawwwwwwWM
Now.

"‘ 10 years before.




725 A family is living by shifting cultivation(2)

(725 YA family is living by shifting cultivation(2 )

5 yegrs before : 2> Y 7 YTVVVV‘YYYVTVV‘YTVVVWﬁ—MA' NS
.',v,;
MWWW%WWW%W%WWWW ¢ 10 years before.

Most of the trees are gone.
There is no protection left
against erosion by the trees which are gone.

There is already no life
Q with cows and children.

e
The land is exhausted.

Now. The family leaves it fallow and
moves elsewhere.

Many
What shoud _children

| do 7




726 Clearance by fire

( 726 ) Clearance by fire

1.The ashes from trees,bushes and 4 Vegetation cannotrestore the fertility
other vegetation actas a fertilizer. of the soil.

2.Excessive burning also destroys 5.Unless itis used with great care,
the humus contentand the structure fire can bring about the collapse of soil.
of the soil.

3.The fertilizer is quickly leached away

Why do you
become poor ?

by rain .

 Poor.

Y, NS S
Now.




727 Loss of forest rivers

( 727 ) Loss of forestrivers

After cutting trees River

1.Forests bind the soil with their roots and

protectitagainst erosion.
2.Forests are important habitat for a wide variety of wildlife. @
3.The trees have been removed.

4. There is a major erosion problem in the making. Why do you
cuttrees ?




728 Deforestation

After cutting trees

( 728 ) Deforestation

Plant trees.

W hat should
[do?

River

1.Steep slopes need the protection by forests and natural woodlands.

2.The forest cover ( natural vegetation has been stripped away by erosion )
3.The exposed slopes are scoured with gullies and landslides.

4.The hill soils are lost forever.

5.Without trees and vegetation in uplands,river floods more easily.

6.The soils are deposited behind the dams and irrigation projects.

7.W here erosion is so advanced that natural regeneration is impossible.
8.Planting trees and other vegetation will be needed to restore the landscape.

Erosion

T NS

River River




729 lll planned development projects

( 729 ) Il planned development projects

1.Inadequately planned agricultural development
projects can lead to disaster.

2.The woodland ,trees,shrubs,and undergrowth
have been eaten by cattle and goats.

<

Nothing .,




730 Monoculture

Only Maize
( Diseases )

1.The cultivation of single crop over a large area.

730 ) Monoculture

000000

8

Tomato

Cabbage

Good ¢,

2.Same techniques have been introduced and continued.
3.These farming methods provide higher crop yields.
4. Butthese farming methods use more fertilisers and pesticides.
5 W ithout these inputs yields quickly fall.
6.Soils are more easily exhausted.
7.Pests and plant diseases can'tbe controlled completely.
8.The most effective protection against such risks is

to grow a wide range of crop varieties.




731 Biodiversity

( 731 ) Biodiversity
Metoo
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Tropical rainforest

1.The tropical rainforests are the richest and most complex of the world’s living systems!. I was happy to be born.

2.They are the habitat of an extraordinary variety of animals and plants.
3.They have already shown themselves as the source of medicines and improved food crops.
4. They actas a huge natural carbon store,playing an essential partin stabilising the global
temperature and climate.
5.The tropical rainforests are being destroyed.
6.0ver 200,000 m2 are cut down for timber or cleared for agriculture every year.
7.In the process,a multitude of biological species are being lost for all time.
8.The destruction of the rainforests is one of the greatesttragedies of the modern world.
9.Their loss may be putting the global climate and rainfall patterns atrisk.
10.Protecting of this common human heritage is not only the developing world
butalso whole human race.




732 Livestock and wildlife

( 732 ) Livestock and wildlife

The earth.
i S
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We like the
excreta of hippos.

[cXeXeX @)

We like
a green leaf.

1.The animals are adapted to survive on
what their native environment provides.




733 Overstocking

( 733 ) Overstocking
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1.Disease and climatic hazards used to keep the numbers
of livestock small and within the capacity of the environment
2.But now ,thanks to medicine and deep wells which tap into
underground water resources.
3.The numbers of livestock have greatly increased.

4.Atthe same time,the grazing lands are being reduced as
farmers expand the area under crops.

5.In many areas,the pastoral system has collapsed.

6.The vegetation is so overgrazed.

7.The only way to save itis to reduce the number of cattle.

8.The areas to be setaside in rotation so thatthey have a
chance to regenerate.




734 Overgrazing

( 734 ) Overgrazing

Nothing
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1.Droughtis one of the greatest hazards in the arid regions.

2.A major investmenthas been made in providing permanent
water supplies for cattle.

3.The numbers of animals have increased.

4.The surrounding pastures are being over-exploited.

5.As a result ,plants are unable to regenerate and the only vegetation
cover is provided by annual plants.

6.When the dry years come,these will notbe able to produce
enough seeds to replace themselves and the land will be leftbare.
7.Near the water hole there is a large patch where the plantcover
has been completely lost
8.Damage is also beginning to show in other areas.
9.All these will join to form a huge sterile zone if the number of
grazing animals is not controlled.
10.When water supplies are being provided.
11.Making a fair charge for the water supply and involving
the local community in its management,is the bestway of
ensuring thatthe numbers of cattle are in balance with
the availability of fodder.




735 wildlife

( 735) Wildlife
Ask your action.
O Wild animal e .
¢ Ty g7 "@%@ g @ dﬂ‘j’v "%w v oGt Pr, @ 9.3 o ’ ¢ G 'y
[ [ LA o ¢ e 6f!
FATLe) @ @ o4 & ¥ @‘D@m
@b@@@ ¢ Vi P o0 Y fpa v St 0 Why do animals
& s S SN el e -
QQQ@ T dislike me ?

i
I
Xﬁ Farmers come.

1.Farmers in search of new lands for cultivation
are driving wild animals from their traditional rangelands.




736 Water resources

( 736 ) Waterresources

A desertis green.
Man is very wonderful.

However, man sometimes
makes mistakes.

My wife complains every day.
To choose husband was mistaken.

1.Even in the deserts,itis possible to
provide a water supply.
2.Deep wells are being dug to exploit
underground water reserves.
3.Dams are being builtto regulate river flows.
4 Irrigation schemes are being
constructed to bring new land areas
under cultivation.

Borehole
—

N Irrigation

5.Their aim is to ensure development,
produce more food,create new income.

6.But pollution,waste and over-exploitation
are increasingly putting the world’s water
resources atrisk.




737 River basins

( 737 ) Riverbasins

Human beings.
Use land wisely.
Don't pollute a River.

We have lived with the river
for tens of thousands of years.

W e live with a river.

River basins




738 Irrigation

( 738 ) Irrigation

If you wantrice,pull water on land.
If you wantwheat dig a canal.
If you want fish,make a pond.
If you love your country,build a dam.
If you want water,dig a well.

Irrigation

Rice field '

Dam




739 Salinisation

( 739 ) Salinisation

1.Salinisation also happens when poorly desighed
irrigation programmes are carried out
2.Salinisation occurs when there is

@ poor drainage and the salty

water rises to the surface and evaporates.
Drainage is important 3.This natural distillation process leaves
the saltbehind on the topsoil.

4.It cannot support agricultural crops.
5.The soils are no longer fit for cultivation.

Irrigation Canal

e

raflal
// W heat field

/ ‘?’f“" o

River




740 Large dams

1.Large dams are used for power generation or irrigation during
the dry seasons. ( 740 ) Large damS
2.Large dams also permitbetter flood control in river basins.
3.Large dams sometimes cause major financial and
environmental problems.
4.0ne needs the debts to build large dams.
5.Vast of land has been flooded for storage reservoirs.

6.People have been displaced,and forest and wildlife resources
have been destroyed. Build many
small dams
< R TT ==
Y

7.The creation of large storage reservoirs has also led to ™\
the spread of water-borne disease and collapse of

coastal fisheries.
8.Many of these problems were notforeseen
when the projects were being planned.
9.Now they cannotbe ignored.
10.If large dams are to be builtthere needs to be a
thorough multidisciplinary investigation of all the problems
they are likely to cause.
11.It will be found that a series of smaller projects would provide
most of the benefits ata lower investment cost and
greatly reduced social and environmental impacts.




741 Flood hazards

( 741 ) Flood hazards

1.A flood threatens human beings’ activities.
2.If the trees on mountain slopes are cut Rainwater
flows at once,and flood will occur.
3.Itis the same as building a big dam as to planttrees on mountains.
4.Cutting trees on mountain slopes causes big losses due to erosion.

——Woods are a big dam.
17/ /)
S L/ )

U0 Solanloof
Bl g I o= fw@%@?fw@@?@
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i e
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Plenty trees

No trees




742 Erosion and land degradation

( 742 ) Erosion and land degradation

Human beings may be natural destroyers.

This desert was a tropical rain forest
a long time ago.
Who destroyed the forest?

Itis your ancestor.

I, -




743 Soil compaction

( 743 ) Soil compaction

< W e can't give nutrition to the soil.
i M This soil is not delicious.

¥ -/
S ij¥\’_f%&_/_/ Earth worms

Ifa well is dug,

people gather and cows flock.

0 The ground will become hard.

The ground cannot absorb water.
Itbecomes impossible to grow crops.




744 Erosion by water

( 744 ) Erosion by water

s

\ Soil erosion caused by water

\’)
=

/1111117

No Erosion by water

1.W ater is nature’s most effective erosion agent
2.The erosion has killed the surrounding vegetation
and is preventing new growth.




745 Sediment deposition

( 745 ) Sedimentdeposition

If erosion of the ground occur,
the soil will accumulate in the mouth of a river.
Atthe time of a flood.

A bank is destroyed and danger is caused.
Crops are destroyed totally.

However ,in ancienttimes,
crops became a blessing.




746 Coastal pollution

( 746 ) Coastal pollution

>
////////

The sea becomes dirty)

wfion

Sediments We do nothave food.

ol o
- ‘.

1.Sediments are carried by the river ,and damage is done to ecosystem
of the seashore.

2.Pollutants are also carried to the sea due to uncontrolled erosion
and water pollution from industrial waste.




747 Dune invasion

( 747 ) Dune invasion

Please wait
for a while.

T
Dune

Fences Dune

Sea

1.Dune is made by grazing animals or over—cultivation.
2.Many methods( To stabilise the dunes ) have been tried,
1.Planting with grass,shrubs and bushes.
2.Using fences and plastic sheeting and spraying with heavy
oils or latex.




748 Desert region

( 748 ) Desertregion

Ta

Because,our god was born in the desert

L




749 Terrace farming

( 749 ) Terrace farming

S

/7
L1117

Soil erosion

\

Mountain slope

Farming is difficult
on mountain slopes
because of soil erosion.

I like a hard

working woman.

A young man.
Remained in a village.
Planttrees,and get
a beautiful bride.

Terrace farming

Labour and cooperation of a village
required for construction and maintenance.




750 Contour farming

( 750 ) Contour farming

/ Embankment provide
barriers against the soil
being carried away.
—
~

Contour farming is one of the most effective ways
of minimising the risk of water erosion.




751 Oasis farming

( 751 ) Oasis farming

1.Fertile oasis can be created in the desert
by pumping or drawing water from groundwater.
2.The trees are also an essential elementin oasis farming.

Desert

Oasis farming

Spring water




752 Dune stabilization

( 752 ) Dune stabilization

1.A honeycomb of small basins has been
constructed to protect erosion.

S -

/ Land is destoyed by overgrazing
or destructive farming.
QQ@@Q@

[ P iy N iy i s~ e W Bt < ) e U B S ) s, ——

A honeycomb of small basins < .————— Desert

No erosion




753 Pollution and waste

( 753 ) Pollution and waste

1.Pollution is a consequence of industry and urbanisation.

Don't pour sewage into the river.
Don't pollute a river.
Don’tpollute the sea.
Don'tforget God's anger.

[ don'tforget m@




754 Water Pollution

( 754 ) water Pollution

1.Non-stop polluting ground water. @
2.Fish stocks and food are put atrisk.

3.Many marine organisms and plankton [ dontallow.
are damaged by pollutants.

W ater covers 3/4 of the earth’s surface.
=X 2~ 0il tanker
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W ater Pollution




755 Energy consumption

( 755 ) Energy consumption

1.Developing world is going to need
these fuels( oil,coal and natural gas)

2.Third world families depend on fuel wood.

If one tree is cut,
100 trees should be planted.

Is there any method
of protecting nature
without cutting trees?

Il




756 Pesticides and fertilizers

( 756 ) Pesticides and fertilizers

1.Without the use of fertilisers and pesticides,
agricultural production would collapse.
2.Butthere are dangers from chemical fertilisers.

)

Stop using chemical fertilizers
and use organic fertilizers.

jﬁ What should I carry out ?

& 0




757 Alley Cropping

( 757 ) Alley Cropping

1.Alley cropping is shown here on a steep slope.

2.Rows of trees and hedges alternate with strips of grassland
or cultivated land.

3.Controlled grazing with cattle is possible between the rows.

4.Crops can be grown for sometime until the soil is left fallow to
improve fertility,supported by organic material from tree leaves
and fixation of nitrogen through some trees.

9

Make land fertile.

How to become rich ?




758 Grass Strip

( 758 ) Grass Strip

1.Grass strips are used on the gentle cultivated land to the left

2.0n the steeper slopes to the right terrace developmentis needed.

3.The farmer automatically ploughs parallel to the strips.( a measure
which reduces erosion further)

4.The grass strip has already developed into a small terrace.

Grass Strip Steeper slopes
( Width 1.0m ) /

Your beautiful

bride is here. Gentle land




759 Level Bund

( 759 ) Level Bund

1.The level bund in front of the slope follows a horizontal line.

2.Level bunds are walls to retain all runoff between two bunds.

3.0verflow should never occur.

4.Soil eroded between two bunds is deposited in the basin
behind the lower bund.

9.Whenever the basin is full of sediment,the bund mustbe raised.

6.Bench Terrace will develop .

7.1 m vertical interval. <>

I

¥ %}r%%%% No erosion

FFFf
1T
T WWW |

I have responsibility for
maintenance of bunds.

Soil em bankment/

Stonj-faced JL\

embankment Infiltration ' Bund
Maintenance




760 Bench Terrace

( 760 ) Bench Terrace

1.Levelling the cultivated land will greatly reduce soil erosion.
2.The cultivated land will be almostlevel when terrace is developed.

Steeper slopes

No erosion : 2

Terrace *
( Stone wall bund )




761 Controlled Grazing

(761 )Controlled Grazing

1.CGrassland utilisation with livestock without degradation of
vegetation and soil occurs.

2.Controlled grazing can be continuous or in rotation.

3.Controlled grazing helps to prevent degradation of grassland,
conserve soil,water and vegetation and provide for better animal feed.

4.Herders prevent livestock from entering the portion of grassland.

5.The animals are allowed to move freely in the grassland.

6.When all grass is eaten up,the herd shifts to other grassland.

/.Supervision and training of herdsmen are needed to keep the rules
of rotational grazing.

8.Live—fences are the responsibility of landlords who have to protect
the cultivated land from grazing.

Next vyear
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762 Cut and Carry

( 762 ) Cutand Carry

1.Cutand carry is a system of utilising forage for stall feeding. 8.Water is retained during storms and runoff is reduced.
2.Livestock is excluded from grazing. 9.Natural vegetation grows.
3.Cutand carry is a conservation -based management technique 10.However,animal dropping is reduced with negative effects
to preserve soil and vegetation. on soil fertility due to absence.
4 It also provides fodder for livestock,and firewood and small fuelwood. 11.Cutand carry mustbe organised by the peasantassociation
5.Cutand carry is applied only after the grass has recovered. for communal land.
6.Itis advisable to cut grass once during rainy season. 12.The peasantassociation provides for management of cutand carry.
7.Cutand carry allows an excellent recovery of vegetation and 13.Frequency of harvesting depends on the weather conditions.
maximum soil protection. 14.Live-fences have to be developed by the land holders.

However,we provide you milk,
meat, and labour.

We are sometimes
the servants of livestock.




763 Grassland Improvement

( 763 ) Grassland Improvement

1.Grassland improvementincludes all activities aimed atimproving
the productivity of grassland whereby runoff and
soil erosion are reduced.

2.Grassland improvementincreases the productivity of the area
for fodder.

3.Itreduces runoff and soil erosion through
a better cover of the ground.

4.Removal of shrubs that prevent good growth of vegetation.

Harvested and replanted




764 Soil Conservation(Tree Planting)(1)

( 764 ) Soil Conservation ( Tree Planting ) ( 1)

1.Tree planting for conservation is to improve the vegetative cover
of the ground.
2.Tree planting reduces runoff and soil erosion and produces wood.
3.Tree roots stabilize the soil and tree protects the ground
from raindrop impact
4.Trees improve infiltration of moisture in the soil provide mulch
and organic matter .
5.Trees recycle nutrients and provide high protein manure
or animal feed.

Thank you for mother.
I became rich by the tree
which you planted.

fﬁ\ Gagen %@ﬁ :

An0Aa Y

Seeding Spray water Planting

Mango




765 Soil Conservation(Microbasin)(2)

( 765 ) Soil Conservation ( Microbasin) ( 2)

1.Microbasins are used for tree planting in dry areas.

2.Microbasins are used to harvest water from a larger area ( 2-3 m @

Rainfall\\\\\\

diameter ) on gentle slopes.

Microbasin %j@ %@
o\ LA
S /
St Lan




766 Soil Conservation(Hillside Terrace)(3)

( 766 ) Soil Conservation ( Hillside Terrace ) ( 3)

1.Hillside terraces are mainly used to prevent damage by floods
on steep slopes and below.

2 Hillside terraces help to retain runoff and sediments
on steep sloping land.

Up to Im>

Vertical inTerval 2-5m>




767 Brushwood Checkdam

( 767 ) Brushwood Checkdam




768 Soil Conservation(Area Closure)(4)

( 768 ) Soil Conservation ( Area Closure ) ( 4)

1.No livestock is allowed to graze,and no human interference
tolerated for 3-5 years.

2.All human and livestock interference is excluded. W ait to cut trees.

3.Area enclosure has been fenced by living plants to protect W ait to eat grass.
forest from livestock grazing. For several years.

4. The responsibility for closed areas is with the Peasant Association.

W e wait for children. m
m) Area Enclosure m




769 Soil Conservation(Revegetation)(5)

( 769 ) Soil Conservation ( Revegetation) ( 5)

w You are great
, + ©

"W9 There is no grass
to eat
g

%%m A
Cattle

I will make this devastated ground
green with my family.

1.Revegetation is the most effective way for soil conservation.
2.Grass is able to reduce soil erosion .
3.Cattle are excluded from grazing all year.




770 Soil Conservation(Checkdam)(6)

( 770 ) Soil Conservation ( Checkdam ) ( 6)

Stone checkdams
( Tm heightand 4m width )

Sediments

[am a man who
protects the earth.
Butl am crying
by the woman.

1.A checkdam is an obstruction wall across the bottom of a gully
or a small river.

2.Checkdams preventthe widening and deeping of a gully.

3.Sediments are deposited behind the checkdam.

4 .Stone checkdams of about 1Tm heightand 4m width.




771 Soil Conservation(Cutoff Drain)(7)

( 771 ) Soil Conservation ( CutoffDrain) ( 7)

Only those who controlled water
< > % gotused to a rich man. @

Only those who gotthe good woman
gotused to happiness.

1.A cut off drain is a channel used to collect runoff from the land above

and divert it safely to a waterway or river.
2.Cutoff drains protect cultivated land from upslope forestland or grassland.
3.Cutoff drains protect downslope land from runoff and erosion.
4.Controlled grazing is used with tied cattle.

200 %
We are happy.

Cutoff Drain

S




772 Soil Conservation(\Waterway)(8)

( 772 ) Soil Conservation ( Waterway ) ( 8)

W hen water is conserved
it can make someone rich. @

Revegetation

N
9508 9809 Cole? 90004 oo
pe——

~ Cutoff drain

Check dam

SRR
ESQ8Sede2002s,
N Sessassel
S

1.A waterway is a natural or artificial drainage channel along
the steepest slope. =2
. Waterway
2.Artificial waterways need to be grassed or stone paved.

3.Waterways enable runoff water which is not stored behind bunds.




773 Soil Conservation(Micro-Catchments)(9)

( 773 ) Soil Conservation ( Micro-Catchments) ( 9)

W ater is collected and
trees are planted.

s

////////////////////

. .
9 03033'0'0'

Trees are planted and
Erosion is prevented.

MicroBasins

Semi-Circular




774 Soil Conservation(Micro-Catchments)(10)

( 774 ) Soil Conservation ( Micro-Catchments ) ( 10)

T

T Small tiangular microcatchments
) mall triangular microcatchmen
@@%%@g@ used to re—afforest a hillside.
Fp D

@ Small earthwork structures are usually
% @ @ cheaper and easier to build and maintain

&%y,

than terraces.




775 Earthwork Structures(Contour Ridges)(1)

( 775 ) Earthwork Structures ( Contour Ridges ) ( 1)

the contour,and the trench
compacted into 30 cm ridge
on the downhill side.

Contour Ridges

e

T S— : A shallow trench

Fruittrees and

fodder grasses

A shallow trench is dug along \
B Ya




776 Earthwork Structures(Contour furrows)(2)

( 776 ) Earthwork Structures ( Contour furrows ) ( 2)

To allow water
infiltrate,the furrow profile

mustbe horizontal, Itis very
wonderful.

Surface run—off can also be led
off laterally into a waterway.




777 Earthwork Structures(Infiltration Ditch)(3)

( 777 ) Earthwork Structures ( Infiltration Ditch ) ( 3) @

>

This technique only works on permeable soils
that have the capacity to absorb.
The storm run-off that will accumulate.

Top soil

The borrowed money is paid.
The woman who took does notreturn.

The rain which fell
is returned to the ground.

The surface run—off water collects
in the horizontal ditch and slowly

infiltrates into the ground.

Ridge
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30cm Flatbase

The ditch will tend to siltup,which hinders

. . infiltration ,and mustbe cleaned outregularly.
Protect the ridge with 8 v

the trees sand grasses.




778 Trees and Shrub on Terraces(Bench terrace and waterway)(1)

( 778 ) Trees and Shrubs on Terraces( Bench terrace and waterway ) ( 1)

Terraces are built mainly to conserve the soll

>
/ Trees and Shrubs and to stabilize the slopes of steep land.
No water
iy

erosion \\ Bench terrace  N¢ wind
D erosion

4

Check-dam

W aterway




779 Trees and Shrub on Terraces(Bench terrace and waterway)(2)

( 779 ) Trees and Shrubs on Terraces( Bench terrace and waterway ) ( 2)

O

The velocity of the water flow is stopped.
Trees are planted and land is made green.
Your country becomes rich.

My child builds our country.

>

////// No water Trees and Shrubs N:rlvsi?odn ) ) .
erosion \\ 1.Terraces are built mainly to conserve the soil
: wing and to stabilize the slopes of steep land.
2.Trees and shrubs may be used to stabilize a terrace
and provide leaf mulch,shade and shelter from wind.
3.Terraces may also improve site conditions.
4 Broadbase terraces designed to remove or retain water
on sloping land.
9.Bench terraces are built to reduce the slope of land.




780 Excavated Bench Terraces

( 780 ) Excavated Bench Terraces

TS .
X~ Top soil

< Sub soil

e
SETN
R
%% %00
e
T

Bench terrace

///7//7 Tre\js and Shrubs

%’f.:’:;‘:'g‘{ soil
< Sub soil
(3)
Check-dam \'
Waterway §

(4)

%55
BE5%

X
RIS

5 Replace top soil
40554
st
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781 Siting Trees on Terraces

( 781 ) Siting Trees on Terraces

Wind
V

Wind and Shade
Protection

P

Driest Place

Edge Planting

Toe Planting

W ettest Place




782 Protection and Stabilization of Water and Gullies(1)

( 782 ) Protection and Stabilization of Waterways and Gullies( 1)

Those who governed water| | My family’s Queen is a wife.
became Kings. %(f/

FHT AP ISR ‘1’!&"’&((];- = 3== i .>-g o) I
I ety 3 @»@WT o )

@@@@@@@?@ 93

1.Trees and shrubs can play a major role
in stabilizing waterways,gullies and
natural stream banks.

2.Woody vegetation helps decrease water velocity
along the channel edges and protects exposed soil,
gravel or rocks.

3.Trees,shrubs and grasses can reduce flow velocity
across the entire channel.

Channel
Trees and shrubs




783 Protection and Stabilization of Water and Gullies(2)

( 783 ) Protection and Stabilization ofWaterways and Gullies( 2)

@ We protect
If grass is planted on the river side, banks
water will become beautiful and [ willbecome healthy
. . Root systems
erosion will be lost lfl am on your side.
SO|I particles
S LT gy %-’H* el o

ST R R e )

ST I O

1.Root systems of trees and shrubs hold
the soil and rocks lining the channels.

2.Root systems of trees and shrubs can
also protect channel banks from erosion.

3.0nce the flow is slowed down,more water
can seep into the soil.

/

' ( W ater Flow )

Trees and shrubs




784 Gully Control

( 784 ) Gully Control

If possible,divert water @
to controlled waterway.

Head Gully

The best method
of preventing gully
is to planttrees.

Plant hardy shrubs

Planttrees on slope.
/ P Trees planted upstream

of rock plugs.

Cross—checked
with bamboo( Timber)

The best method
of building a country
is child’s education.

Qqqq 0 " Plantgrasses

Check Dam made of stone Qéq&&ﬂ
and shrubs




785 Stream Bank Protection

( 785 ) Stream Bank Protection

Fruitand timber trees
on the edges of cropland

O / \
/

Trees on slopes for stabilization

\

y Fodder shrubs and grasses

Normal water level

1.Channel is controlled by vegetation and trees.




786 Check Dams(1)

( 786 ) Check Dams( 1)

If possible,divert water
to controlled waterway.

Head Gully

“~_wooden pole

Check Dam made of wooden poles
sunk into the gully bed in two lines
45-60cm apart.

The space is filled in with galvanized wire.

Cross—checked
with bamboo( Timber)

Check Dam
made of stone




787 Check Dams(2)

( 787 ) Check Dams( 2)

Check Dam made of stone
must notreach up to the top
of the gully.

Stones should be carefully laid,
and in filled with earth sods.

%)

/ Apron Exacavate base of gully floor,
VAN

and fill with smaller stones.

Cross—checked
with bamboo( Timber)

Check Dam byt
made of stone




788 Live Check Dams

( 788 ) Live Check Dams @

[ answer
[tis the same as the thing
that a mother needs for
a delicate child.

Rock backfill

Soil backfill Posts sunk into ground

Lines of trees and shrubs

Why is a check dam
necessary ?

Cross—checked
with bamboo( Timber)
Live Check Dams

Living vegetation can both strengthen
structures and make sites productive.

{

Wg
Spacing and arrangementare importantCheck Dam lot :%34
made of stone




789 Contour farming

( 789 ) The benefit of agroforestry practices

1.Soil and water conservation.

2.In areas where rock and cementare in short supply.

3.Trees and shrubs provide the only available conservation tool.

4 Vegetation can strengthen and make the site more productive.

9.Products from vegetation planted along waterways include
fuelwood,poles,fodder for livestock or bees,oilseeds and fibre.

You can become rich
by only planting trees

A village
becomes rich

Plenty fuelwood

. ! ‘

Earthworms @% A q
7

{

“ qugw




790 The benefit of agroforetry practices(2)

( 790 ) The benefit of agroforestry practices( 2 ) @
1.Careful use of sites along waterways may make a major contribution
to the fuelwood and fodder needs of poor people with little or no land Trees are planted.
of their own. Land will become rich.

2.A series of planting ( 2km long,2.5m wide ) area of 5,000 square meters.
3.In 1 year.
4.This area could produce enough fuelwood for 10 to 15 people,

enough roofing poles for 10 houses and enough fodder for 5 cows.

Roofing
Poles
Plenty fuelwood
o e
10 Houses

" Y i i 4 Vi / '
K <z ’ Eessi e | ZEJ 15 People
< q ¢
& : f \
\ { q
5 fq i ot @ ! ‘
) i

Countless
Earthworms




791 Live Fences

( 791) Live Fences

1.Live fences( walls of vegetation ) protect croplands and pasture
from moving animal.

2.Some live fences are constructed to protect communities from
aggressive neighbours and foreign invaders.

3.People plantlive fences to keep out domestic or wild animals.

Our village is safe

W e cannotinterfere Live Fences

RF g \ﬂﬂ( Iy
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792 Direct Seeding Fences

( 792 ) Direct Seeding Fences

In small gardens,W here water is available ,direct seeding can rapidly
establish live fences.

1.Firstbuild a temporary fence.
2.Dig a small shallow trench about 50cm from the temporary fence.
3.Place seeds in the trench( Treated seeds if necessary )
and lightly cover with soil.
4 Keep moistthrough frequent watering.
5.During the first 2 to 5 years,a live fence requires
careful maintenance.

The next garden
looks beautiful




793 Small Trench

( 793 ) Small Trench

1.A small trench can also help to protect both the live fence
and the enclosed area.
2.A small trench prevents cattle from browsing young trees.

However,man likes war and
man does notrealize a mistake.

% RS 77

S S R
<

-‘2$;f,;;;w K

Small Trench




794 A live fence with fruit trees

( 794 ) A live fence with fruittrees

1.A live fence with fruit trees provides
a useful windbreak for a kitchen garden.

2.Live fences protect gardens ,tree nurseries
and tree planting sites.

3.Live fences provide fuelwood for domestic use
and pods for cattle and goat fodder.

Kitchen garden

Lagaotoe

A live fence with fruit trees




795 Branch Pruning

( 795 ) Branch Pruning

1.As the trees mature,branches may be pruned
or lopped to reduce shadding.
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796 Root Pruning

( 796 ) RootPruning

1.Lateral roots that would compete with crops can be pruned
from young trees once they have established themselves.
2.Dig a trench 50-100cm from the tree line.
Cutthe exposed lateral roots with clean angled cuts.




797 Windbreaks(1)

( 797 ) Windbreaks( 1)

1.Trees or shrubs planted to protect fields,homes,canal
or other areas from wind and blowing soil or sand.




798 Windbreaks(2)

( 798 ) Windbreaks( 2)

1.Reduce soil erosion.

2.Improve the microclimate for growing crops.

3.Shelter for people and livestock.

4 Wind is a major cause of soil erosion and moisture loss in dry areas.
5.Windbreaks can increase and sustain crop productivity.

6.Windbreaks reduce the speed of the wind.

7.Windbreaks decrease water evaporation from soil.

8.Plants reduce evaporation from water surfaces,irrigation ponds,canals or streams.
10.Windbreaks can provide poles,fuelwood,fruitfodder,fiber and mulch.

Stop the wind Wind

We are 3 Windbreaks

Brothers
[ was defeated
J completely.
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799 Windbreaks(3)

( 799 ) Windbreaks ( 3)

Windbreaks Design
1.Windbreaks mustbe semipermeable by the wind —to slow it
2.The windbreak mustnotbe too dense.
If the wind is blocked completely,it will cause turbulence
over crops.
3.Dense windbreaks create strong air currents
that damage crops and promote soil erosion.

Turbulence stay high
Dramatically reduced Q

wind speeds

%
(AR R RS EEE

Protected Cropland

Prevailing Wind




800 Windbreaks(4)

( 800) Windbreaks ( 4)

Windbreaks Design
1.Windbreaks mustbe semipermeable by the wind -to slow it
2.The windbreak mustnotbe too dense.
If the wind is blocked completely,it will cause turbulence
over crops.
3.Dense windbreaks create strong air currents
that damage crops and promote soil erosion.

Dense Windbreaks




801 Windbreaks(5)

( 801) Windbreaks ( 5)

Turbulence stay high
Dramatically reduced Q

wind speeds

Windbreaks Design

ITITTTITTININY
O Y 1.Windbreaks mustbe semipermeable
Protected Cropland by the wind ~to slow it
2.The windbreak mustnotbe too dense.

/ If the wind is blocked completely,
e it will cause turbulence over crops.

‘ T~ ——— 3.Dense windbreaks create strong air currents

. that damage crops and promote soil erosion.
|
e

Dense Windbreaks

Prevailing Wind




802 Windbreaks(6)

( 802 ) Windbreaks ( 6)

Windbreaks Design

1.Dense windbreaks increase wind speed and contribute to soil
erosion and crop damage on the leeward side.

2.The windbreak mustnotbe too dense.
If the wind is blocked completely,it will cause turbulence
over crops.

3.Dense windbreaks create strong air currents
that damage crops and promote soil erosion.

4 farmers use windbreaks to protect crops,water sources,soils
and settlements on farmlands.

Strong air currents

Soil erosion

Dense Windbreaks




803 Trees and Shrubs along roads and paths

( 803 ) Trees and Shrubs along roads and paths

1.Trees provide shade and reduce duston land.

2.Trees provide wood,fruit,gum,oilseeds,honey and
animal fodder and other useful products.

3.Poor and landless people may derive an important
income by harvesting tree products from roadsides.

You will plant trees
to produce money.
@ p Yy

This road is full of fruit trees.




804 Roadside tree placement

( 804 ) Roadside tree placement

1.The placement of trees along roads and footpaths mustleave room
for the safe passage of traffic,including people,animals and vehicles.

This tree is too
close to the road.

O

{ | Atleast |
1.5m

Shoulder




805 Roadway visibility(1)

( 805) Roadway visibility

1.No trees or shrubs on the inside curve of
an embanked road construction.




806 Roadway visibility(2)

( 806 ) Roadway visibility( 2 )

1.No trees or shrubs on the inside curve of
cut-slopes around curves.

No trees or shrubs

~

Cutslopes around curves.




807 Roadway visibility(3)

( 807 ) Roadway visibility( 3)

Roadway Centre-Line

To establish the limits of tree planting on a typical
curve-layout ,measure sight distance required
from any pointon the road centre-ine to any other point

The build-up of all the lines will reveal the 'Envelope’
curve thatforms the limit within which trees and shrubs
can be safely planted.




808 Two rows of trees

( 808) Two rows of trees

Two rows of trees provide a shaded
and protected rightof way
and yield fuelwood and poles.

Y

Let's meet

under this tree
again tomorrow

Y

Shade is important for draught animals carrying or pulling loads or
for people walking,riding or cycling along a road,especially

under hotand dry climatic conditions.




809 Trees and shrubs around houses and in public places

ic places

( 809 ) Trees and shrubs around houses and in publ

Big trees and shrub provide shade
for a community meeting place.

Itis my pleasure
to meetyou

under this tree.
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810 Agroforestry in pastures and rangeland

( 810) Agroforestry in pastures and rangeland

1.The trees and shrubs produce fodder for livestock,
timber,fuel wood,fruitand to improve the soil.
2.Trees provide shade in the dry season.
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811 Nursery

W onderful
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1.Member of a community group
tends tree seedlings in a horticultural nursery.
2.Women plantand maintain trees for fuelfood
or other products in a home garden.
3.Women’'s group in some areas have combined
vegetable gardens with tree nurseries ata community site.

[ grow trees
for your own benefit




812 Improving fallows with trees(1)

( 812 ) Improving Fallows with Trees

( 1) The farmland is left for fallow.

9 L ¢

This is only
( 2) Trees and legume cover crops are planted to produce a suggestion.

dense cover.

( 3) Trees are growing,and natural vegetation also establishes itself.
Selective cutting for poles and fuel wood can take place.
The soil recovers,and the land is ready to be farmed again.

9199930080

( 4) Some Trees are harvested.
The land is cleaned and replanted
using alley—cropping system. Tree line

Several years after

Crop Alley Q Crop Alley Crop Alley
RigiRaRnanninuniERiitmiia.




813 Improving fallows with trees(2)

( 813)

( 1) Directseeding.

My dream is to make
the earth green.

My dream is to become
your wife.

Improving Fallows with Trees ( 2)

You are now
a forest engineer,

( 2) Cuttings and stumps ( 3) Deep holes

W\

-

d

From young trees

In drier areas planting holes of up to
1m deep can be useful on well drained soils.

A good woman is near.




814 Watering a home tree nursery

( 814) Watering a home tree nursery

= @%
SEES

Al ?f% [ make

mother happy




815 Trees in the field to be protected from animals

( 815 ) Trees in the field need to be protected from animals.

The young trees need to be protected from animals. @

W ait for a while
Young trees




816 How to become rich in Africa

( 816 ) How to become rich in africa

(2)

[ willanswer
1.Planttrees
2.Cultivate land
3.Dig a borehole or a well
4 .Build a pond

5.Build fill dam

6.Educate a child

7.Lead a healthy life
8.Have a good wife

9.W ork for your country
10.Have a dream
11.Don’tdepend on people.
12.Don'tdepend on the government

(1)

How to become
rich ?

(3)

Why are
you poor ?

( 4)

Only thinking
without action.




817 Destructive effect of erosion on agricultural land

( 817 ) Destructive effect of erosion on agricultural land

Planttrees

*#%g My field is destroyed completely.
%?@ W hat should I do ?
P
s




818 Deposition of soil caused by wind erosion

d erosion

IN

( 818 ) Deposition of soil caused by w

Soil




819 Water Erosion

( 819) Water Erosion

W ater Erosion

PN
%

0098 %
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820 Dust storm caused by the wind erosion (1)

( 820 ) Dust storm caused by the wind erosion

9

Don’t Cuttrees.
Plant Trees.

Wind

T
Rt s
Nfﬁ:&\ @ﬂ\m ﬁﬁﬁg\mﬁﬁ*
M M
M&M@M M@ @M Everything was
M Wﬁ&:ﬁg\ Vsl:;i:.houd be

done ?




821 Road damaged by stream erosion(1)

( 821 ) Road damaged by stream erosion
>

Don’t Cut trees.
Plant Trees on
mountain slopes.
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822 Bank Erosion(Storage water reservoir)(1)

( 822 ) Bank Erosion( Storage water reservoir ) @

. s
: Bank Erosion

[ will plant trees, 4

_- - CXENENEN

and will increase fish.

Storage water reservoir




823 Farmland depleted by water erosion(1)

( 823 ) Farmland depleted by water erosion

—_—
I

Farmland depleted by water erosion




824 Pastures gullied due to compaction caused by goat or cow trail(1)

( 824 ) Pastures gullied due to compaction caused by livestock

9,

After a group of goats walk,

_ grass roots will notremain,either.
Bald mountain




825 Roadbank erosion(1)

( 825) Roadbank erosion @

WhatshallI do ?

Planttrees and grass.
Install drainage systems.




826 Lower part of slope affected by selective sheet erosion(1)

( 826 ) Lower partofslope affected by selective sheeterosion ( 1)

////// Men cutthe trees.

Selective sheet erosion

Lower part of slope

Did I do
something bad ?




827 Lower part of slope affected by selective sheet erosion(2)

( 827 ) Lower partof slope affected by selective sheet erosion ( 2 )

> @
////// God does notforget
o o Plant trees

Sy ;
Small ba nN

Drainage
An effortis made.




828 Lower part of slope affected by selective sheet erosion(3)

( 828 ) Lower partofslope affected by selective sheet erosion ( 3)

Selective sheet erosion
Lower part of slope

3
: ,

/ . — Plant trees

h
"

Small banN

Drainage




829 Roadbank erosion(2)

( 829 ) Roadbank erosion ( 2) @

Planttrees and grass.

Install drainage systems.

[ >
L% \

e

[ am a civil engineer. Planttrees and grass.
'..

¢
=

v"

Drainage.




830 Roadbank erosion(3)

( 830) Roadbank erosion ( 3) @

Before W hat shall I do ?

Planttrees and grass.
Install drainage systems.
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After
l'am a civil engineer. Planttrees and grass.
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Drainage.




831 Pastures gullied by goat or cow trail(2)

( 831 ) Pastures gullied by goator cow trail ( 2 )

S

Livestock are
surrounded by a fence.

Freedom was lost
However,fortunately we can
contribute to man.




832 Pastures gullied by goat or cow trail(3)

( 832 ) Pastures gullied by goator cow traill 3 )

S

After a group of goats walk,

- grass roots will notremain,either.
Bald mountain

>
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Freedom was lost
However,fortunately we can
contribute to man.




833 Farmland depleted by water erosion(2)

( 833) Farmland depleted by water erosion( 2 )

FIY Drainage

¢ /
«@WW KR

Drainage is important
However,

You are the best
in the world.

Planttrees




834 Farmland depleted by water erosion(3)

( 834) Farmland depleted by water erosion( 3)

—
W

Ony o maned

<Drainage is important ;

-0

PEEPEEEEPOY

cellelelelelelekeletele

Planttrees




835 Bank Erosion(Storage water reservoir)(2)

( 835) Bank Erosion( Storage water reservoir) ( 2)

Stop Wind

Storage water reservoir




836 Bank Erosion(Storage water reservoir)(3)

( 836 ) Bank Erosion( Storage water reservoir) ( 3)

Stop Wind QQQQQQQQQQQQQQQ Y
. ( .‘

Storage water reservoir




837 Road damaged by stream erosion(2)

( 837) Road damaged by stream erosion ( 2)
> @

Build gabion.
Plant Trees
on the mountain.
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838 Road damaged by stream erosion(3)

_

( 838) Road damaged by stream erosion ( 3 )
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Build gabion.

Plant Trees on the mountain.

W onderful
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( 839 ) Duststorm caused by the wind erosion ( 2)




840 Dust storm caused by the wind erosion (3)

( 840 ) Duststorm caused by the wind erosion ( 3)

9

Don't Cuttrees.
Plant Trees.

Don’t Cut trees.
Plant Trees. Plant Trees.
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841 Water Erosion(2)

( 841) WaterErosion( 2)

Plant Trees
Prevent erosion
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842 Water Erosion(3)

( 842 ) WaterErosion( 3)

/1))

Plant Trees.




843 Deposition of soil wind erosion(2)

( 843 ) Deposition of soil by wind erosion ( 2 )

Wind
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A beautiful field R




844 Deposition of soil wind erosion(3)

( 844 ) Deposition of soil by wind erosion ( 3)
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845 Field affected by Rill erosion(1)

( 845 ) Field affected by rill erosion( 1)

Providing is preventing.

Rill erosion A




846 Field affected by Rill erosion(2)

( 846 ) Field affected by rill erosion( 2 )
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W onderful field




847 Field affected by Rill erosion(3)

( 847 ) Field affected by rill erosion( 3)

Providing is preventing.
to

Whatshould be eaten ?

Rill erosion

Plant trees.
Install drainages
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848 Gully erosion (1)

will answer.
1.Excessive drinking of alcohol.
2.Itdabbled in other woman.

( 848 ) Gully erosion( 1)

Rill erosion
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Why was the past
civilization ruined ?

3.The politician has forgotten the country.

4. The farmer has forgotten agriculture.
5.People have forgotten their country.

6.People have lostthe dream.
7.Land wentto ruin after cutting trees.
8.Water was exhausted after cutting trees

9.People have forgotten to fight
10.People have forgotten to educate their children

Gully erosion
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849 Gully erosion (2)

( 849) Gully erosion( 2 )
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850 Gully erosion (3)
( 850) Gully erosion( 3 )

Rill erosion ‘
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851 Stream bank erosion(1)

( 851) Stream bank erosion( 1 )
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852 Stream bank erosion(2)

( 852 ) Stream bank erosion( 2 ) Plant trees
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853 Stream bank erosion(3)
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854 Impact of raindrops on soil (1)

( 854 ) Impactofraindrops on soil ( 1)
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855 Impact of raindrops on soil (2)

( 855) Impactofraindrops on soil ( 2)
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856 Impact of

raindrops on soil(3)
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( 856 ) Impactof raindrops on soil ( 3)
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857 Comparison between bared land and land covered with plants(1)

( 857) Comparison between bare land and Land covered with plants( 1)

Q~°Raindrops

o
o 20 o°°- Soilparticles
"0 0 .
%0 O Erosion

XTI R g
D S 8 Ko MR AR PR T3 KR TR TR
SRS Naked land S
RSP SGRSRGE G900

G e A o B P e e e S S o

Lo

%5 ¥
’g‘*}{ ¥ Land covered
o

9% l;%a S
S A A R o 00, S
AR RIRE S RBPRSEIAGHRER 4658 wiith plants

W ater erosion Much Litte

Wind erosion Much Little

Underground water level Low High

Fertile land Poor Rich

Infiltration Litte Much

Earthworms Little Plenty

Land suitable for agriculture None Suitable

Evaporation Much Little

Desertification Much Litte

Runoff Much Litte




858 Comparison between bared land and land covered with plants(2)

( 858 ) Comparison between bare land and Land covered with plants( 2 )
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W ater erosion Much
Wind erosion Much
Underground water level Low
Fertile land Less
Infiltration Little
Earthworms Little
Land suitable for agriculture Non
Evaporation Much
Desertification Much
Runoff Much




859 Comparison between bared land and land covered with plants(3)

( 859 ) Comparison between bare land and Land covered with plants( 3)

59
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W ater erosion Litte
Wind erosion Little
Underground water level High
Fertile land Plenty
Infiltration Much
Earthworms Plenty
Land suitable for agriculture Suitable
Evaporation Little
Desertification Little
Runoff Little
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( 860) Area and location of agricultural plots ( 1)

Permanent C tat Vesetabl ,
Forest pastures rop rotation egetables Field
Fodder Orchard
Water divide Slope Valley Slope Upland

( Terraces
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( 861 ) Area and location of agricultural plots ( 2 )

Permanent

Forest p‘aStures Crop rotation Vegetables Field
Fodder Orchard |

W ater divide Slope / Valley Slone Dorand
( Terraces!')

Grass strips with channels
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( 862 ) Area and location of agricultural plots ( 3 )

Permanent ,
Crop rotation Vegetables Field
Forest pastures

| ‘
Fodder Orchard

Water divide Slope / Valley Slope Upland
( Terraces!)

>
////// RainJ ///C/?/ Rain

~N_ = "V'VV -
v"”'&«r‘v :
A R
XX L XX 208

95805
95900559,
Channel with an infiltration belt LXK

D
Cultivated broad-base terraces
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( 863 ) Area protected by a ditch

Sometimes
Man is wise.
ButWhy does he war ?

Small bank
Y

Permanent c tati Vv tabl ,
Forest p‘astures rop rotation cee es Field
Fodder Orchard
Water divide Slope Valley Slope Upland
( Terraces')
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( 864 ) Diversion ditch

W ater divide Slope Valley Slope Upland

( Terraces!)




865 Ridges and terrace benches

( 865 ) Ridges and terrace benches @

W hich place is
suitable ?

W ater divide Slope Valley Slope Upland

( Terraces')
// // Ridges ////

X
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( 866 ) Stone wall terraces
Which place is
suitable ?

W

Water divide Slope Valley Slope Upland

— ( Terraces)
/111

Terrace benches

?%}??Qy.; .
SRR e, T
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( 867 ) Check dams

S

W hy are they
important ?

Check dams

W ater divide Slope Valley Slope Upland

( Terraces!')




868 Diversion ditch(2)

( 868 ) Diversion ditch( 2)

Rain All rain water
is used up.

Water divide Slope Valley Slope Upland
( Terraces')




869 Conservation Water-Control Structures(1)

Elevation( m)

( 869 ) Conservation WaterControl Structures( 1 )

@ In order to secure stream bed stability.

Chute spillway
Where does
erosion take place ? \

Drop inlet

\

New gully bottom

/

Drop spillway

™

Original gully bottom

Distance( m)
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( 870) Conservation Water-Control Structures( 2 )

@ In order to secure stream bed stability.
W here is Chute spj

suitable place ?

Elevation( m )

Orig\lnal gully bottom

Distance( m)

Check Dam Cross structure Boulder Chute Concrete Chute

Compound wall
% w




871 Lining with stone walls on stream

( 871 ) Lining with stone walls on stream

W ater divide

Slope

Valley

Slope

Upland

( Terraces)




872 Vegetation lining of a stream

( 872 ) Vegetation Lining of a stream

Vegetation Lining of a stream

Ll A
[\

) _1
QQ /
Yx’l”&q'/i[ (

X

W ater divide Slope Valley Slope Upland

( Terraces)
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( 873 ) Conservation Water-Control Structures( 3 )

In order to secure stream bed stability.
: . Chute spillivay
Whatis the purpose
of a drop spillway ? \

Drop inlet

New gully b

Elevation( m )

Orig\mal gully bottom

Distance( m)

Toe wall: Cutwall
Drop spillway
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( 874 ) Conservation Water-Control Structures( 4 )

In order to secure stream bed stability.

Whatis the purpose
of a Pipe-spillway ?
Drop inlet

New gully bo

Chute spj y

Elevation( m)

Drop spillway \
~ Original gully bottom

Distance( m)

Fill
Inlet

Drop inlet,Pipe-spillway
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( 875) Conservation Water-Control Structures( 5 )

In order to secure stream bed stability.

@ Chute spj y
N\

Whatis the purpose
of a chute ?

Drop inlet

New gully bo

Elevation( m )

Drop spillway \
™~ Original gully bottom

Distance( m)

Box type inlet

Outlet p
S RERRRERc e Box inletand chute structure
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Elevation( m)

( 876 ) Conservation WaterControl Structures( 6 )

In order to secure stream bed stability.

)

Whatis the purpose
of These structures?

Drop spillway \
~ Original gully bott

Distance( m)

Cutwall
Drop spillway

Fill

Inlet

Pipe-Spillway

Box type inlet

Outlet

Box inletand chute structure




877 Ground water

( 877) Groundwater

‘Intak‘e area Artesian flow area

Pumped artesian well
— ~/

1 Groundwater table Flowing well

— — —Im pervioﬂs stratum

— — Impervidus stratum
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( 878 ) Cross section of a typical gravity well

Intak‘e area Artesian flow area

Pumped artesian well
s t— Pump shaft

4 Casing
& Pump lift pipe

Packer Grouted after placing gravel

. Screen

= W‘ - Gravel Envelope

— Aquifer ]
- _ : B Pump bowls
— W aterbearing formation

Intake strainer

~————1Impervious stratum
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( 879 ) Cross section of a typical gravity well

|Intake area Artesian flow area
= Pumped artesian well e Ground surface
e -+ Pump shaft
H Groundwater table Flowing well P
= T I —Casing
T Pump liftpipe g v Static well Table
— y Packer Grouted after placing gravel 5 fdb . ) )
3 % H H o € ot depression <— W ater table while pumping
— —— -~ Screen = E = Drawdown curve
— J w% = Aquifer I Gravel Envelope QZ a
B Pump bowls
—— W aterbearing formation ﬁ
— i Intake strainer 8 W ater-bearing formatio

=——=Impervious stratum% —

mpervious stratum
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880 ) Several types of rock interstices and the relationship of porosity

|Intake area Artesian flow area

( a) Well sorted sedimentary deposit having high porosity.

Pumped artesian well
= e

H Groundwater table Flowing well

.

( b) poorly sorted sedimentary deposit having low porosity.

QZ’( 4;/% %
?;4\» @, ‘!‘In ;
i
) *‘%’ ’,’ X
O BA Rk

— m ious stratum =

%f

—
5
W ater-bearing formation @ O @ ( ¢) well sorted sedimentary deposit with pebbles which
— O O are porous so thatthe depositas a whole has a very

———— D O >, high porosity.

~———Impervious stratum

( e) Rock rendered porous by solution.

( d) Well sorted sedimentary deposit whose porosity
has been diminished by the deposition of mineral
matter in the interstices.

( f) Rock rendered porous by fracturing.

Z
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( 881) Weir

oSS

I
%5 s
e

We will make weirs
on small stream,and
We will lead water into fields.
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W ater divide Slope Valley Slope Upland

( Terraces!)




882 Reservoirs(1)

( 882 ) Reservoirs

Settled heightelevation Spillway

God never forgets you.

Freeboard
N.W.L

Storage depth

W e will build a reservoir
and will lead water into the field.

3

!

Bottom core

trench—— 4
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( 883 ) Reservoirs( 2)

Settled height

V]

WEAKEDRA |

God bless you.

-elevation
Storage depth

\

A farm reservoir is a multiple-use.

1.Store water for irrigation.

2.Livestock,spraying.

3.Fish production.

4.Fire protection.

5.A reservoir is the same as ponds,
lakes,and tanks.

IRIRIR
1001

We will build a dam
and will direct water into the field.

Bottom core trench—— &

6.W ater is suitable for domestic use
with the proper filtering and purification equipment
7.W ater is mostly used for livestock.
8.Reservoirs are for constructing a dam in a natural
ravine to form an on-stream reservoir.
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( 884 ) Reservoirs( Site Selection) ( 3)

Settled height

God bless you.

W e will build
a small fill dam.@

—-elevation

Site Selection
1.Storage capacity is the mostimportant
Topography of the pond site.
1.W ater depth:atleast2.5m" 3.0m.
2.The dam center line perpendicular
to the contour lines.
3.Fill material is obtained from the inundated area.

Bottom core trench——

4.Channel slope above the dam ( 478% ) .
5.Narrow channels will give a small surface and volume.
6.Flat,wide channels produce a large surface area and volume.
7.Reduce wave damage( Do not strike directly

againstthe upstream face )
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( 885) Reservoirs( Soil and Underlying Strata ) ( 4)

T At bbb
T

“-.Freeboard "

Settled height
-elevation

O

God bless you.

Seepage is

a problem.

Soil and Underlying Strata
1.Foundation material under the dam

and under the water surface should

be impermeable.
2.Suitable fill should be

available near the dam.
3.Fill soil no more than

20 % gravel,20% to 50% sand,

less than 30% siltand 15% to 25% clay.
4.Surface soil can be easily removed.

5.Deep peat,sand,gravel,or marl should be
avoided as foundation material.

6.Horizontal strata of sand and gravel or
fractured rock at shallow depth may
resultin high seepage losses.

7.Soil conditions prior to construction
mustbe carefully evaluated .

Fill soil

8.Because control of seepage

after construction is much more diificult

%
2
5% R s D3 X 25 X X X XN
5% R e e e s Aol A S S )
TN y R R R S A S ISR e e A
A, Pl . e o S S S A R AR IEIK S e e s 0 7 as L h
S e B g n NS O A S SIS G S S S S AN
S ITIBES permeabple OUN A AU N G S S S S oS
N 4y G S B A S S S A
RS S S5 B S S R ISR
e A o e
A e G L A S A S A

20% Clay

30% Silt

30%
20%

Sand

Gravel
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( 886 ) Reservoirs( Flood Spillway Location) ( 5)

God bless you.

Settled height

i Fr
—elevation

eeboard -

T |
]

‘Storage depth

&
%%
L5555
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2 (5555
455555
K555
S5 W rs o r -
2 i) s R sy AN T
SR 5 . S S S s i it
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R i e st e L e e e s e
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Flood Spillway Location

1.The most economical spillway is a grassed waterway

around the end of the dam or across an adjacentridge

) Spillway is
and into another natural channel.

. _ important
2.Steep slopes along waterway should be avoided, where possible,
to reduce the danger of erosion.

3.Concrete or permanent structures in the dam for carrying flood
flows are normally notrecommended because they are too costly.

Spillway
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( 887 ) Reservoirs( Location of Water Use ) ( 6)

God bless you.

W e can drink

more water every day.

Spillway

e

Freeboard |

7

K553

Settled height />
—elevation

R S R R IRTTRR: %
S A S R TR
7 % R S S
. e 00 %%
S S SIS ESSES S
s R s LA 00 0550
s permeapnle OUNAAUON ZEssss55855855855855
XSRS R R R R IR PR IER PRI IR
R A RS SAEE S SLS
55 O A 0 e 00!
S SS s Ao ISIESIISES,
LB R S RIS,

Location of Water Use

1.The site should be as near to point of use as possible.

2.Forlivestock in a pasture,a number of sites may be available.

3.Butfor recreation or aesthetic uses,the number of choices may
be more limited.

GGGl
A
SRS
RSN
SRS
RIHRSIGISE I,

More livestock

can be raised.
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( 888 ) Reservoirs( Watershed Area ) ( 7)

God bless you.

D D@ D WDE Spillway
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W atershed Area

1.Small dams produce rapid sedimentation in the pond and create

the flood spillway atthe dam.

N

blem
2.Grass cover around the pond will greatly reduce

an erosion pro

7]
o
(O]
il
+J
c
®
0

sedimentinflow.
3.Locations near farm buildings are desirable for fire protection.

4. The pollution hazard may be diverted away from the pond.

5.Water from barnyards and other sources of pollution

should be diverted away from the pond.
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( 889 ) Reservoirs( Earth Dam Design) ( 8) B,

God bless you.

Flood Spillway
i

Settled height
—elevation

o+

5

X

R

R SRR
R
RS
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I

s [=Awn=Freeboard i

X
I
SIS

IR
R

Bottom Core

> .
R R R R B LA R R X R AR
4 R S ISR, st )
% T A s LA s S S S A S
c > SRS S BSs S SRS ¢ SRS S
&% S S e s !
% S B SIS R S S5
KOS R S R S R S R N S RS X S R XX IR K B R S R R R S R RS IR IIAN
0% R A R RS R S X S R A SRR O S RS R RS XSRS HREHN
5555 S R S A S S SIS KA
G55 S R A S
5555 e A B L 0 0 G A e A
renc GG G A A A G A G A S AR NIILTIRL
SRS SR A e A A e A et A et e e e
RS LRI st

Earth Dam Design Core Trench
1.The design of the dam should be based on the most economical use.
2.The mostcommon type is a homogeneous

dam with a core extending down to an impervious stratum.

3.Borings atthe dam site should be taken atleast 1.0m below
the lowestlevel in the reservoir.

Homogeneous

Good fill material

is limited.

4.Soil or geological conditions indicate possible seepage or foundation hazards.
5.The height of the dam is determined from estimated storage

requirements plus an allowance for flood storage and freeboard.
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( 890) Reservoirs( Flood Storage Depth) ( 9)

God bless you.

Flood Spillway
255500000000000009208

Elevation

+ 4
e

-Freeboard '

Settled heighti 7
000! N.W.L
7% Jr+++*+++*+++;++++*++ . .

-elevation

IS
RS IR
3R

o)
5258
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555
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R0 50507556 7 Bt 0 00 o0 Ut o0 e et o0 o 0o %05 %9 %95 % 7 St o e o e ot oy 0 e 0 0 % 0
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Core Trench

Homogeneous

Flood storage Depth

1.This storage is provided so thatthe flood spillway does nothave to carry o
the runoff from small storms. Ffth.e design is good,

2.25 year return period peak runoff rate from the watershed. it will last long.

3.Flood storage Depth ( 15¢m” 90cm )
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( 891 ) Reservoirs( Freeboard) ( 10)

God bless you.

2350020000000 D 02000 TS
Spillway %

Elevation
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Core Trench Homogeneous

Freeboard
1.Freeboard is 60cm.
2.A remaining height for wave action.

If the construction is good,
it will lastlong.
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892 ) Reservoirs( Side Slopes 11

God bless you.

Settled height
-elevation

7

Bottom Core

A o s sy o oo .
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Core Trench

Homogeneous

Side Slopes

1.For dams less than 15m in height with average soil.

2.The side slopes should be not steeper than 3( horizontal ) :1( Vertical )

A small dam is built
and water is collected.

Flood Spillway
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( 893) Reservoirs( Top width) ( 12

ettled height 72 =
r“" M +
%

-elevation

Bottom Core

Trench

God bless you.

pillway
Elevaton =74

3.0m /O
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Top width Core Trench
1.The minimum top width for dams up to 3.0m
in height should be about2.4m.

2.The width should be increased by about 15cm for each additional
metre of dam height

Homogeneous

A small dam is built
and water is collected.

Flood Spillway
POODDORERREROICID s/
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( 894) Reservoirs( setdementallowance ) ( 13) @,
God bless you.

Settled height
-elevation

4
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Core Trench Homogeneous

Setlement allowance
1.Earth fills compacted in thin layers at optimum moisture content. Soil condition

2.An allowance of 5% to 10% of the settled height should be added
Maximum dry density

to the top of the fill during construction. g
3.The top of the dam just after construction will have a slight crown Compaction control ™~

is important

on either end.

Optimum moisture content
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( 895) Reservoirs( Seepage Control) ( 14)

Quality control

6 is important
God bless you. ﬁ

D000 Flood Spilway @ 4%%
A— 20 30cm Compaction

Y'Spillway
Elevation

,,,,,,,,,,,,,,,,, Soil condition

et '

Settled height Flood Storage Freeboard

. Maximum dry density
-elevation s depth
eepag ~
Bottom Core Impermeable Layer
Trench
Core Trench Homogeneous
Best fill material Good soil material Top soil,sand or gravel o

Seepage Control strata are removed
1.Seepage control can bestbe achieved by proper design and construction. ' Optimum moisture content

2.Seepage may occur through the dam or when pond area is underlain by rock,sand,and gravel strata or solution channels.
3.The core trench should extend down to an impermeable layer.

4.The core trench should have a minimum width of 2.4 m and side slopes 1:1 .

5.The topsoil or other permeable material under the dam should be removed.

6.Maximum density of the fill should be obtained by compaction atthe optimum moisture content

7.Free water cannotbe squeezed.

8.Soil should be carefully compacted.

9.The core of good material should be as wide as possible.

10.The nextbestfill material should be placed upstream in the face of the dam and the poorestin the downstream section.
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(15

Quality control 4. The fill material should be
@ is important. placed in 10cm to 20cm layers .
God bless you. ﬁ 5.The sheepsfootroller.
8.Slope ( 1:2
noD0  Flood Spillway @)@jﬁ
Grass ~ / \

— 10720 Compaction
‘;ASinIIway
Elevat

( 896 ) Reservoirs( Construction and Maintenance

by Motor tamper. Soil condition

T T

Settled height Flood Storage™Freeboard

-elevation Seepag depth Maxmt{dry density
1.All trees ,stumps,and
Bottom Core shrubs should be removed.

Impermeable Layer [
Trench P &

RO e TINROTIKEL, SRAVSIAIGIAAE,
R ARG o™ S

should be removed .

Core Trench Homogeneous
Best fill material Good soil material Top soil,sand or gravel

strata are removed. . .
Optimum moisture content

Construction and Maintenance

1.All trees ,stumps,and shrubs should be removed from dam site and from area to be inundated.

2.Sod and topsoil should be removed and stockpiled.

3.Before placement of fill in the dam,existing soil should be ploughed and be near optimum moisture content
4.The fill material should be placed in 10cm to 20cm layers evenly,over the entire dam.

5.The sheepsfootrolleris best suited for compacting the fill.

6.Heavy hauling equipment should use varied travel paths so as to avoid over compaction.

7.Hand-operated pneumatic or motor tampers are best for compaction around pipes.

8.Along the shore line,exceptatthe dam,the slope should be increased to 2:1 to a minimum depth of 1.20m.




897 Contour farming

( 897) Reservoirs( Construction and Maintenance ) ( 16)

11.Sedimentation can be reduced by protecting Maintenance 4.The fill 'material should be
waterways with grass and by establishing adequate O is important placed in 10cm to 20cm layers .

erosion control practices on watershed.
God bless you. 5.The sheepsfootroller.
8.Slope ( 1:2

9.Slopes should be covered

with about 15¢m of top soil.
Grass

14.Trees should notbe allowed
to grow near the dam.

Flood Spillway

R
< < (‘fv~ S AVAVAVA. Y
1020 Compaction s”'&‘;""}
2 P NSRS

J R s by Motor tamper. Soil condition
Settled height Flood Storage Freeboard . .
—elevation Seepag depth Mz X'””ery density
1.All trees ,stumps,and
Bottom Core oS KETIATR RENRETIX RIS hrubs should b d
I le L S oY WSR050557  shrubs should be removed.
Trench mpormeable LAy e R ISR IR o topsoil
Core Trench Homogeneous should be removed .
Best fill material Good soil material Top soil,sand or gravel

strata are removed. . .
Optimum moisture content

Construction and Maintenance
9.Slopes and other areas above the water line where the subsoil has been exposed should be covered with about 15¢cm of top soil,fertilized,and seeded with a suitable grass.
10.The entire pond area should be fenced to preventdamage to the dam,spillways,and dams.
11.Sedimentation can be reduced by protecting waterways with grass and by establishing adequate erosion control practices on watershed.
12.The pond should be inspected for evidence of seepage on the downstream face of the dam,piping,wave action,and damage by animals or humans.
13.Weed growth in the pond can be controlled with suitable chemicals.
14.Trees should notbe allowed to grow near the dam.




898 Small Fill Dam on A Swamp(Dambo) (1)

( 898) SmallFillDam On A Swamp( Dambo ) ( 1)

Before
Y Swamp( Dambo)
Mo—
No W ater.
After

Dry Season.
Much W ater.

GORLTIRIS
ORI L LI
f?ﬁ%’%‘%&
R XR LXK
0095050550550
i

SEREK 1.0m"~3.0m

PR lins095%9, SRR

@% @% S R0
( XX

755 .

Small FillDam On A Swamp( Dambo )




899 Small Fill Dam on A Swamp(Dambo) (2)

( 899) Small FillDam On A Swamp( Dambo) ( 2)

Before

A
Mo— Swamp( Dambo)
@X No W ater.

Dry Season.

: —, (&

S 1 l@‘
) 9

=75
.g.g.g,g.g.g.g.go:o

& '&
N ,g;%
Splllway x:»a..

Helght( 1.0m"3.0m) "’o.,".
T @ Dy eed
) 4

Small Fill Dam On A Swamp( Dambo )




900 Small Fill Dam on A Swamp(Dambo) (3)

Irrigation channel

( 900) SmallFillDam On A Swamp( Dambo) ( 3)

Itis the favour
of your efforts.

Spillway

@

Long time ago.
We had a drought
every year.

Now,Even in dry season,
We have harvest




901 Small Fill Dam on A Stream (1)

( 901) SmallFillDam On A Stream(

Dry season.
We have no water.

_£7

e
<
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A
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902 Small Fill Dam on A Stream (2)

( 902 ) SmallFillDam On A Stream( 2 )

There is no morning
@ without night
— Q
N

W e can drink
water every day.

Even in the dry season,
W e have much water.




903 Small Fill Dam on A Stream (3)

( 903) SmallFillDam On A Stream( 3 )

Before

Dry season.

After

We can drink
water every day.

Even in the dry season,
We have much water.

::""a
G

ARKES
o R

.
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Small Fill Dam




904 Small Fill Dam on A Hill (1)

( 904) SmallFillDam On AHill( 1)

i

Although W e have much rain
in the rainy season,there is
no water in the dry season.




905 Small Fill Dam on A Hill (2)

( 905) Small FillDam On AHill( 2 )

We will build a small fill dam
and will make the ground green.

Even in the dry season,
We have much water.

o e TS ) ) N
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906 Small Fill Dam on A Hill (3)

( 906) SmallFillDam On AHill( 3 )

>

i

Before

Although W e have much rain
in the rainy season,there is
no water in the dry season.

M &

After @ We will build small fill dam

and will make the ground green.

Even in the dry season
We have much water.




907 Small Fill Dam on Valley (1)

( 907 ) SmallFillDam In The Valley ( 1 )

Although we have much rain
in the rainy season,there is
no water during the dry season

Itrains,water flows
but does not collect

7
Why does not
water collect ? &
s
105!
/”
G558
AA‘




908 Small Fill Dam on Valley (2)

( 908) SmallFillDam In The Valley ( 2 )
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a wonderful thing.




909 Small Fill Dam on Valley (3)

( 909) SmallFillDam On Valley ( 3 )

Although we have much rain
in the rainy season,there is
no water during the dry season

>
Before / /

Itrains,water flows
but does not collect

Why does not
water collect ?

After

Even in time of drought,
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a wonderful thing.




910 Use of an 'underground ' dam(1)

( 910 ) Use ofan 'underground’ dam ( 1 )

Itrains,water flows
but does not collect

Deep-rooted
plants survive

Shallow rooted
crops fail

Although W e have much rain

during the rainy season,there is
no water during the dry season.




911 Use of an 'underground ' dam(2)

( 911 ) Use of an 'underground dam ( 2 )

'Underground -dam’
( Constructed in a trench)
or a plastic sheetto
retain ground water.

Shallow rooted
crops flourish

W e can drink water
even in the
dry season.

W ater table Ground water retained
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913 Water Lifting(1)

( 913 ) Water Lifting ( 1 )

Man

\ T o~ Dad works hard
%@@@@ ggg @D
W2W2 ey

Shallow well i\?&

or canal




914 Water Lifting(2)

( 914 ) Water Liftng ( 2 )

Counter weight

We like drawing
water every day.




915 Water Lifting(3)

( 915) Water Lifting ( 3 )

Papa,Let's stop water
lifting and prepare lunch.

ﬁ
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- To crops
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916 Water Lifting(4)

( 916 ) Water Lifting ( 4 )

The flow of water is managed.

f

To crops

YXXTTRRIIN




917 Water Lifting(5)

( 917 ) Water Lifting ( 5 )

Drawing water
is my hobby.




918 Pitcher irrigation (1)

( 918) Pitcherirrigation( 1 )

32 Crops %2
N

) pitcher

gourds A@Q
Crops
bamboo | op 7 Sp roP
1.Pitcher irrigation is simple,effective,and cheap,reducing water waste, pltg;r \@/
suitable for free-drainage soils,unlikely to promote water—related o ¥\ ﬂ@

human diseases( malaria and schistosomiasis ) . %Q %Q
2.Material:gourds or bamboo with small holes which are sunk into the soil. A@Q




919 Pitcher irrigation (2)

( 919 ) Pitcherirrigation ( 2 )

=

%Q A@Q Crops
pitcher = 7 yd W ater is used
A@Q// @Aﬁ@ carefully.

PR /)

gourds

1.Pitcher irrigation is simple,effective,and cheap,reducing water waste,
suitable for freedrainage soils,unlikely to promote waterrelated
human diseases( malaria and schistosomiasis ) .

2.Material:gourds or bamboo with small holes which are sunk into the soil.




920Pitcher irrigation (3)

( 920 ) Pitcherirrigation ( 3 )

32 Crops 32
N
r

‘. pitcher

p

ﬁ@ A@Q Crops
pitcher ™ 7 yd W ater is used
ABQ//@A%Q carefully.
/

X 4 "

bamboo

1.Pitcher irrigation is simple,effective,and cheap,reducing water waste,
suitable for free-drainage soils,unlikely to promote waterrelated
human diseases( malaria and schistosomiasis ) .

2.Material:gourds or bamboo with small holes which are sunk into the soil.




921 Microcatchments (Roaded-type microcatchment)(1)

( 921 ) Microcatchments ( Roaded-type microcatchment) ( 1 )

v

Collecting rain water
revives the soil.

Roaded-type microcatchment




ily constructed on sloping terrain with a hoe (2)

( 922 ) Microcatchments easily constructed on sloping terrain with a hoe ( 2 )

Compacted earthen A Topographic

catchment kept free slope We collect Wa'tep:

of weeds % and become rich,
v

i

Earth banks
15720 cm high

Planting plotthoed

W ell.composted,hoed and mulched
and mulched

B planting plotatlowest point
( 40cm to 1.5m deep) .
( Mulched after receipt of water)




923 Microcatchments easily constructed on sloping terrain with a hoe (3)

( 923 ) Microcatchments easily constructed on sloping terrain with a hoe ( 3)

We collect water
and become rich.

Planting plot at Microcatchment
lowest point graded to channel

runoff and to planting plot

Plan Cross—section




924 How to find underground water

( 925) How to find underground water

Acacia,Baobab Quartz The colour of the Fault
and Fig Tree Sandstone ground is changed

—

Former villages
g Valley bottom Near River Near Dam,pond,and swamp




(925) How to find underground water

( 925) How to find underground water

~ A

Acacia,Baobab Quartz The colour of the Fault
and Fig Tree Sandstone ground is changed

—

Former villages
8 Valley bottom Near River Near Dam,pond,and swamp




926 Groundwater Recharge and Flow(2)

( 926 ) Groundwater Recharge and Flow( 2)

The amount of water

Runoff Infiltration
Steep Slope much little
Gentle Slope little much
Heavy Rain much little
Dense Vegetation little
Sparse Vegetation much
Clay much little
Sand much
Gravel much
loose soll much
Fractured bedrock much

gEvaporation
from leaves

unoff Evaporation
\)from ground

N
SRS
4595495595579\

//////




927 The subsurface distribution of ground water(1)

( 927 ) The subsurface distribution of ground water ( 1)

>
/11

Evaporation
from leaves

Evaporation
from ground

Ground surface

B R 2o SRS IR TR ET T2
R S S S 50,
e %0 %1505 05

Zone of aeration —

W ater table

Zone of saturation —

Soil.mineral,or
rock material

Water
Pore spaces




928 Water-table(1)

( 928) Watertable( 1)

W atertable

’ A
' o \
/ W ater—tabl
,v«’/
£

Ground water
flow

Discharge in valley




929 Water-table(2)

( 929) Watertable( 2)
>
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930 Water-table(3)

( 930) Watertable( 3)
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931 Fault (1)

( 931) Fault( 1)

Recharge areas at
outcrops of aquifer

Impermeable rock
( aquicludes )
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932 Water tank tower

( 932 ) Water tank tower

A pig can not
climb a tree.

W ater tank tower

W ater pressure

25

L5555
ALXRETARES / D

W ater flow




(933) Small fill dam (1)

( 933) Smallfilldam( 1)

Before Construction

\
/ \ Drought

Under Construction

Spill-Way

After Construction

e o e e
B et et et sty ot
SRR s ¢
Small fill dam . ~
Height2 3m

Much water




934 Small fill dam (2)

( 934) SmallFillDam ( 2)

Farm Reservoirs

1.Store W ater for Irrigation,Livestock,
Spray,Fish Production,

Recreation,and Fire Protection.

Height2 3m Much water




935 Small fill dam (3)

( 935) Smallfilldam( 3)
Site Selection

Topography of the pond site.
1.Storage Capacity.
2. The water depth atleast, 2.4m” 3.0m.
3.The dam centre line perpendicular to the contour lines.
4 Fill material obtained from the inundated area
to give the desired depth of water.
5.Channel slope above the dam should range from 4% to 8% steep.
6.Narrow channels will give a Small surface area and volume.
71.Flatand wide channels which produce shallow depths can be eliminated by
steeping the side slopes along the water line or by excavation.
8.0n large ponds,wave damage can be reduced by placing the dam

Before Constructi e . . . .
elore onsiruction so that prevailing winds do not strike directly againstthe upstream face.

4.Fill material obtained from
the inundated area to give

the desired depth of water. 5.Channel slope above the dam

Q% L JW N\ wind should range from 4% to 8% steep.

Small fill dam

After Construction 3.The daml centre line .
/ perpendicular to the contour lines.

2.Height atleast2.4m™ 3m 1.Storage Capacity.
8.0n large ponds,wave damage can be reduced
by placing the dam so that prevailing winds
do not strike directly againstthe upstream face.




936 Small fill dam (4)

( 936 ) Smallfilldam( 4)

Site Selection

Soil and underlying strata.
1.Foundation material under the dam and under the water surface should be impermeable.

2.Suitable soil should be available near the dam.
3.Fill soil should generally have no more than 20% gravel to 50% sand,less than 30% silt15% to 25% clay.

4.Surface soil can easily be removed.

Gravel” Sand?
50% ~20% )3

:

OO0

5.Deep peat,sand,gravel,or marl should be avoided as foundation material.
6.Horizontal strata of sand and gravel or fractured rock at shallow depth may resultin high seepage losses. _Silt ( 30% )
7.Soil conditions prior to construction mustbe carefully evaluated.

| Clay ( 20% )__|

8.Control of seepage after construction is much more difficult

7.Soil conditions prior to construction
mustbe carefully evaluated.

8.Control of seepage after construction
is much more difficult

Y N —

/ \ 1.Foundation material under the dam \ 2.Suitable soil should be

and under the water surface 4.Surface soil can available near the dam.

95.Deep peat,sand,gravel,or marl should be should be impermeable. easily be removed.
avoided as foundation material.

Small fill dam

5.Deep peat,sand,gravel,or marl
should be avoided as foundation material.
6.Horizontal strata of sand and gravel or
fractured rock at shallow depth may
resultin high seepage losses.




937 Small fill dam(5)

( 937 ) Smallfilldam( 5)

Site Selection

W atershed Area.

1. Well-sodded grass waterways and grass cover around the pond
will greatly reduce sedimentin flow.

2.W ater from barnyards and other sources of pollution should be
diverted away from the pond.

The sun
rises again.




938 Small fill dam(6)

( 938) Smallfilldam( 6 )

Site Selection

Flood spillway location.

1. The mosteconomical spillway is a grassed waterway around the
end of the dam or across an adjacentridge and into another
natural channel.

2.Steep slopes along the waterway should be avoided where possible,
to reduce the danger of erosion.

The sun
O rises again.

Small fill dam

Flood spillway




939 Small fill dam(7)

( 939) Smallfill dam( 7)

W ater-storage requirements
1.The storage capacity of a pond will depend on the water needs,
evaporation from the water surface,seepage into the soil or through the dam,

storage allowed for sedimentation.
2.Atleast 1.0m of depth is needed for fish to survive .
3.Water needs for domestic uses,livestock,spraying,irrigation,

and fire protection .
4 .Evaporation can be reduced by selecting a site having small surface

area and deep depth.
5.Seepage losses depend on the soil and construction techniques.

Small fill dam




940 Small fill dam(8)

( 940) Smallfill dam( 8)

Earth Dam Design
1.The mostcommon type is a homo—geneous dam.
2.A core extends down to an impervious stratum.
3.Good fill material is placed in the core or center section dam.
4.Borings atthe dam site should be taken atleast1.0m below
the lowestlevel in the reservoir.
5.Soil or geological conditions indicate possible seepage or foundation hazards.
6.The height of the dam is determined from estimated storage require—
ments plus an allowance for flood storage and freeboard.

N.W.L

We will build a small

fill dam in the Swamp or brook.

Flood spillway

Small fill dam

Flood storage depth

2.Core-impervious stratum.
3.Core—good material.

/ N

4 Borings( atleast1.0m ) .




941 Small fill dam(9)

( 941) Smallfill dam( 9) @

W e will build a small

fill dam in the Swamp or brook.

Earth Dam Design
Freeboard

1.The bottom of the flood spillway to top of the dam.
2.A depth of flow in the freeboard of 0.3m.
Allowance of 0.15m. Atleast0.45m. \7

Flood spillway

N.W.L |

s‘;\\ Normal W ater Level X

Small fill dam < &

Flood storage depth Flood spillway




942 Small fill dam(10)

( 942 ) Smallfill dam( 10)

God bless you'! :

IfI will plant 1,000 trees by the time I die,
a small fill dam can be built
W hat a fortune!

Earth Dam Design

Side Slopes

1.The side slopes should notbe steeper than 3:1( horizontal to vertical )
on the upstream face and 2:1 on the downstream side.

Flood spillway

N.W.L

>
XA
LIS

< 4}2&9’ /

N.W.L |

Small fill dam

Flood storage depth Flood spillway




943 Small fill dam(11)

O

( 943 ) Smallfill dam( 11)
If you build a small fill dam and planta tree,
your child can go to university.
Earth Dam Design
Top Width
1.The minimum top width for dams up to 3.0m in height
should be about 2.4m. 5/

Top of the dam
( Settled height)

. Flood spillwa
Constructed height P v

Top width
( atleast2.4m)

/ v

BRIV
107

Side Slopes

¢ 909
020808,

Small fill dam

jpesos s
OO
SO0

Up to 3.0m

Flood storage depth Flood spillway




944 Small fill dam(12)

(944 )Small fill dam(12 )

Earth Dam Design

Settlement Allowance

1.Earthfills compacted in thin layers at optimum moisture conditions.

2.An allowance of 5% to 10% of the settled height should be added
to the top of the fill during construction.

Top of the dam
( Settled height)

Constructed height

Small fill dam

Flood storage depth Flood spillway

Your family will live forever
if you plant 1,000 trees
and build a small fill dam.

Flood spillway

N.W.L




945 Small fill dam(13)

( 945) Smallfill dam( 13) Compaction

Compaction | . .
£d LA Compaction e Maximum dry density
' C

Soil
Vel

Seepage Control ( 1) Optimum moisture content
1.Seepage control can bestbe achieved by proper design and construction.  6.Before the fill is placed,the topsoil or other permeable material under the dam

2.Seepage may occur through the dam or when the pond area should be removed.

is underlaid by rock,sand,and gravel strata. 7.Maximum density of the fill should be obtained by compaction atthe optimum
3.Knowledge of the soil conditions can bestbe obtained by soil borings moisture content

atthe site. 8.During the construction,free water cannotbe squeezed.

4 A limited amount of good fill soil is placed in the center section of the dam 9.Soil should be carefully compacted around structures through dam.
and in the core trench,which should extend down to an impermable layer. 10.The core of good material should be as wide as possible.
5.The core trench should have side slopes of 1:1. 11.The next bestfill material should be placed upstream in the face of the dam,

and the poorestin the downstream section.
Top of the dam P

( Settled height)

Flood spill
Constructed height y ood spillway

N.W.L

Small fill dam

Flood storage depth Flood spillway
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( 946 ) Smallfill dam( 14) Compaction

Compaction . .
Compaction P I Maximum dry density

o oty

Optimum moisture content
Seepage Control ( 2)

12.Sealing of the reservoir area above the dam to prevent seepage may be
accomplished by

( 1) compaction of the area to be covered by water,either with the soil

in place or with a blanket of locally occuring heavy clay.

dispersion of clay soil with chemicals.

application of swelling clays,such as bentonite.

lining with plastic,butyl,or asphaltic materials.

13.Where rock ,gravel,or other strata are exposed,the area should be
covered in layers 0.1m" 0.2m.

14.Thick and compacted with a sheepfootroller.

15.Bentonite or other high—swelling clays should be thoroughly
mixed into the soil and then compacted.

16.Soil should have 10% to 15% sand to provide the necessary soil strength.

—~ ~ ~
O
— — —

Top of the dam A leak can be prevented
( Settled height) Flood spillway| by good construction.
Constructed height

N.W.L

/

Small fill dam

Up to 3.0m

Flood storage depth Flood spillway




947 Small fill dam(15)

( 947 ) Smallfill dam( 15)

7.Careful
compaction

4 Placed in 0.1m
to 0.2m layers

Soil

Construction and maintenance ( 1)

1.All trees,stumps,and shrubs should be removed from the dam site
and from the area to be inundated.

2.Sod and topsoil should be removed and stock piled.

3.Before placement of fill in the dam,the existing soil should be thoroughly
ploughed and disked and be near optimum moisture content

4.The fill material should be placed in 0.1m to 0.2m layers,

evenly,over the entire dam.
Top of the dam

( Settled height)
Constructed height

Compaction

6. am heavy
or not

Maximum dry density

AN
5.Sheepsfootrolle Optimum moisture content

5.The sheepsfootroller is best suited for compacting the fill.

6.Heavy hauling equipment should use varied travel paths so as to
avoid over compaction.

7.Hand-operated pneumatic or motor tampers are best for
compacting around pipes or other structures.

We have used this dam
Flood spillway| for a long time.

v"iv¢’-:91’“!-kvl¢l)(y”’- oo
TR 40..{&&,%;%:“‘
SO NW.L
1.Freeboard {;%&‘%% ( Normal W ater Level )

FREXRS N / £
NW.L | Dy S
R ©
Small fill dam S
o
)

Flood storage depth

AY
Core

Qspillway

2.Sod and topsoil should be removed .
3.The existing soil should be thoroughly
ploughed and disked .

1.All trees,stumps,and shrubs should be removed.
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(948 )Small fill dam(16 )

Construction and maintenance ( 2)
1.Sedimentation can be reduced by protecting waterways with grass
and by establishing adequate erosion—control practices on the watershed.
2.The ponds should be inspected occasionally for evidence of seepage
on the downstream face of the dam,piping ,wave action,and
damage by animals or humans.
3.Trees should notbe allowed to grow near the dam.

W e have used this dam

Top of the .dam for a long time,bacause
( Settled height) Flood spillway| we maintain it well.

N.W.L
3 "" ( Normal Water Level )
8ot N

3.The cause of
seepage is
a plant root.

Side Slopes
Core

Small fill dam
Flood storage depth




949 Earthworms(1)
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( 949) Earthworms( 1)

Earthworms are good for soils.
1.Earthworms like wet dark places.

2.They make burrows and live in holes in the soil.
3.They need wetplaces to stop themselves from drying out
4 Air and water can enter the soil through their burrows.

5.They mix up the layers of the soil.

6.They take dead leaves from the top of the soil into their burrows.
7.the leaves rot and mix with the soil .
8.this makes the soil good for our crops.
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Earthworms!
Thanks a lot

Rich Soll

Poor Soll
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( 950) Earthworms ( 2)

Looking after earthworms.

1.The bestway we can protect earthworms is by looking after the soil.
2.Apply plenty of farmyard manure or compostinto your gardens.
3.We can protect this soil by covering it with left over plant materials.
4. This helps to stop the soil from drying out

2.Farmyard manure
or compost

o
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951 Bores (1)

( 951 ) Bores( 1)

Componentof a borehole

slab

OOOOOOOOOOO

......

ground

— PVC
extraction tube

— gravel

Level of
water table

strainer

0000000000000 0000
00000000 RO0000 000

PNOOO0O0O0O0000000000O(

- Development
zone

Bore sinking is done in four stages:
1.The hole mustbe excavated and
the casing sunk into the ground.
2.The strainer and PVC tube that
remain permanently in the hole
are now positioned.
3.Nextthe casing is removed.
4.Lastly,the bore head mustbe laid out
and water lifting equipmentinstalled.

I dug a well for
my wife and child.
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( 952 ) Bores( 2)

Three stages of boring

Stage 2
Stage 1 ;
Ol 5 Positioning the
ri |n'g an extraction tube
reaming

1

7~casing —casing

-
()
£
©
=
(]

N
Position and sink the Place the strainer and
casing until itreaches PVC extraction tube
the water table. inside the casing.

Stage 3

Removing
the casing

-
(V)
£
©
=
()]

»—casing

We dug a well
by our power.
~ pve

5 extraction tube

Remove the casing;
leave the extraction
tube in place and
develop the bore.
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( 953 ) Bores( 3)
Equipment and tools for boring

Casing with cutting heads

Choose head
according to soft
or hard ground.

casing casing g; @

1.The casing is a tube made of steel.
2.The bottom end of the casing is equipped
W with a very hard cutting piece.

bevelled bit for
reaming in soft
soils

toothed bit for
reaming into rock
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( 954) Bores( 4)

Tools for excavating and drilling

Casing with cutting heads
Bore tools
Auger

extension rod or

/ tubing that drives

the auger

%D — direction of
H rotation

~—— casin . .
c g 1.The auger, a kind of large helical screw,

which cuts into soft soil as itis rotated inside
Auger the casing surface.

Sand and debris

Soft soil ‘
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( 955) Bores( 5)
Tools for excavating and drilling

Casing with cutting heads
Bore tools
Chisel

rope or cable

swivel  opisel:40kg to 60kg

_; damper 1.The chisel used for drilling rock .

2.A small amount of water, to which clay is
sometimes added,is left at the bottom of the hole
where it mixes with the powdered rock to form
a kind of slurry thatis removed from
the casing with a shell.

casing

hard steel blade
—4— slurry
. casing bit

RO NN
(Sl ry st

X

rock
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( 956 ) Bores( 6)
Tools for excavating and drilling

Casing with cutting heads
Bore tools
shell

rope or cable

— casing

/ —— shell

Chisel:40kg to 60kg

1.The shell is a tool for removing
the mud formed atthe bottom
The clack opens of the hole by the chisel.
when the shell is o slurry
lowered.It shuts
when the shell is
hoisted and traps :’,\0‘ SNNNLETRK]
the slurry. {{&%ﬁ;}m
rock

Ve
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Auger

( 957) Bores( 7)

Tools for excavating and drilling

extension rod or

tubing that drives

the auger
— direction of

2 rotation
Qo
3
° casing 1.The auger, a kind of large helical screw,
g cuts into soft soil as itis rotated inside
< % Auger the casing surface.
8 &

2 N e

S AT

REGIREIKA

Soft soll

Casing with cutting heads
Bore tools

Chisel

rope or cable

hard steel blade
——slurry
—¥ __ casing bit

swivel  opicel-40kg to 60ke

damper 1.The chisel used for drilling rock .
. 2.A small amount of water, to which clay is
sometimes added,is leftatthe bottom of the hole
) where it mixes with the powdered rock to form
casing a kind of slurry thatis removed from
the casing with a shell.

shell

=

R

ORI
rock

Gah

3

%

rope or cable

casing

Chisel:40kg to 60kg

— shell

1.The shell is a tool for removing
the mud formed at the bottom
of the hole by the chisel.
slurry
The clack opens
when the shell is

5 lowered.It shuts
'{0}5 when the shell is

hoisted and traps
the slurry.
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( 958 ) Bores( 8)

Drilling and reaming
Auger

S

A villager.
Dig by your hand.

The edge ( tangent) of
the pulley wheel is placed
exactly over the centre point
of the borehole.

uide

clamp

I

collar

rotating an auger

Sand and debris

-

Q\L

stones

\__guide tube

for the

casin . .
& 1.The auger, a kind of large helical screw,

cuts into soft soil as itis rotated inside
the casing surface.

extension rod or
tubing that drives
the auger

Letus dig.

direction of
rotation
casing

Auger
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( 959 ) Bores( 9)
@ Ramming the casing tube

Don'tforget the friend who
helped you when digging a well.

crossbeamm

guide tube
] “hammer
// anvil
Qo
%g — stones
4 guide tube

-~

casing

In order to ream the hole,
the auger or chisel is removed,
and the guide tube ,

hammer and anvil are positioned.

When the casing is

level with the bottom of the hole,
the percussion equipmentis
replaced by the cutting tool.

W e do notforget forever.

However,you
sometimes forget me.
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crossbeaﬁ

CAR]

( 960) Bores( 10)

Percussion drilling with a chisel

The chisel is raised by pulling
on a rope tied to a stake.

chisel raised

@smnes

casing

[ had waited for you
for a long time.
The chisel
hammers the rock.

@smnes

The men let go of the rope,
the chisel falls and hammers
the bottom of the hole.

casing
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( 961 ) Bores( 11)

Developlng a borehole 1.As itrises,the piston quickly pumps up

the water in the tube through the slits in the
strainer.
. The rapid flow of water picks up the fine soil
particles round the tube and deposits them
in the bottom of the strainer from where

g they are scooped up.
§ 2 When the piston pumps out,it forces water outside
L RY . the strainer.the water sinks into soil fissures and sweeps
pumping in e pumping out up the fine particles that are sucked into the strainer
e with the upward movement of the piston.
== piston rod
- rubber washers / strainer
__gravel gravel H\
strainer ==
water a

H”‘ GEE H laminated rings ( wood )
B H about 1 cm thick

i pistone

DAL LIRS

— strainer o / H H
e& The piston used for
developing the borehole

b

fine particles
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( 962 ) Bores( 12)
GARY scoop designed for lifting water from wells and bores

handle _— @hande

2
3
S H H strip of
o H H PVC
H H perforation
H 2 H washer
! |
o %
- £ /
()
g H H ( > rubber footvalve
(-l =
H H J Lﬂg The perforated base
I " is joined to the PVC tube
- The footvalve rises when the
H:H scoop plunges into the water.

The actual scoop consists of a PVC tube thatslips
into the PVC extraction tube of the borehole.

BZ
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@ ( 963 ) Bores( 13)
The mechanism of a piston pump

1.The downward movement 9. The upward movement

3.The downward movement

of the piston

piston rod

1
N~

[Fe2a% MR% W\f?’%

7of’rhe piston 5 of the piston
- o
[e] p .
= c
S 3
S W
2 a
Q
piston C B N N .
L o o piston
valve R R SR A O T
open / L £ £ valve
° Y by open
piston il
valve | [ 2
U closed
Valve closed Valve open
= ] P Valve closed
Inletpipe Inletpipe

Inletpipe

cylinder

[ dig a well
with my family.
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( 979) SoftComponent( 2)

5

[ Checked A Pump
Every Day.

Everyday.
W ash Hands before

Eating after Toilet APM( Area
> Pump Mender)
4 Care Taker

E xtension Staff
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( 980 ) SoftComponent( 3)

Sanitation Education

1.Wash hands.
2.W ash plates.

3.Bath a child.
gj 4 Clean a house.

W ho teaches ?

W e are healthy.
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(981) Soft Component (4)

OOOOOOOOOQO
Oo,
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o

Villager

o .
o .
P000600009° Villager Soakpit

Timber Fence

W here should
[ drink W ater ?

I
Il
<
=

—— Stone
W ater

\




982 Soft Comoponent (5)

(982) Soft Component (5 )

00000000,
ey Oog

<@ € g O

@ ¢ g <
@ € g G

< € g G

Drainage
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)

Vegetables

I can drink
water here.
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( 987) FilDam ( 1)
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( 988) FillDam( 2)

Swamp ( Dambo )

<X .
N LGN
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( 989) FillDam ( 3)

i
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YPPRPRORORQ09090009p 900900

Swamp ( Dambo )

oSS TR A
B s

Swamp ( Dambo ) /
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( 990) FillDam ( 4)

.
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/
Fill Dam
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( 991 ) FillDam ( 5)
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992 Why do we need to plant trees (1)

( 992) Whydo we need to planttrees( 1)

oWy 7

There is
nothing.

1

Because man
cutthe trees.
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( 993) Why do we need to planttrees( 2 )

99999@%@9%%%%43%ﬁﬁﬁﬁﬁgﬁﬁggggg%g%%ﬁgx%ﬁgﬁ
Qg %QQ Q(%R ¢ @< QQZQQQ (?5(;?9(;&299 O | Much water.
Q QQ g PO O QQ QQQQ( many cows.
Q Q many brides.
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( 994) Whydo we need to planttrees( 3)

i
Tl P

Even if itrains,
there is no water. j{

(1)

W oods are a
@ﬁ green dam.

(3)
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( 995) Whois the greatestperson ?

(4)
>

111117/

(2)
(1)

(T adoo

i iele

The man who
keeps a lot
of cattle.

The man who
has a happy home.

( 3)

(

A politician.

Who is the
greatest person ? 7{
f( 4)

The man who
plants trees.
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( 996) Why do we need to planttrees( 4)

Green
ground
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land green.
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( 997) Why do we need to planttrees( 5)

A well is dug
after planting trees
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( 998) How to become rich ( 1)

O Wy
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Planttrees. Dig a well. Educate a child. Build a fill dam Cultivate a field
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( 999) How to become rich ( 2)

A PR @@

Look after Keep cattle. A family is rewarded.
a child.

)
1

Build a pond. Keep earthworms.
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( 1000) How to become rich ( 3)
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Planttrees. Dig a well. Educate a child. Build a fill dam Cultivate a field.
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Keep earthworms. Look after Keep cattle. A family is rewarded.
a child.
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Build a pond.




