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SECTION 3: AGRICULTURE
 



FOREWORD
 

Progress is the result of man's mas-

tery of the world he lives in. The VIL-
LAGE TECHNOLOGY HANDBOOK is aimed at 

helping villagers to master the resources 

available to them: to improve their own 

li,'es and to bring their villages more 
fully into the lives of the nations of 

which they form a basic and important 
part. 


Village development takes on special 

importance in the light of the fact that 

80 percent of those who live in less-
develnped countries live in villages. If 
progress is to come to nations, progress 
must come to villages. 


Technical information is a basic fac-

tor in progress, along with other basic 
factors: political, social and economic. 

The VILLAGE TECHNOLOGY HANDBOOK was con-
ceived by VITA Vnlunteers in 1962 as a 
means of bridging the "technical infor-
mation gap" which keeps the world's 
villages from learning from one another's
 
experience. The book's aim is tc gather 
in one publication information from many 

sources which has been found helpful in 

villages. 


This handbook was first published by 

the U.S. Agency for International 

Development in two volumes in 1963 and 

1964. In the 1970 edition, the two
 
earlier volumes are integrated into
 

one book, the editing has been made
 
more uniform, some new information
 
has been added and the illustra
tions have been improved. The entire
 
handbook has been checked for accuracy
 
by VITA Volunteer specialists. A new
 
feature in this edition is the incorpo
ration of information on other publica
tions which cover in detail subjects
 
which are discussed only briefly here.
 
VITA plans to continue to improve the
 
handbook in future editions to make it
 
increasingly effective as a key to 
existing technology for village workers. 

The information in the handbook has
 
come from many sources. VITA hopes that
 
criticism and new information will come
 
from many of the same sources--and from
 
other soirces. The questionnaire on
 
page ix was designed to stimulate this 
flow of criticism and information. VITA 
will test new information and then dis
seminate it to those who need it. 

VITA is grateful to the U.S. Agency
 
for International Development for its
 
financial support of the revision and
 
for its help in reviewing the contents.
 
Thanks are also due to the Federal Ex
tension Service, U.S. Department of
 
Agriculture, for its help in reviewinq
 
the section on "Home Improvement".
 

A NOTE ON USING THE HANDBOOK
 

This handbook dpscribes techniques and 

devices which can be made and used in 

villages. Hopefully the book wlill gen-

erate new ideds as well as pass on in-
formation which has already been tried, 

Some of the practices suggested here
 
can be adopted on an individual basis.
 
Others, however, will require coopera
tion by many people and, perhaps, by
 
government agencies. Inmany cases, it
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would be well to seek out extension 

services existing inyour area. If 

local government or university exten-

sion services are available, they will 

be able to give you information well 

suited to local conditions. In some 

cases, there may be a need for a credit 

union or a consumer, marketing, housing

or service cooperative. Information on 

credit unions is available from: 


CUrA International, Inc. 

World Extension Department
Box 431 

Madison, Wisconsin 53701 

U.S.A.
 

Information on cooperatives is available 

from: 


Agricultural Cooperative Development

International 


Suite 1200 

1430 K St., N.W. 

Washington, D.C. 20005 

U.S.A. 


When the materials suggested in the 

handbook are not available, it may be 

possible to substitute other materials;
but be careful to make any changes in 

dimensions made necessary by such 

substitutions.
 

Dimensions are given in metric units 

in the text, with Eiglish units in paren-

theses. Only metric units are given in
the illustrations. Conversion tables 

are given in the Appendix. 


Reference materials, along with in-

formation on where they can be ob-

tained, are listed at the end of a

specific entry when they pertain to 

that entry. When they refer more gener-

ally to the field covered in a section 

of the book, they are given at the end
of the section. If you cannot get these 

publications, VITA may be able to help 

you. 


If you want to use translations of
 
material in the handbook, we ask you to
 
let VITA know. The material you want
 
may already be translated; if it is not,

and if you translate it, VITA would like
 
to make your translation available to
 
others.
 

If you have questions orn the material
 
presented here, if you run 
into problems

in implementing the handbook's sugges
tions, or if you have other technical
 
problems, do not hesitate to ask for thepersonal help of a VITA Volunteer spe
cialist. Write to:
 

VITA
 
3706 Rhode Island Avenue
 
Mt. Rainier, Md. 20822
 
U.S.A.
 

VITA's Volunteer Translation Service
 
can 	translate letters in languages other 
than English, but correspondence moves

much more quickly when carried on en
tirely in English. To help VITA Vol
unteers find a useful solution to your

problem as quickly as possible, you
 
should:
 

1. Be quantitative--give measurements,
 
sketches or, when possible, photos.
 

2. 	Explain what materials are available
 
and what limitations there are on
 
cost.
 

3. 	Describe the best solution, if any,

found so far in the area.
 

4. 	Explain any pertinent social or
 
cultural conditions.
 

5. 	Indicate a deadline for action, es
pecially if immediate attention is
 
needed.
 

6. 	Don't expect miracles on the first
 
reply. Successful problem-solving
 
often takes a number of letters back
 
and forth.
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WHAT IS VITA?
 

VITA (Volunteers in Technical Assistance) 

was established in 1959 as a private, non-

profit organization responding to requests 
for assistance in economic and social 
development. VITA mobilizes and coot-

dinates the work of over 7,000 volunteer 

professionals representing 96 countries,

2000 corporations, universities, and 

other institutions. The VITA talent 

bank represents know-how in commerce 

and industry, agriculture and education,
 
engineering and public health,in 

addition to many other fields, 


VITA provides the most appropriate

knowledge to specific calls for 

assistance from individuals, 

organizations, small businesses and 

self-help development groups. In 

its brief history VITA has responded 

to over 25,000 requests. VITA meets
 
people's needs through the mail, by 

telephone, and by on-site counselling, 

Requests have come from village councils, 

community development volunteers,
 
farmers, small business owners, and
 
from members of national and inter
national public and private insti
 
tutions. VITA's unique method
 
matches people with need and people
 
with knowledge to give. This partner
ship increases the opportunity for 

'the success of the requester's project. 

One of the most effective ways that
 
VITA shares its information with many
 
people in through its Publications Program. 
The VILLAGE TECHNOLOGY HANDBOOK has played 
an important role in helping to disseminate
 
that information. Supplementing this book
 
is VITA's Technology Manual series, how
to-do-it booklets, which cover a wide
 
spectrum of subject matter. A publications
 
list is available on request.
 

In its OVERSEAS LIAISON PROGRAM, VITA
 
encourages the formation of similar 
technical assistance programs throughout 
the world. Cooperation with these and
 
other organizations working in the
 
developing countries will give VITA access
 
to on-the-spot background information 
on the technological aspects of international 
development. 

VITA is financed by contributions from
 
private individuals, foundations and
 
industry, and by government grants.
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SYMBOLS AND ABBREVIATIONS
 
USED IN THIS BOOK
 

@ . . . . at
 
".inch 

C . 

cc 
cm 

. . . 

. . . 

. . . 

foot 
degrees Celsius (Centigrade) 
cubic centimeter 
centimeter 

cm/sec . centimeters per second
 
d or dia. diameter
 
F . .. . degrees Fahrenheit 
gm . . . gram 
gpm . . . gallons per minute 
HP . . . horsepower 
kg . . . kilogram 
km . . . kilometer 
1 . . . . liter 
1pm . . . liters per minute 
1/sec . . liters per second 
m . .. .meter
 
ml . . . milliliters
 
mm . . . millimeters
 
m/m . . . meters per minute
 
m/sec . . meters per second
 
ppm . . . parts per million
 
R . . . . radius 
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QUESTIONNAI RE
 

NOTE TO THE READER: VITA's publications are compiled by VITA Volunteers
 
because they want to help people in developing areas. With your field
 
experience, you dre in a unique position of being able to increase the
 
usefulness of this work by sharing what you have learned with the people
 
who 	will use the publications in the future. You are strongly urged to
 
complete the following questionnaire (using additional sheets if nec
essary), cut it out and send it to:
 

VITA 
3706 Rhode Island Avenue
 
Mt. Rainier, Md. 20822
 
U.S.A.
 

Date
 

Name 	 Agency
 

Address
 

1. Which items from the VILLAGE TECHNOLOGY HANDBOO have you put into
 
practice?
 

2. 	Have results been good or otherwise?
 

3. 	Have you made improvements or modifications in any of the devices or
 
techniques? If so, please describe them, including photographs or
 
sketches if possible.
 

4. 	Have you devised any new equipment or techniques not described in
 
the handbook which may be of use to others? If so, please describe
 
them.
 

5. 	Did you find the handbook useful, too simple, too complex, incomplete?
 

6. Other comments and suggestions:
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Earth Moving Devices 
for Irrigation and Road-Building 

Moving soil for irrigation and 
road-building is important to good 

farming. Careful preparation of
land for irrigation ard good water 

usage saves water, labor and soil;
it also increases crop production. 

Farmers often try to irrigate rough

land without enough field ditches or 

with no means of controlling water.
Improved roads make communication 

easier between farmers, their suppliers and their markets. 


Although modern heavy equipment is 

often sought for such work, it is not
 necessary. 
Land can be prepared ef-

fectively with small equipment which
 
can be made by farmers of small manu
facturers and can 
be pulled by animals
or farm tractors. Descriptions of 

yokes and harnesses are given in Farm 

Implements for Arid and Tropical Regions,

by H. J. Hoppen, Food and Agriculture

Organization of the United Nations,
 
Rome, 1960.
 

The following seven articles de
scribe such small equipment:
 

1. Drag Grader
 

2. Fresno scraper*
 

3. Barrel fresno scraper
 

4. Float with adjustable blade
 

5. Buck scraper*
 

6. V-Drag*
 

7. Multiple Hitches
 

*The fresno scraper, buck scraper and
 
V-drag are designed for use with large

horses.
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DRAG GRADER
 

This simple metal-edged wooden grader

is designed for two medium-sized work 

horses or oxen. The grader can be 

scaled down for use with one horse or 

with smaller animals. 


Road-building does not require giant

tractors and earth movers. The grader

described here was used for dirt and 

gravel roads in the midwestern United 

States about 1925. Similar graders 

were used in the original construction
 
of U.S. Highway No. 1 from Maine to 

Florida. 


Tools and Materials 


Lumber: 7.5cm x 30.5cm 3" x 12") 

2 pieces: 243cm (8') long 

1 piece: 152cm (5') long

2 pieces: 30.5cm (l') long 


Lumber: 7.5cm x 15cm (3"x 6") 


1 piece: 37cm (4 1/2") long 


4 	Metal edges: 6mm to 12.5mm
 
( 1/4" to 1/2") thick, 10cm (4")

wide, 243cm (8') long 


17 Lag screws: 16mm (5/8") in 

diameter, 18cm (7") long
 

2 	Eye bolts, 7.5cm (3") diameter,
 
and large lock washers
 

Heavy chain: 3.7m (12')
 

32 Flathead steel woodscrews,
 
7.5cm (3") long. (Carriage bolts
 
with lock washers would strengthen
 
the grader.)
 

Hitch ring
 

Construction details for the grader
 
are shown in Figure 1. The metal edge

overhangs the surfaces of the 243cm
 
(8') beam by 2.5cm ("). Each edge
 
is attached with eight large wood
screws or carriage bolts. Lockwashers
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should be used throughout to keep

strains and tensions from loosening
 
the nuts. The metal edges are attached
 
to both top and bottom so the grader
 
can be turned over to reverse the di
rection in which the soil is 
cast.
 

If the grader is to be used for clean
ing ditches, the angle between the 152cm
 
(5') and 243cm (8') beams should be
 
30 degrees.
 

The drawing position of the grader

is adjusted by changing the hitching
 
point on the chain. The hitch link
should be such that when the small end
 
is put over a link it will not slide.
 
Reverse the hitch ring to slide it a
long the chain.
 

Ifwelding equipment is available,
 
the same design can be used for mak
ing steel road graders, and the cut
ting edges can be hard-surfaced to
 
make them last longer.
 

Source:
 

Richard Hunger, John McCarthy and
 
John Rediger, VITA Volunteers, Peoria,
 
Illinois. Vernon E. Moore, VITA
 
Volunteer, Washington, D.C.
 



EYE otz. 
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FRESNO SCRAPER
 

This scraper is used for moving 

larger amounts of earth from higher 

spots to low areas. It can be made
 
at low cost by farmers or small man-

ufacturers, If materials and 
a well
equipped blacksmith shop are avail-

able. The scraper can do the work of 

larger, more expensive equipment. 


Implements which slide soil 
on soil
 are inefficient. They require a 

large amount of power to move a small 

amount of soil. The fresno scraper 

can move soil more easily because it 

slides on its metal bottom, 


The fresno scrape,, is used for moving

large amounts of soil from high spots 

to low areas to prepare land for ir-

rigation. It is a large metal scoop

that can be built in a number of sizes,

depending on the number of animals that 

can 
be used to pull it. Good results 

will be obtained by using the size 

described here with 2 oxen or 2 to 4 


horses. Construction details are given

in Figures 2 to 5.
 

Using the Fresno
 

Plow the high spots that you want to
 
remove, as this will make it easier
 
to load the fresno and save a great
 
deal of power.
 

The fresno ismade so that the power

used to pull 
itwill also help in load.
ing and unloading. The rope in the
 
handle is used for pulling the scoop

into position for loading and to spread

the soil evenly when unloading.
 

Always be careful when operating the
 
fresno. Do not have any part of your

body directly above the handle. 
 Al
ways keep a firm grip on the handle,

while loading or getting ready to un
load. A sudden jerk or unseen rough

spot may cause the handle bar to fly
 
up and strike you.
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Tools and Materials
 

2 	steel plates for sides: 

6mm x 40cm x 60cm 

(1/4" x 15 3/4" x 23 5/8") 


1 	steel plate for blade: 

6mm x 35cm x 1.24 meters 

(1/4" x 13 3/4" x 48 7/8") 


1 	steel plate for backplate: 
6mm x 52cm x 1.24 meters 
(1/4" x 20 1/2" x 48 7/8") 

4 	steel plates for stiffener plates: 

6mm x 10cm x 18cm 

(1/4" x 4" x 7 1/8") 


1 	steel plate for stiffener plate: 

6mm x 10cm x 28cm 

(1/4" x 4" x 11") 


75 flathead rivets: 

15mm x 3cm (19/32" x 1 1/8") 


12 flathead rivets:
 
20mm x 3cm (25/32" x 1 1/8") 


2 	angle irons for runner: 

6mm x 45mm x 45mm x 1.57 meters
 
(1/4" x 1 3/4" x 1 3/4" x 62 13/16") 


2 steel plates for shoes: 

6mm x 12.5cm x 66cm
 
(1/4" x 5" x 26") 


2 	strap irons for bar brace: 

10mm x 4cm x 32cm
 
(3/8" x 1 9/16" x 12 5/8") 


1 	iron bar for handlebar: 

15mm x 5cm x 1.6 meters
 
(9/16" x 2" x 63") 


1 rope: 

13mm x 2 meters
 
(1/2" x 78 3/4") 


2 	side plates, draft clamp stock:
 
20mm x 21cm 

(25/32" x 8 1/4") 


2 	machine bolts with nut and washer: 
13mm x 4cm (1/2" x 1 9/16") 

2 	draft bar rod stock:
 
20mm x 1.2 meters
 
(25/3211 x 47 1/4")
 

2 	draft bar rod stock:
 
20mm x 95cm
 
(25/32" x 37 3/8")
 

2 	draft bar loop stock:
 
20mm x 45cm
 
(25/32" x 17 3/4")
 

2 	draft bar loop stock:
 
20mm x 38cm
 
(25/3k" x 15")
 

2 	eye bolts with nuts and washers:
 
20mm x 25cm
 
(25/32" x 9 7/8")
 

2 	strap iron clevis stock:
 
10mm x 4cm x 60cm
 
(3/8" x 1 9/16" x 23 5/8")
 

2 	machine bolts with nuts and washers:
 
13mm x 10cm
 
(1/2" x 4")
 

1 	oak draft bar:
 
6cm x 15cm x 1.52m
 
(2 3/8" x 6" x 59 7/8")
 

4 	machine bolts with nuts and washers:
 
13mm x 6cm
 
(1/2" x 2 3/8")
 

8 	machine bolts with nuts and washers: 
13mm x 4cm 
(1/2" x 1 9/16") 

1 	oak stop bar:
 
4cm x 8cm x 1.45 meters
 
(1 9/16" x 3 1/8" x 57 1/8") 

2 	stop bar stock:
 
threaded one end
 

2 	stop bar ball nuts and washer:
 
13mm (1/2")
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To load the fresno, simply lift the 
 rope a hard pull and the fresno will
handle until the front of the bit goes 
 fall back into position for loading.

into the ground at a depth the animals
 
can pull. Do not try to make too deep 
 Usual hitches for animals pulling

a cut or the fresno will be pulled the fresno are...
 
over or the animals pulled to a stop.

You will soon learn how to hold the 
 . two horses 
handle for the proper cut and smooth 
loading. . two oxen
 

When the fresno is full, push down . three horses
 
on the handle and it will go forward
 
without touching the ground until you 
 Two lines are used. Each outside horse
 are ready to unload it. Lift the handle 
 is tied back to the hame or collar

when you are ready to unload and the 
 of the center horse. The center horse
pull of the animals will turn it into 
 is then guided by the inside strap from

the dumping or spreading position. The the lines.
 
stop bar across the top of the fresno
 
can be moved to change the depth of Source:
 
the spreading of soil. Move it forward
 
for a shallow depth or back for a deep- Construction and Use of Small Equipment

er spread. 
 for Farm Irrigation, by Carl M. Forsberg,
 

James D. Metzger and John C. Steele,
After it has been emptied and re- USOM/Turkey in cooperation with the
turned to the point of loading give the 
 Turkish Ministry of Agriculture.
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BARREL FRESNO SCRAPER
 

The barrel fresno scraper is a lighter,
 
simpler version of the fresno scraper
 
described in the preceding entry. It
 
is a low-cost implement to move soil
 
efficiently (see Figure 1). It can be
 
pulled by a team of bullocks and is
 
operated by one man. The scraper,
 
which is well-adapted to production
 
by a village blacksmith, ismade from
 
an old barrel and scrap metal. The
 
scraper can be adapted for heavy duty
 
use. 


A barrel fresno scraper was built
 
and tested in Afghanistan in 1964. It
 
was found that it could move approxi-

mately twice as much soil as the shovel 

board normally used by the Afghan farm-


W/R FR-/SVOB-R'Z 
5CRAPER 

er. The scraper worked better when
 
the high spots were plowed with a mold
board plow which breaks up the soil,
 

F7IGUkh 2. 
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making it easier to pick up. Using 

the local wooden plow was satisfactory

but 	it left the soil cloddy.
 

The scraper was not tested over an
 
extended period to determine how long 

it would last. It is estimated that 

it could be used for 8 to 10 years
 
under normal use on the average Afghan 

farm. Under other conditions, partic-

ularly where the soil is sandy or
 
where the scraper is used for road 

or terrace construction, its life 

would be much shorter.
 

Tools
 

Heavy hammer 

Chisel - for cutting barrel 
Punch - for making holes in barrel 
Saw 	- for cutting wood
 
Drill - for boring holes in wood 

Pliers 

Welder or access to the services of a 


welder
 

Materials 


Barrel, 208-liter (55-U.S. gallon) as 

new ard strong as possible. Rust 

weakens the metal and a rusty barrel
 
should not be used. 


Blade, metal, 1 piece, 5 to 8mm
 
(3/16" to 5/16") thick, 88cm (34 5/8") 

long. Have a blacksmith taper the 

blade until it has this shape when
 
viewed from the end. The blade should 

be sharp. Old truck springs make good 

blades. 


Blade holder, metal, 2 pieces, 5 to 8mm
(3/16" to 5/16") thick
 

Handle, wood, 1 piece, if soft wood 4 

by 8cm (1 9/16" x 3 1/8") or pole 8cm 

(3 1/8") in diameter at large end,
3m (9'10") 

Handle brace, wood, 1 piece, 3cm by 

8cm 	 by 150cm (1 3/16" x 3 1/8" x 59") 

Block wood, 1 piece, 3cm by 8cm by 12cm 
(1 3/16" x 3 1/8" x 4 3/4") 

Bolt, 1 piece, 1cm diameter by 10cm
 
(3/8" x 4")
 
Nails. 5 pieces, 9cm (3 1/2") long
 

Wiro, heavy - at least 3mm (1/8") thick,
 
lm (39') long
 

Chain, 4m (13'), made from 7mm (9/32")
 
rod, with hook at each end. See Figure 1.
 

Rope, 12mm (1/2") diameter, 3m (9'10")
 
long
 

Construction
 

1. Cut the barrel, starting next to
 
the welded seam, as shown in Figure 3
 
below. Also see Figure 1. The cut is
 
exactly half way around the barrel.
 

2. Pull the cut-out section forward
 
and flatten itwith a hammer. See
 
Figure 4.
 

3. Fold the cut-out section back 17
 
to 20 cm (6 3/4" to 7 7/8") from the
 
end of the cut, depending on the
 
width of the blade, to form a double
 
bottom. See Figure 5.
 

4. The blade can be installed by
 
welding or by riveting.
 

A. 	To install the blade by welding
 
(see Figure 1):
 

(1)Butt the blade (see materials)
 
against the barrel fold and
 
spot weld it. Five spots of
 
welding 3cm (1 3/16") long,
 
evenly spaced, are enough.
 

(2)The lower tip of the blade
 
holder (see materials)
 
should be even with the end
 
of the cut.
 

(3)Weld the blade holder at
 
the outside of the barrel to
 
the heavy rim.
 

(4)Weld the blade to the bottom
 
of the blade holder.
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B. To install the blade by riveting: (6)The folded part of the barrel
 
bottom should extend 3cm (0 3/16")
(1)No blade holder is required. 
 under the blade and be riveted to
 
the bottom of the blade.
(2)The metal for the blade should
 

be 5 to 8m (3/16" to 5/16") 
 5. Install the handle and handle brace.
thick, 8 to 12cm (3 1/8" to 
 See Figure 7.
 
4 3/4") wide and 164 cm (64 1/2")

long. 
 Taper and sharpen the (1) Position the barrel so the edge
blade before bending. 
 of the blade is exactly 4cm above the
 

floor.

(3)Bend the blade up at right


angles 40cm (15 3/4") from 
 (2) Taper the end of the handle and
each end. This will leave 
 place it in the position shown in the
the main part of the blade sketch, making sure it is in the cen86cm (33 7/8") long to fit 
 ter of the barrel.
 
inside the barrel.
 

(3) Punch a hole through the bottom
(4) Insert the blade. 
 of the barrel, drill a hole throuqh

the end of the handle and bolt thE
 
handle to the barrel.
(5)Drill holes and rivet as shown


in Figure 6. 
 (4) Bend 2 1/2 cm of the edge of the
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barrel metal up as shown in Figure 1. 6. Install the brace wires and rope.
 
Punch 2 small holes in the metal and See Figure 8.
 
drive 2 nails through the holes into
 
the end of the wooden brace. (1) Punch holes through the side and
 

end of the barrel halfway between
 
(5) Making sure theblade is still the bolt and brace end.
 
4 cm from the floor, nail the wooden
 
block against the end of the wooden (2) Fix 4 strands of wire through
 
brace. the holes and around the brace and
 

handle.
 
(6) Drive a nail through the end of 
the brace into the handle. (3)Twist the wires with a small stick
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to tighten the wire braces, making sure 

the handle is at right angles to the barrel. 


(4)Drill a 1 1/2cm hole, 20cm from
 
the end of the handle. Thread the 

end of the rope through the hole 

and make a knot at each end. 


7. Make holes for installing chain.
 
See Figure 9. 


8. Install chain. See Figures 1 and 2. 


Operation 


Always be careful, when operating

the barrel fresno scraper, not to have 

any part of your body directly above 

the handle. 


Keep a firm grip on the handle while 

loading or getting ready to unload.
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An unseen rough spot may cause a sudden
 
jerk which will make the handle fly up

and strike you.
 

Before using the scraper, plow the
 
high spots that you want to remove.
 
This will make it easier to load the
 
soil.
 

The power used to pull the scraper

will also help in loading and unloading.
 
Use the rope in the handle to pull the
 
scraper into position for loading and
 
for spreading the soil evenly when un
loading.
 

To load the scraper, simply lift the
 
handle to let the blade go into the
 
soil. Do not make too deep a cut:
 
this would either pull the scraper
 
over or pull the animals to a stop.
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You will learn by experience how to 

hold the handle for a proper cut and
 
smooth handling. 


When the scraper is full, push down 

on the handle to let the loaded scraper 

slide forward without picking up more

soil to where you want to unload it. 


To unload, lift the handle. The pull

of the animals will move the scraper 

into dumping position. To spread the 

soil evenly, hold the rope tight. To 

dump the soil in a pile, let the rope
 
go. 


Repairing the Barrel Fresno Scraper 


To repair the scraper when the bottom
 
starts to wear through, cut off the 

unworn part of the cut-out section of
 
the barrel and weld or rivet it over 

the old bottom. When the rims of the 

barrel, which serve as runners, start
 
to show wear, weld or rivet old truck
 
springs or similar heavy strap iron
 
over their entire length.
 

Adapting for Heavy Duty
 

To adapt the barrel fresno scraper
 
for heavy duty, the two wearing points,

the bottom and the runners must be
 
reinforced.
 

To reinforce the scraper bottom, cover
 
it with a heavy iron plate 4 to 6mm
 
(5/32" to 1/4") thick from the rear
 
of the blade to the bolt which holds
 
the handle. Weld or rivet the plate
 
in place.
 

To reinforce the runners, weld or
 
rivet old truck springs or other heavy
 
strap iron as described in the paragraph
 
on repairing the scraper.
 

Source:
 

Dale Fritz, VITA Volunteer,
 
Washington, D.C.
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FLOAT WITH ADJUSTABLE BLADE
 

The float is very useful for leveling 

a field before planting a crop. It can 

be made by a small manufacturer or a 

carpenter-blacksmith with locally-avail-

able materials (sje Figure 1). 


All earth moving operations, where any

quantity of soil is moved, leave the land 

surface in an uneven condition. The 

float is the best piece of equipment for 

obtaining a smooth, even surface.
 

It is difficult to do a perfect job of 

leveling the first season after earth has

been moved. The areas from which the soil 

has been removed are usually hard and 

the areas to which it has been moved are 

soft so that uneven settling results,

Also, general tillage and plowing oper-

ations sometimes roughen the land surface.

Using the float over the entire field 

each season before planting the crop will 

help answer these problems. Best re

sults may be obtained by floatinn the
 
field in both directions (at 90 degrees),

going back and forth. The last floating

should be in the direction of the irri
gation flow.
 

When borders are built in a field for
 
border irrigation it is usually best to
 
use the float over the entire areas be
tween the borders before seeding.
 

The float can be built in various
 
widths according to the available power.

It is necessary, however, that the
 
float be at least 5 meters (16 feet)

long to insure a good job of leveling

the earth. The adjustable blade is
 
optional but it is often desirable if
 
a buck scraper is not available.
 

Common hitches for the float are the
 
same as used with the fresno.
 

A1/41,? I A nlOAr rOav.ZVT& A1 ,C/O 8AAoZ-
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Tools and Materials
 

Wood: 


2 runners, 5cm x 30cm x 5.5 meters
 
(2"x 12" x 18') 


3 blades, 5cm x 30cm x 1.8 meters
 
(2" x 12" x 70 7/8") 


2 cross braces, 5cm x 20cm x 1.9
 
meters (2"x 7 7/8" x 74 13/16") 


2 diagonal braces, 5cm x 15cm x 3.75 

meters (2" x 5 7/8" x 12'A")
 

2 diagonal braces, 5cm x 15cm x 3
 

meters (2" x 5 7/8" x 9'9") 


4 side blocks, 5cm x 30cm x 45cm
 
(2" x 12" x 17 3/4")
 

1 lever, 5cm x 10cm x 1.5 meters
 
(2" x 4" x 59")
 

2 strap iron runner plates, 7mm x 50mm x
 
6 meters (9/32" x 2" x 19'7")
 

3 angle iron cutting edges, 7mm x 50mm x
1.8 meters (9/32" x 2" x 70 7/8")
 

2 steel tie rods (threaded both ends), 

7mm x 2 meters (9/32" x 78 3/4")
 

4 nuts, 7mm (9/.:2") 

8 washers, 7mm (9/32")
 

1 pipe axle, 5cm (2") diameter x 2 meters
 
(78 3/4")
 

2 steel plates, 10mm x 20cm x 20cm
 
(3/8" x 7 7/8" x 7 7/8") 


3 u-bolts, with nuts and washers, 13mm x 

20cm (1/2" x 7 7/8") 


2 hitch stocks, 7mm x 50mm x 70cm 

(9/32" x 2" x 27 9/16") 


50 flat head screws, 4cm (19/16") (No.
 
14)
 

15 flat head stove bolts, with nuts and
 
washers, 6mm x 8cm (1/4" x 3 5/32")
 

4 carriage bolts, with nuts and washers,
 
13mm x 13cm (1/2" x 5 1/8")
 

1.5kg nails, 13cm (40d) (5 1/8")
 

1.5kg nails, 10cm (20d) (4")
 

1 rope, 10mm x 4 meters (3/8" ; 13')
 

1 chain or cable hitch, 5 meters (16' 5")
 

Construction details for the float are
 
given in Figure 2.
 

Source:
 

Construction and Use of Small Equip
ment for Farm Irrigation, by Carl M.
 
For sberg, James D. Metzger and John
 
C. Steele, USOM/Turkey in cooperation

with Turkish Ministry of Agriculture.
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BUCK SCRAPER 

This buck scraper may be used for 

leveling small humps of earth where the 

haul distance is short. It can be made
 
by a small manufacturer or by a car-

penter-blacksmith if equipment and 

materials are available, 


This buck scraper has been designed 

for use with large horses or oxen. 


The buck-scraper can be used for fill-

ing ditches or for smoothing border ir-

rigation systems. After the border 

levee has been made, it is very important 

to smooth t. area between and close to 

the levees. The buck scraper can be used 

very effectively for this purpose by
 
shortening the hitch on one side and 

allowing the blade of the scraper to run 

at an angle, thus shoving the soil into
 
the rough areas around the newly-built 

levee. 


After using the fresno to move large
 
amounts of soil from high spots to low 

spots, the surface of the cut and fill 

areas mill usually be rough. The buck 


scraper is useful for smoothing out the
 
uneven spots caused by the fresno.
 

Earth moving may be aided by loosening
 
the soil to be moved by plowing before
 
using the buck scraper.
 

The buck scraper is loaded by pushing
 
down on the handle as the equipment
 
moves forward. The handle must be held
 
down while the soil is being transported.
 
The scraper is unloaded by lifting up on
 
the handle. A shallow spread is made by
 
lifting the handle slightly and a
 
deeper spread by pushing the handle
 
farther forward.
 

The most comon hitches with the buck
 
scraper are:
 

. 2 oxen 

. 2 horses 
3 horses 

The buck scraper may be made in dif
ferent sizes according to the available
 
power.
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Tools and Materials
 

1 buck board, 5cm x 30cm x 183cm 2 eye bolts, 16mm x 9cm
 
(2" x 12" x 6') 
 (5/8" x 3 1/2")
 

1 trailer board, 5cm x 30cm x 122cm 2 carriage bolts, 13mm x 13cm (1/2" x 
(2" x 12" x 4') 5 1/8") 
1 iron pipe handle, 3cm x 2cm 4 carriage bolts, 13mm x 10cm (1/2" x
 
(3/4" x 23/32" ) 4") 
1 strap iron cutting edge, 6nm x 22 carriage bolts, 13mm x 8cm
 
10cm x 183cm (1/4" x 4" x 6') (1/2" x 3 1/8")
 
4 strap iron hinges, 6mm x 4cm x 30cm 2 washers, 16mm (5/8")
 
(1/4" x 1 9/16" x 12")
 

28 washers, 13mm (1/2,1)
 
2 strap iron, 6mm x 4cm x 30cm
 
(1/4" x 1 9/16" x 12") 
 1 chain or cable hitch, 5mm (3/16")
 

2 strap iron pipe clamps, 6mm x 4cm x
 
15cm (1/4" x 1 9/16" x 6") Source:
 

2 band strap iron pipe clamps, 6mm x Construction and Use of Small Equipment
4cm x 20cm (1/4" x 1 9/16" x 7 7/8") for Farm Irrigation, by Carl N. Forsberg, 

D. Metager and John C. Steele,
1 bolt for hinge, 16mm x 46cm USOM/Turkey in cooperation with Turkish
(5/8" x 18 1/8") Ministry of Agriculture.
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V-DRAG FOR PLOWING DITCHES AND BUILDING LEVEES
 

The V-Drag is used for making ditches 

for irrigation and drainage of fields 

and roads. It can also be used to make 

levees (banks) or borders for border 

irrigation. The V-Drag can be made
 
locally by carpenter-blacksmiths or 

small manufacturers ifmaterials are 

available. 


Materials 


(See Figure 2 for list of materials) 


Construction details are given in Fig-

ure 2.
 

Using the V-Drag for Plowing Ditches 


After the desired ditch line has been 

established by means of a level or trans-

sit, the plow may be used to make a 


2/5
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furrow where the line has been staked.
 
Plow down one way, then turn and plow

back again in the same furrow but throw
ing the soil the other way.
 

When the f'.rrow has been made by
 
plowing downi and back, use the V..Drag
 
to move the soil out of the furrow.
 
By making a complete round (down and
 
back) the soil can be thrown out on both
 
sides of the ditch. By alternately
 
plowing and using the V-Drag to throw
 
the soil out, any desired depth of
 
ditch can be obtained.
 

The method of hitching the animals is
 
important. If two horses are used, it
 
is necessary to hitch them far enough
 
apart so that both can walk outside the
 
ditch. If two oxen are used it is im
purtant that the yoke be long enough to
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permit each animal to walk on the outside 

of the ditch.
 

If the soil is hard and more power is 

required, 3-horses can be used and one 

horse can walk in the ditch and nne on 

each side. 


The depth of cut made by tlwtjL Cdg
 
can be adjusted to the availabiL power.

Shortening the hitch will reduce the
 
depth of cut as will shifting your
 
weight to the back of the drag. Either
 
lengthening the hitch or shifting your
 
weight to the front will increase the
 
depth of cut.
 

The handle of the V-Drag can be used
 
to vary the width of the ditch. Press
ing down will widen it while lifting up
 
will narrow the width.
 

Using the V-Drag to Build Levees or
 
Borders foorderder Irrigation Systems
 

After the desired location has been
 
selected for constructing a levee, or
 
border, the plow may be used to plow

down and back twice and throw the soil
 
into the border line. The V-Drag can
 
then be used to crowd the soil into a
 
ridge.
 

When a border irrigation system is
 
constructed in this manner it is nec
essary to smooth around the border
 
with a buck scraper (see page 203).

If the hitch on the scraper is short
ened on one side itwill roll the dirt
 
into the border.
 

The Hitch
 

The hitch on the V-Drag is the same
 
for construction of a ditch or a border.
 
Two horses, two oxen, or three horses
 
are usually satisfactory.
 

Source:
 

Construction and Use of Small Equipment
 
for Farm Irri ation, by Carl M. Forsberg,

James D. Metzger and John C. Steele,
 
USOM/lurkey in cooperation with Turkish
 
Ministry of Agriculture.
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MULTIPLE HITCHES
 

Multiole hitches or load eveners are
 
necessary when more than one animal is
 
used for pulling equipment to adapt the 

proper power to the load and the job.
 
Correctly-made hitches enable each
 
animal to do his share of the work and
 
exert an even pull on a piece of equip
ment.
 

Various combinations of hitches may

be used, according to the job. The most
 
common hitches are:
 

double trees, or 2-horse evener
 
3-horse evener
 
4-horse evener
 

* 6-horse evener 

Figure 1 shows a four-horse evener and
 
a three-horse evener. This illustration
 
is helpful in reading the construction
 
details in Figure 3.
 

The major parts of the hitches can he
 
adapted for use with oxen/or bullocks.
 
Figure 2 shows simpler eveners which can
 
be used with horses, oxen or bullocks.
 

° 4 6s
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Tools and Materials
 

2-horse evener: 


1 oak plank, 4cm x l0cm x 1 meter 

(1 9/16" x 4" x 39 3/8") 


2 oak bars, 4cm x 6cm x 77cm 

(1 9/16" x 2 3/8" x 30 5/16") 


4 strap iron, 10mm x 4cm x 22.5cm 

(3/8" x 1 19/16" x 8 7/8") 


4 machine bolts with nuts and washers, 

13mm x 8cm (1/2" x 3 1/8") 


2 carriage bolts with nuts and washers, 
10mm x 12cm (3/8" x 4 3/4") 

3-horse evener: 

1 oak plank, 4cm x 12cm x 1.52 meters
 
(1 9/16" x 4 3/4" x 59 7/8") 

1 oak bar, 4.m x 6cm x 77cm (19/16" x 

2 3/8" x 30 15/16") 


2 strap iron, 10mm x 4cm x 46.5cm 

(3/8" x 1 9/16" x 18 5/16") 


2 strap iron, 10mm x 4cm x 34cm 

(3/8" x 1 9/16" x 13 3/8") 


4 machine bolts with nuts and washers, 
13mm x 8cm (1/2" x 3 1/8") 

2 carriage bolts with nuts and washers,
 
10mm x 14cm (3/8" x 5 1/2") 

plus material for one 2-horse evener
 

4-horse evener: 


1 oak plank, 4cm x 16cm x 1.96 meters 
(19/16" x 6 5/16" x 78") 

4 strap iron, 10mm x 4cm x 40cm 
(3/8" x 1 9/16" x 15 3/4") 


4 machine b(.lts with nuts and washers, 
13mm x 8cm (1/2" x 3 1/8") 

2 carriage bolts with nuts and washers,
 
10mm x 18cm (3/8" x 7 1/16")
 

plus materials for two 2-horse evener,: 

6-horse evener:
 

1 oak plank, 6cm x 20cm x 2.84 meters
 
(2 3/8" x 7 7/8" x 91 3 3/4")
 

4 strap iron, 10mm x 5cm x .45cm
 
(3/8" x 12.5cm x 5/32'")
 

2 machine bolts with nuts and washers, 
20mm x 8cm (3/4" x 3 1/8") 

2 machine bolts with nuts and washers,
 
20mm x 10cm (3/4" x 4")
 

2 carriage bolts with nuts and washers, 
10mm x 22cm (3/8" x 8 5/8") 

plus materials for two 3-horse eveners 

Clevis (U-shaped piece by which draft
 
anima is connected to hitch)
 

1 clevis stock, 20mm x 70cm
 
(3/4" x 27 1/2")
 

1 machine bolt with nut and washers,
 
20mm x 12cm (3/4" x 4 3/4") 

(one clevis is needed for each horse)
 

Sources:
 

Construction and Use of Small Equipment
 
for Farm Irri ation, by Carl M. Forsberg,
 
James D. Metzger and John C. Steele, USOM/
 
Turkey, in cooperation with the Turkish
 
Ministry of Agriculture.
 

Farm Implements for Arid and Tropical
Re ions, by H. J. Hoffen, Food and 
Aiul~ture Organization of the United 
Nations, Rome, 1960. 
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Irrigation 

SIPHON TUBE
 

The metal siphon tube described here 

can be used for irrigation (see Figure 

1). It can be easily made and repaired

by tinsmiths. A siphon can also be made
 
from a piece of rubber hose or by bending 

a piece of plastic tube. 

Tools and Materials 


Galvanized sheet metal 


Tinsmith tools: solder, tinsnips, ham-

mers, anvil , 


Construction details are given in Fig-
ure 2. 


The purpose of this siphon tube is to 

carry water out of a ditch without cut
ting a hole in the ditch bank. In many 

soils a small hole cut in the ditch

bank soon becomes a large hole because 

of erosion. Imported plastic siphons 


4hef 

are often expensive, easily broken and
 
usually impossible for local people to
 
repair.
 

There are nora! to startrlood ways 
a siphon tube. ihe simplest way is to 
put the tube in the ditch until it fills
with water. Holding one hand over the
 
end of the tube, so that air cannot get

in,lift the tube out and place it as 
shown in Figure 1. Be sure the other
 
end of the tube does not come out of
 
the water while placing the tube. When
 
the tube is in place, remove the hand
and the water will begin to flow. The 
end of the tube outside the ditch must
 
be lower than the level of the water in
 
the ditch.
 

Source:
 

Dale Fritz, VITA Volunteer,
 
Washington, D.C.
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USING TILE FOR GARDEN IRRIGATION AND DRAINAGE
 

An irrigation or drainage system 

made with the concrete tiles described
 
here can help to keep a garden in pro-

duction during both wet and dry seasons. 

Itwill make good use of irrigation 

water and, during the wet season, will 

drain off surplus water. 


The entries which follow explain 

how to make a concrete-tile machine
and how to use the machine for making

tiles. 


Drainage and underground irrigation

using these tiles have worked satisfac-

torily in Panama. 


In regions of heavy rainfall, the tile 

drainage can be combined with good sur-

face drainage by making raised beds in 

gardens, shoveling out 30cm (1') wide 

pathways which will be 15cm (6") 
lower 

than the beds. Put the beds over the 

tile lines and make them 1 meter (3')

wide. Use the pathways also as drainage 

ways and connect them with a good out-

let to lower ground. 


This system of under-ground irrigation

(and drainage) can serve under fruit 

trees or gardens. Itcan also be used
around the foundations of buildings

where drainage is a problem, 


Tools and Materials
 

Concrete tile
 
Cement for mortar, concrete
 
Sand for mortar and tile covering

Gravel or crushed stone for concrete
 
Wood for plugs
 
Optional - Brass outlet box collar
Shovels, concrete-mixing tools
 

Concrete irrigation tiles, whether
 
for irrigation or drainage or both are
 
laid 30cm (12") deep in lines 1.2m (4')
apart (the latter measurement depending
 
on the texture of the soil: more
 
distance between lines for clay soils
 
and less for sandy soils). The garden

should be almost level, with good

surface drainage. By making upright

"elbows" dt the ends of the lines,
 
one can give access to the tile at
 
either end. A garden hose can de
liver the water from its source to the
 
upright ends of the tile lines. 
 While
 
tile lines must be level, they do not
 
have to be straight; they can follow
 
a contour line or double back to make
 
a 
more convenient system of installation,

with four or more lines connected to
 
make one unit. (See Figure 2.)
 

In dry seasons, the tiles supply

water to the plant roots. See Fig

o01CZrP 4" 

CZOS/MG 7ze OPWs///G
 

MOO 
30CM
 

,AQ R P&,P5rI COV-ER OVFR JO/a/r7 

F126uee /
 

212
 



BOX 

COhLAR 

F/64/A'A 2 	 OR4/MZ 16(/LT 

ure 1. In wet seasons, the water "elbow" (made of two tiles cut to
 
escapes through the sand and gravel 45-degree angle) to make a place

around the tile and follows the con- for putting the hose at one end,
 
crete tube formed by the tiles to a 	 and use other elbows to turn
 
drainage outlet (see Figure 2). corners. 
While passing downward through the 
soil to the tile, the water draws air 3. Put a piece of tar paper (or used 
into the soil and supplies oxygen to linoleum) over each joint (see
the helpful bacteria and to the plant Figure 3) to keep the dirt out of 
roots. Seedlings cannot grow without he line. A piece 5cm x 12.5cm 
oxygen. (Plants do not grow in a (2" x 5") is large enough. Cut 
flower pot without a drain hole in with tin snips.
 
the bottom, because they do not get
 
oxygen.) 4. Cover the tile with sand to give


the water an opportunity to soak
 
How to Install Concrete Irrigation Tile out into the soil or (inthe case
 

of drainage), to seep into the
 
1. Grade the garden plot to within tile. The bottom 12.5cm (5") of
 

5cm to 7cm (2"to 3") of level and the trench are filled with sand
 
make trenches 30cm (12") deep, or gravel (around the tile) and
 
according to the design in Figure the top 17.5cm (7") are filled
 
2. This will give an even dis- with soil.
 
tribution of the water. Check the
 
bottom of the tile ditches to be 5. Near the outlet, make an upright
 
sure they are level. Only the concrete box with two holes near
 
drainage 	outlet will have a drop. the bottom to let drainage water
 

run through and on out to an out
2. Lay the tile, end to end, in the let. The box should be large
 

bottom of the trench. Use an enough so that one can reach in

213
 



to it to install a plug in the 
drain side of the box when the 
system is used for irrigation.
A brass or aluminum collar in
stalled in the concrete will 
make it easier to close this 
hole completely and thus avoid a 
loss of water. 

6. Put covers over both ends to keep
out small animals (see Figure 1). 

7. Do not water more frequently than 
once or twice a week, so that 
plant roots will not enter the 
tile line to obstruct it. 

, ' , 

8. Be careful not to injure the tile 
with tillage equipment. 

9. For irrigation the tile system is 
used with its drain plug securely
closed (see Figure 2). Water is 
run into the line once or twice 
a week, by means of a hose, until 
the soil becomes moist. For 
drainage, simply pull the plug. 
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Source: 

A Machine for Making Concrete Tile forIrrigationandDrainage, by J. Oscar 
Brown, U.S. Department of Commerce,
O.T.S. Information Kit, Vol. II #2,
November, 1961. 



MAKING A CONCRETE TILE MACHINE
 

This all-steel ti',-making machine can 

be made of scrap metal in any shop with
 
welding equipment. The machine makes 80 

to 100 tiles to a sack of cement. One
 
man can make about 300 tiles in an 8-hour 

day. Construction of the machine is a 

good welding project for students, 


A tile-making machine made from wood
 
is illustrated in Figur2 15. The tiles 

made with this machine are the same 

size as those made with the all-metal 

machine. 
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Tools and Materials
 

See text
 

All the drawings of the formi and its
 
several parts in this entry show the
 
form in its up-side-down, or emptying
 
position.
 

The machine can be made of used or new
 
materials. To make the form, it is de
sirable to have h ' ctric and acety
lene welding equli ,, althoLjh either
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will serve. The thicker parts are 

assembled by arc welding and the thin-
ner parts have to be put through other 

parts before welding, as 
will be explain-
ed below. We shall 
refer f- each indi-

vidual part by its number, which appears
on the sketches. 


The assemblies made of parts No. 10, 

11 
and 12 (see Figures 8 and 14) 
are
simply a convenient means of taking hold
of the levers to open the end doors.
These levers 
are made of parts No. 5 and

13 as described below and shown in Fig-
ures 9, 10 and 11 
and they work against

the two springs which hold the doors 

shut,--the tension being made sufficient
 
to hold the doors closed against the
 
force of tamping.
 

The hole in the end door is shown as
3mm (1/8") larger than the diameter of
the pipe which shapes the interior sur-

face of the concrete tubes. 
 This 3mm
(1/8") is an allowance of clearance
 
necessary to 
k..p the sand particles from
 
making the pipe difficult to remove
after the mortar is tamped around it. 

Greater clearance would hurt the uni-

formity of the tile. 
 The finished tile
should have a uniform 13mm (1/2") wall
and part No. I must be shaped and so
related to the pipe that the thickness

of the tile wall will be correct (see

Figure 6). 


Parts No. 7 are bronze welded to the

sides of No. 1 (see Figure 6). 
 These
parts, 
like other parts which touch the
hands, should be dressed to a smoothness

sufficient to avoid injury to the oper-

ator. The outside of the form should be
well painted but the inside cannot be
painted, as 
paint would cause the mortar
to stick to the inside. 
 When the form
isnot in use, the inside should be kept
oiled, 


The pipe may need to be dressed light-

ly in the lathe to make it easier to re-

move from the form after the mortar is
tamped around it. In turning, it is
advisable to make the end opposite the
handle end O.5mm (1/64") smaller, as 


this will facilitate its removal in the

emptying process. 
This lathe work
should be done after the end of the pipe

opposite the handle end has been welded
shut with a disc of galvanized sheet

metal. If this end is 
not closed, cement will enter the pipe and thus be
 
spilled into the inside of the tile to
become an obstruction there.
 

Part No. 19 is a 
wire or 3mm (3/32")
diameter steel welding rod with the
shape shown in Figure 2, but one of the
 
eyes has to be formed after the part
has been threaded through the hole in
 
part No. 8 (see Figures 1 and 8).
 

S/APE OX
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The following paragraphs are listed
 
by part numbers:
 

1. The inside walls of the form are

made of 16-gage galvanized iron.
 
Part No. 1 as 
shown in Figure 1

is made from a sheet cut to a
 
true rectangle, 26.6cm x 30.5cm
 
(10 1/2" x 12"). This is bent to
shape by putting a 6mm (1/4")

fold on each of the 30.5cm (12")
sides; bending 19mm (3/4") more of
 
same sides to 
a right angle; and

then shaping the sheet according

to the 
curve shown in Figure 3.

This lining is then fitted into

the cradle which is made of parts

No, 2 and 3. Parts No. 6 will be

the end doors, which are also made

of 16-gage sheet iron. 
 The in
side of the form should not be
painted, as 
this interferes with its
 
operation.
 

2. For part No. 2, two pieces of angle

iron, 38mm x 3qrmm x 3mm x 
30.5cm

(1 1/2" x 1 1/2" 
x 1/8" x 12") are
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needed, 


3. Angle iron, 38mm x 38mm x 5mm
 
(1 1/2" x 1 1/2" x 3/16"), 95mm 

(3 3/4") long. Two are needed. 

Parts No. 2 and 3 are welded together 

to form the cradle. Parts No. 8 are 

welded in place on parts No. 2 and 

corrections are made for shape be-

fore No. 1 is tack welded into the 

cradle which has thus been formed, 

The design above gives some idea 

of final relationship to be kept be-


ARAC~rT
 

.41VO7Vt-rA%4OAZW 

217
 

tween the sheet metal lining of the
 
form and the metal pipe. Notice
 
that the tile wall will be uniform
ly 13mm (1/2") thick. See Figures

4 and 8.
 

4. Mild steel rods, 10mm x 15.2cm
 
(3/8" by 6"). See Figure 13. Two
 

needed. These are welded in
 
place to make the form stand a
 
little taller so the levers will
 
not touch the work bench while the
 
mortar is being tamped into the
 
form. They also provide a wider
 
base.
 

5. Mild steel rods, 10mm x 22.9cm
 
(3/8" x 9"). See Figure 10. Four
 
are needed. These are bent to form
 
the levers and are welded into pairs
 
by means of the connecting piece,
 
No. 13. See Figure 9. Notice the
 
tiny appendages which are welded to
 
the handle end of the levers. These
 
are to keep the hand hold from turn
ing or sliding endwise from its
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proper position, 
 By the "hand hold" 

we mean the assembly mae of Parts 

of No. 1 after the doors are proper
ly installed as explaned under No.
No. 10, 
and 12. a 
 15 below.
 

6. Galvanized sheet metal, 16-gage, 
 8. Mild steel bar, 19ma
14cm x 16.5cm (51/2" x 6 m x 6mm x 7cm
2"). 
 (3/4 x
Two are needed. These are the 
/4" x 2 3/4"). Four are
doors and the parts which hold the 
 needed. See Figure1. They are
 welded to No. 2 to complete the
 

center ptpe in its proper position
They should be cut and shaped after 
 Then the lining, part No. I is
 
Part No 


cradle for the lining of the form.
 
1 has been tack-welded in 
 welded to No. 8 at the fold in the
its place. See Figure 5. 
 the space for the thickness of the
7. Galvanized sheet metal, 16-gage, 

edge of No. 1. Check to see that
tile wall remains 13mm (112").
38m x lO.2cm (1 112"1 x 4"), bent
 
to angle as shown in Figure 6. Two 
 9. Screen door spring, cut into coils
are needed. 
 These are handles for 
 as shown, 14cm (5 1/2") long with
lifting the form. 
They are dressed 
 the end loops bent out to form eyes.
smooth and bronze welded to the sides 
 Two are needed. See Figure 7.
 

218
 



RAWNDLEE 5 

(oN;. ot4 

FI61'e- 6 

10. 

11. 

Channel iron, 31mm x 19mm x 8.2cm 
(1 1/4" x 3/4" x 3 1/4"). Two are 
needed. Countersink hole for 
screw head. Dress parts No. 10 
and 11 smooth as they are handles. 

Strap iron, 2.5cm x 3mm x 8.2cm 
(1"x 1/8" x 3 1/4"). Two are 
needed. See Figures 8 and 14. 
Drill and thread hole to match the 
screw hole in part No. 10. Make 
guide holes for the round appen-
dages which are welded to the end 
of the levers, No. 5. The appen
dage on No. 5 is made by sawing 

12. 

13. 

off a 10mm (3/8") length of 10mm 
(3/8") diameter rod and bronze 
welding it to the end of the 
handle as shown. 

Machine screw, flat head, 6mm x 
19mm (1/4' x 3/4"). Two are needed. 
This unites No. 10 and 11. 

Mild steel rod, 10mm x 12.7cm (3/8" 
x 5"). Two are needed. See Figure 
11. Parts No. 5 are made in pairs 
by welding to the ends of part No. 
13. Before welding, insert part 

(BEFORE 3rRArCR/ 4,6) 

()SWMM D,.q x 22MM zo'6 
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13 in the tube, No. 14, which will 

become the pivot (after No. 14 is 

welded to the inside angle of No. 

3). Thus we have the levers which 

open the end doors. 


14. 	 Pipe, 10mm (3/8"), 7.6cm (3") long. 

Two are needed. They form the pi
vots for levers. 


15. 	 Steel welding rod, 6mm x 10.8cm 

(1/4" x 4 1/4"). The ends are 

ground flat and smooth. Two are 

needed. See Figure 14. These are 

the hinge pins for the doors, 


After the hinge holes, No. 16 are 

welded to part No. 3, parts No. 15 

are put in place in the holes, 

Then parts No. 6, the doors, are
 
put in place, checked for exact 

position and bronze welded to the 

hinge pins, No. 15. This weld 

extends almost the entire distance
 
between one pivot hole (part No.
 
16) and the other. The weld holds
 
the door to the hinge pin and pre
vents the hinge pin from sliding

out of place.
 

16. 	 Steel bar, 19mm x 2.5cm x 6mm (3/4" 

x 1" x 1/4"). See Figure 13. Four 

are needed. Bore 6mm (1/4") hole 

for the hinge rod as shown. No. 15 

pivots in these holes to make hinges
 
for the doors. Parts No. 16 are
 
welded to part No. 3 in such position
 
as to be as far to the outside edge
 
of the door as possible. It is best
 
to make a trial positioning of the
 
door 	and parts No. 15 and 16 by tack
 
welding No. 16 lightly before weld
ing it permanently. Thrn it is pos
sible to make sure 
thaL 	the door is
 
going to be in such place that the
 
pipe will have its proper position.
 

17. 	 Common nails, 6 penny, with strong

heads. See Figure 14. Four are
 
needed. Connect the nail 
to the
 
spring by a wire through the hole
 
in No. 8. Put the wire through
 
the holes before forming the second
 
end loop.
 

18. 	 Piston, 5cm (2") galvanized pipe,
 
40.6cm (16") long. (The 5cm (2")
 
measurement is the inside diameter
 
of the pipe.) Weld one end shut by
 
bronze welding a metal disc to the
 
end. Then dress lightly in the
 
lathe, making the closed end 0.5im
 
(1/64") smaller than the other.
 
It will serve well without turning,
 
but will be easier to operate it
 
dressed.
 

19. 	 Wire or welding rod, 2mm (3/32")
 
to make the connection between parts

No. 9 and 17. See Figures 2 and 14.
 

Source:
 
A Machine for Making Concrete Tile for
 
-Irrigation and Drainage, by J. Oscar
 
Brown, U.S. Department of Commerce,
 
O.T.S. Information Kit, Vol. 2, No. 2,
 
(November 1961).
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MAKING CONCRETE TILE
 

Using the detailed directions presented 

here for using the "Concrete Tile Machine,"
 
it is possible for one man to make two 

tiles per minute, although a good day's

work would be 300 or more. The mortar 

remains in the form only a few seconds. 

The cement mixture is tamped into the
 
form with a tamper. Then the form is 

immediately turned up-side-down on a
 
(slightly oiled) concrete floor and 

emptied, leaving the tile completed and
 
ready to start its curing process. The 

same general method can be adapted for
 
the wooden tile-making machine in Fig-

ure 15 of the preceding entry.
 

P16r/_kS1w, TILE ._. 

Tools and Materials
 

Fresh Portland Cement
 

Clean sand, screened through a 6mm (1/4")
 
screen
 

Clean water
 

All-metal tile machine
 

Metal tamper
 

Plastering trowel'
 

Work bench
 

Shop with concrete floor
 

One (11-liter) bucket
 

D-handled shovel (square point)
 

Large hoe for mixing cement
 

A strong dust pan with a handle.
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Steps in making tile 


1. Screen the sand and spread 

out 28 liters (1 cubic foot) 

on the shop floor.
 

2. 	Spread 7 liters (1/4 cubic 

foot) cement over the sand. 


3. 	Mix thoroughly with shovel 

and hoe. 


4. 	Spread the pile out and 

scatter the mixing water 

over it. 


5. 	Make the batch into tile 

before 45 minutes of time 

elapses. Put mortar on
 
work bench after mixing. 


6. Fill the form (without the 

pipe) 1/4 full and tamp
 
the ends with two strokes
 
with the (gloved) left 

hand.
 

7. 	Insert the pipe and fill 

the form with mortar.
 

8. 	Tamp the sides of the tile.
 

9. 	Fill the form again. 


10. 	 Turn the tamper over and 

pack the cement again.
 

11. 	 Use the trowel to finish 

the tile. 


12. 	 Carry the tile and form 

to a place where the 

floor has been lightly 

oiled.
 

13. 	 Place the form carefully 

on its side on the floor 

and then tip it quickly to
 
an upside down position.
 

14. 	 Pull out the pipe, turning 

it slightly first. Hold 

the form down with the 

left hand.
 

Important suggestions
 

1. Use 28 liter (1cubic foot) meas
uring box without a bottom.
 

2. 	Measure in the box, filling it
 
1/4 full.
 

3. Turn over the pile four to six
 
times.
 

4. The amount of water will be no
 
more than 2/3 the volume of ce
ment, including any water in
 
the 	damp sand. The mix should
 
be as dry as possible and still
 
be plastic.
 

5. Cement loses its strength if put
 
into the form too long after
 
mixing.
 

6. 	This gives tie tile perfect ends.
 

7. 	One dip with a strong dust pan
 
without a handle.
 

8. 	Three strokes with the iron tamper.
 

9. 	Another dip with dust pan.
 

10. 	 Three strokes with the flat sur
face of the tamper.
 

11. 	 Strike off the surplus with one
 
stroke and leave the surface
 
trowelled level with a second
 
stroke.
 

12. 	 Incarrying the form, do not
 
touch the pipe.
 

13. 	 Hesitation in the middle of the
 
tipping action may cause the
 
mortar to fall out.
 

14. 	 If the pipe is too hard to re
move, it may have irregularities
 
and need to be dressed lightly
 
in the lathe.
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15. 	 Lay the pipe on top of the 

form. 


16. 	 Gripping the sides of the 

form with both hands, push 

down on the levers which 

open the hinged ends and
 
then lift the form off the
 
tile.
 

17. 	 Leave the tile in its place 

on the floor over night. 


18. 	 The next day the tile can be 

picked up by gripping it at 

its middle with the hand. 

Stack the tile at the side 

of the shop to clear the 

center floor space for
 
another day of production.
 

19. 	 When tiles are one day old, 

it is a good time to make 

45-degree ends on such tile 

as have been injured in 

manufacture.
 

20. 	 Keep the tile wet at least 

a week. 


15. 	 This gives the form a slight
 
jar.
 

16. 	 In lifting use leg action and
 
hip action. Bending the elbows
 
may knock an end off the tile.
 

17. 	 Sprinkle very lightly with
 
water if it begins to get dry.
 
To dry at this stage would ruin
 
it.
 

18. 	 The first day, stack only two
 
layers high, as the tile is not
 
strong yet. The second day,
 
they can be stacked as high as
 
desired.
 

19. 	 One needs about 5% (or more) of
 
the tile made with a 45-degree
 
end for use in turning corners
 
in the tile line.
 

20. 	 The strength is increased by
 
each day that the tiles are kept
 
wet.
 

21. 	 Ifyou need further instruction in regard to the fundamental prin
ciples of good concrete construction, study the entries on concrete.
 
The machine used in the tile-making operation outlined above can be
 
manufactured in a good modern farm shop, if the mechanic has the entry
 
"Concrete Tile Machine."
 

Source:
 

A Machine for Making Concrete Tile for Irrigation and Drainage, by
 
J. Uscar Brown, U.S. Department of Commerce, U.I.S. Information Kit,
 
Vol. 2, No. 2 (November 1961).
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Seeds and Weeds 

SEED CLEANER
 

This seed cleaner was developed in
 
Afghanistan to remove round seeds of
 
weeds from wheat grains. The round
 
seeds could not be separated by a sieve 

because they were the same size as the
 
wheat grains. The cleaner described
 
here takes advantage of the round 

shape of the weed seeds to separate 

them from the wheat. lhe wheat grains, 

which roll down the chute slowly, col-

lect at the base of the inclined plat
form ('Y' in Figure 1); while the round 
seeds roll faster and fall off the side 
opposite the chute ("y" in Figure I). 

Tools and Materials: 


Hammer 
Saw 

Nails or screws 


Inclined Platform ---

Galvanized iron sheet: 70cm x 70cm 

(2'3" x 2131) 

Wood: 2cm x 4cm x 68cm (4 pieces) 

(3/4" x 1 1/2" x 2'2 3/4") 

Wood: 2cm x 4cm x 25cm (1 piece) 
(3/4" x 1 1/2" x 10") 

Attached to platform to support 

chute 

Wood: 2cm x 8cm x 34cm (2 pieces)
(3/4" x 3" x '3 1/2") 

Legs for platform 

Chute
 

Galvanized iron sheet: 24cm x 140cm 
(9 1/2" x 4'7") 

Wood: 	 2cm x 8cm x 80cm (1 piece) 
(3/4" x 3" x 2'7") 

Wood: 	 2cm x 8cm x 80cm (l piece) 
(3/4" x 3" x 12") 
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Make the chute and the inclined plal
form as 	 shown in Figure 1. 

The chute is attached at the top to
 
the 80cm (2'7") support by nails whosc 
heads have been removed. This makes 1 
easy to remove the chute when it is n( 
being used. The chute's lower end sil
 
on the 2cm x 4cm x 25cm (3/4" x 1 1/2'
 
x 10") support attached to the platfoi
 

The seed should first be cleaned wit
 
sieves to remove as much dirt and chal
 
as possible. To use the seed cleaner,

drop the seed very slowly onto the toF
 
of the chute.
 

Source: 	Dale Fritz, VITA Volunteer,
 
Washington,D.C.
 



SEED CLEANING SIEVES
 

An important step for improving crop 

production is the effective cleaning

of crop seeds. The sieves described 

here have been found effective in many

countries, 


Tools and Materials 


Wood: 	 12 pieces: 2.5cm x 5cm x 46cm 

0l" x 2" x 18") 


Wood strips: 12: 1cm x 2.5cm x 43.5cm 

(1/2" x I" x 17") 


Galvanized screen: 

6mm (1/4") mesh: 46cm (18") square 

5mm (3/16") mesh: 46cm (18") square 

3mm (1/8") mesh: 46cm (18") square 

Hammer 

Saw 

Nails 

GALVANIZED WIAE 

" -3 Cl NAIS. S PER 
'-46 46C ,cR /I1NA 

For construction details, see Figure 1.
 

The exact size of these sieves is not
 
important, but 3mm (1/8"), 5mm (3/16")

and 6mm 11/4") mesh make convenient sizes
 
for cleaning wheat, barley, corn and
 
seeds of similar size. The sieves are
 
also useful for grading certain seeds.
 
Grading consists of removing the small,
 
weak seeds which will produce small

weak plants or will not grow at all.
 
Less seed can be planted per acre, if
 
it is properly cleaned and graded, and
 
still produce a good crop.
 

Source:
 

Dale Fritz, VITA Volunteer,
 
Washington, D.C.
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DRYING GRAIN WITH WOODEN BLOCKS
 

Small blocks of wood treated with cal
cium chloride, a low-cost chemical, can
 
be used to dry grain. The blocks, which
 
absorb moisture from the grain, can be
 
used repeatedly by drying them in an
 
oven after use. The blocks can absorb
 
water up to one-fourth their weight.
 

In a test using balsa blocks, the
 
moisture content of grain dropped from 

17 percent to 12 percent in three days. 

The blocks were not dried at this point; 

in the next five days, moisture content
 
did not change. The blocks were then
 
dried in an oven and put back in with
 
the grain. Three more days of drying 

brought the moisture content down to 10
 
percent, at which grain resists mold and 

insects.
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Tools and Materials
 

Balsa or cedar: Cedar absorbs water anc
 
is durable. Balsa absorbs more water,
 

it breaks easily. Other woods
 
can also be used.
 

Calcium chloride (CaCI2): Add enough to
 
a liter of water to make the solution
 
weigh 1.2kg (or to a quart of water tc
 
make the solution weigh 2.5 pounds).
 

Waterproof chest which will keep out va
por, to dry and store the grain. A
 
steel drum or sheet metal cabinet woul
 
be good. A wooden chest can be used
 
if it is vapor-proof, as in Figures I, 
2 and 3.
 

Saw
 

Coarse Screen: 2.5cm (1") mesh
 

Preparing the dlocks
 

1. Cut the wooden blocks so that as
 

much as possible of the surface
 
is end grain. A good size is 3cm
 
x 3cm x 0.75cm (1" x I" x 1/2").
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2. Dry the blocks in a 
90 to 100C.
 
(194 to 212F.) oven or double
 
boiler to remove all moisture (see

Figures 4 and 5).
 

3. Cook the blocks in the calcium chlo
ride solution for four hours at 
a
temperature just below the boiling

point, 100C. (212F.) 


4. Let the solution cool; let the
blocks soak in the solution foI
 
hours.
 

5. Dry the blocks again as in Step 2.
 

6. When the blocks are dry, wipe off
 
any calcium chloride on their sur
face before putting them in the
 
grain.
 

7. Mix the blocks with grain in
a con
tainer. 
 The blocks should be
spaced throughout the container so
that the grain will dry evenly in
the shortest time possible. The 

blocks should not take up more than 

10 percent of the container's space. 

Small containers (see Figure 1)are
 
helpful when there are several
 
kinds of grain to dry. They also
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make it easier to remove and replace

the blocks. These containers are
 
placed in the waterproof chest.
 

8. After three to five days, 
remove
 
the blocks. 
 They can be separated
from the grain easily with a coarse
 
screen. 
 Dry the blocks as in Step

2.
 

9. Continue re-drying the blocks and
 
placing them back in the grain until

the blocks no longer absorb moisture.
 
To find out when this point is
reached, weigh the blocks after
three or four days in the grain:
 
if they weigh the same as 
dry blocks,
 
the grain is dry.
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Source:
 

Grain Drying and Storage for Warm, Humid
 
Climates by Norton C. Ives (TurTralba,

Costa Rica: Inter-American Institute
 
of Agricultural Sciences, 1951).
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BUCKET SPRAYER
 

The bucket sprayer described here has

been designed primarily to meet the need 
 7~QvA
for a sprayer which can be built in an
 
area where production facilities are
 
limited. This sprayer, which can be 	 Ft_
I Mmade by the local artisans, is intended
only for water solutions of insecticides 
 1
or fungicides.
 

The sprdyer has been found useful in
 
Afghanistan.
 

Two people operate it: one sprays A141M6F
 
while the other pumps. 
 SA4I BOLT
 

3.5Cm LONG 	 /C" LON6Tools and Materials 
 TO S -6uRH
 

Galvanized iron 30cm x 30cm (1'x 1')
plus 10cm x 20cm (4"x 8") 


- '
 
Barrel metal 10cm x 20cm (4"x 8") 
 WOOE1 
 O /PA' 

Y4PE7
6mm (1/4") hose (high pressure) 4m (13') 


6mm (1/4") pipe (truck brake line may
be used) 50cm (19 5/8") 
 -/ V'
 

Wood for handle 2cm x 15cm x 30cm (3/4" x
 
6" x 12")
 

2.5cm (1") Galvanized iron pipe (thin
walled) 120cm (4') long
 

rubber is
4mm (5/32") wire: 20cm (8") 	 over a hole in the pipe. Some
careful adjustment is necessary when
 
placing the rubber to make sure it works
Truck inner-tube material:
x 10cm 20cm properly and does not leak.
 

(4"1 x 8"1)
 
1mm (1/32") Galvanized wire: 	 The pressure tank encloses the valve
30cm (12") assembly and, as the liquid is pumped
 
4 5mm (3/16") bolts, 1cm (3/8") long 	

into the tank, builds up pressure sufficient to operate the simple disk type
 
2 5mm (3/16") bolts, 3.5cm (13/8") long 	

spray nozzle. The tank is built so that
it can be removed in order to service
 
the valve.
The sprayer pump operates on the same
principle as the Inertia Pump (see page 
 The length of the hose 
can be deter97). The top of the 2.5cm (1") iron 
 mined by the maker of the sprayer but
pipe is plugged and a simple valve is 
 it should be about 4m (13')
located 8cm (31/8") from the top. 	 to allow the
The man doing the spraying to cover quite a
valve is
a piece of truck inner-tube 
 large area before having to move the
rubber wrapped around the pipe and held 
 bucket. Also, the length of the small
in place by wire. One corner of the 
 pipe and the angle of the spray nozzle
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being sprayed. 

At times it will be necessary to
 
"prime" the sprayer pump: if the valve
 
rubber is too tight and the air cannot
 
be forced through the valve, or if the
 
rubber is stuck to the pipe. To prime


FLGZa the pump turn itup-side-down and fill

PJWP cR5i5 the pipe with water. Holding your


CT._oN thumb over the pipe, turn the pump 
over, lower it into the bucket of liq
uid and start pumping in the usual man
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ner. Ifpriming does not start the Source:
 
pump itwill then be necessary to remove
 
the pressure tank to inspect and repair Dale Fritz, VITA Volunteer,

rhe valve. Washington, D.C.
 

Only very clean water should be used
 
to make the mixture for spraying. It
 
should be strained through a cloth after
 
mixing to remove any particles which
 
might cause the nozzle to plug. If a
 
very fine brass screen is available, it
 
should be put in the nozzle to keep the
 
dirt from plugging the holes.
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BACKPACK CROP DUSTER
 

The 	backpack duster described here, 

designed so that it can be easily made 

by tinsmiths, has been used by Afghan 

farmers to dust sulfur on their grapes 

to control powdery mildew. The duster 

is made from easily available materials. 

Its 	feed rate is adjustable (see Fig-

ure 	1). 


The springs needed for the duster 

can be made with the simple spring winder 

shown in the following entry. 


Tools and Materials 


Soldering equipment 


Sheet-metal working tools 


Carpentry tools 


How 	the Duster Operates 


In operating the duster, the rod (23)

is used to pump the inner-tube bellows, 

which pivots about point A (see Figure

1). 


Air is admitted to the bellows through
 
valve (4), also made of innertube rubber, 

and passes down the pipe (18). A meas-

ured amount of dust is injected into pipe

(18) at point B. The feed mechanism 

consists of a 6mm (1/4") rod (7)covered
 
by a spring (17). As the bellows is 

worked up and down, the rod and spring 

go in and out of the hole (at point B)
 
in the delivery pipe (18). The dust 

lodges between the loops of the spring
 
and is carried into the pipe. The amount 

of dust delivered is controlled by stretch-

ing the spring on the rod so that there 

is more space between the loops. The
 
greater the space between the loops, 

the greater the amount of dust carried 

into the pipe. An easily adjustable 

clamp (13) and (14) is provided on the
 
rod to regulate the amount of dust applied
 
to the plants. The air-dust mixture is
 
blown out the delivery pipe at (24).
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The bellows of the duster ismade from
 
truck inner-tube rubber. There are sev
eral sizes of inner tubes. If the size
 
shown in the list of parts is not used,
 
the 	diameter of the hopper must be ad
justed to the size of the tubes avail
able. The hopper is made from galvanized
 
tin, from 24 to 28 gage.
 

In the illustrations, the feeder rod
 
(7)is shown as being straight. However,
 
it is necessary to bend the rod to allow
 
it to work in and out of the hole in the
 
delivery pipe without binding.
 

To fill the duster, slip the bellows
 
off of the top of the hopper. The hopper
 
must not be filled above the top of the
 
delivery pipe. The top of the delivery
 
pipe (18) is cut so as to prevent dust
 
from spilling in the tube during filling,
 
and to provide a means for fastening it
 
to the hopper (19).
 

Adjusting the Duster
 

To increase the amount of dust being
 
applied:
 

1. 	Slip the bellows (8)off of the top
 
of the hopper (19).
 

2. 	Loosen the bolt (13).
 

3. 	Pull up on the cldmp (14) stretching
 
the spring (17).
 

4. 	Tighten the bolt (13).
 

5. Replace the bellows and test the
 
amount of dust delivered to see if
 
it is satisfactory.
 

To decrease the amount of dust, the pro
cedure is the same except that the clamp
 
is pushed down on the rod.
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Part 
No. Name 

1 Bellows 
Support 

2 Screws 

3 Bellows 
Plug 

4 Valve 

5 Screws 

6 Feeder Rod 
Anchor 

7 Feeder 
Rod 

8 Bellows 

9 Bellows 
Support 

10 Brace 

11 Nails 

12 Rivets 

13 Bolt 

14 Clamp 

15 Nut 

16 Agitator 
Spring 

17 Feeder 
Spring 

18 Pipe 

19 Hopper 

20 Floor 

Material 


Wood 


Wood 


Rubber 


Barrel 

Metal
 

6mm (1/4") rod 


Truck inner-

tube rubber 


Barrel 

metal
 

Galvanized tin 


6mm (1/4") rod 


Barrel metal 


6mm (1/4") nut 


Tire bead wire 


Tire bead wire 


Galvanized tin 


Galvanized tin 


Galvanized tin 


Description
 

38cm x 7cm x 2cm (15" x 2 3/4" x 3/4"),
 

4cm (1 9/16") long.
 

22cm (8 5/8") in diameter, 2.5cm (1")
 
thick.
 

4cm x 5cm (1 9/16" x 2") see Figure 2.
 

2cm (3/4") long.
 

See Figure 3.
 

See Figure 3. Total length 50cm
 
(19 3/4").
 

30cm (12") long on long side. Ti'be
 
measures 29cm (11 3/8") from edge when
 
laid flat.
 

20cm (8") long. See Figure 4.
 

33cm (13") long. See Figure 4.
 

3cm (13/16") long.
 

See Figure 5.
 

See Figure 5.
 

See Figure 5.
 

3.5cm (1 3/4") diameter. See Figure 6.
 

9mm (11/32") diameter. See Figure 3.
 

3.5cm (1 3/4") diameter, 71cm (28")
 
long. See Figures 6 and 7.
 

22cm (85/8") diameter, 48cm (18 7/8")
 
high. See Figure 7.
 

Make to fit. See Figure 7.
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21 	 Strap Galvanized 4mm (5/32") diameter. Soldered to
 
Holder wire hopper.
 

22 Strap Webbing 	 6cm (2 3/8") wide, 3m (9'10") long.
 
Tied at waist.
 

23 Handle 	 8mm (5/16") Total length 1 meter (39 3/8").
 
rod
 

24 Pipe 	 Galvanized 3.5cm (1 3/4") diameter, 140cm (55 1/4")
 
tin long. See Figures 1, 6 and 8.
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SPRING WINDER
 

This method for winding springs can be 

used to make springs of any size. Fig
ures 1 and 2 show spring winders for
 
springs which will be the right size for 

use in the Backpack Crop Duster described
 
in the preceding entry. 

Tools and Materials 

Drill
 

Drill bit: 2mm (1/12")
 

Drill bit: 6mm (1/4") 

Drill bit: 12.5mm (1/2") 


Wood: 10cm x 10cm x lm (4"x 4" x 39") 

Metal rod: 6mm (1/4") by Im (39") long 

Metal pipe: 12.5mm (1/2") by 30cm (12")
long 


4 small nails 


Steel spring wire 


,P/GURE / 
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Spring Wire
 

A good source of spring wire is from the
 
bead of an old tire. The rubber should
 
not be burned off as this destroys the
spring-strength of the wire. 

Making the Winders
 

A 6mm (1/4") hole is drilled in one end
 
of the wood block and a 2mm (1/12") hole
 
is drilled in the other end. A 12.5mm
 
(1/2") hole is drilled through the 6mm
 
(1/4") rod and through the 12.5mm (1/2")
pipe to insert the end of the wire. A
 
6mm (1/4") hole is drilled through the
 
12.5mm (1/2") pipe to hold the winding
 
handle. Drive two nails close together,

about 1.5mm to 2mm (1/12" to 1/16") from
 
each hole in the wood block. Put the
 
pieces together as shown in Figures 1
 
and 2.
 

The wire is fed through the nail wire 
guide and then through the 1/12 inch hole 
in the rod or pipe spool. The spool is 
then turned in a clockwise direction until the desired length of spring is wound.
 
The springs for the backpack duster are
 
9mm (11/32") from the 6mm (1/4") spool

and 3.5cm (1 3/8") from the 2.5cm (1/2")
 
spool.
 

Source:
 

Dale Fritz, VITA Volunteer,
 
Washington, D.C.
 



Poultry Raising 

Brooder with Corral for 200 Chicks
 

This brooder (see Figure 1) ishinged uar electric light bulb, placed under
 
for easy access to corral and brooder, the brooder floor. Depending on the tern-

The brooder has been used successfully perature rise required, the wattage of

in Ecuador and elsewhere to raise broilers 
 the light bulb will have to be chosen by

for a cash crop. experimentation. The metal floor and
 

roof prevent predators such as rats fromThis chick brooder is heated by a reg-
 entering the brooder. Ifelectric power
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is not available, an excavation can be 

made for a lantern. Be sure the lan-

tern has adequate ventilation.
 

Tools and Materials 


Small carpentry tools 


Hardware cloth 1.2 x 2m (4'x 6' 6 3/4"), 

2 pieces this size needed.
 

Aluminum roofing: 

1 piece: 1.2m x 1.6m (4'x 5'3") 

1 piece: 1.2m x 1.7m (4'x 5'7")] 

Wood, approximately 30cm x 2cm x 20m (1' x 

3/4" x 65'8") 


Steel rod 1cm (3/8") diameter x 3.2m (10'

6") 

4 hinges about 8cm (3 1/8") long
 

Woodscrews for hinges 


2 buckets clean dry sand 

Nails, tacks, staples 


Source: 

Article by George Kreps in RuraT Missions, 


Issue #122, published by Agricultural 

Missions, Inc. 


Paraffin (Kerosene) Lamp Brooder for 75
 
to 100 Chicks
 

This brooder was used by more than 300
 
farmers in eastern Nige-ia:. The earlier
 
design was modified later: several holes
 
were drilled in the legs which were
 
bolted; this made it possible to vary

the height of the brooder.
 

1. 	Nail legs to side (see Figure 2).
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, 	 f
 
L Z XC 

2.5 5x 80CH. (S/')2.5X 	'7 x 28 CM. (LEG) 

F/6SRE2. THlE IE455ARE MAIIEO 
To rOsozs. 

2. 	Assemble and nail 
top 	support rails
 
1cm (3/8") below the upper edge of

the sides (see Figure 3).
 

3. 	Make the top of plywood, sheet metal
 
or wooden boards so that the top
 
fits inside the frame and rests on
 
the support rails (see Figure 4).
The hole in the center of the top is
for ventilation. A swinging metal
 

cover regulates the size of the
 
opening.
 

4. 	A bush or hurricane lamp is placed
 
inside wire mesh or a perforated tin
 
can to protect the chicks and to
 
help radiate the heat (see Figure
 
5).
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The dimensions given in the illustra
tions can be altered slightly to use 

available materials.
 

The wicks of the lanterns should be 

cleaned daily to cut down on soot. 


Source:
 

W. H. McCluskey, Poultry Science Depart
ment, Oregon State University, Corvallis. 

Brooder for 300 Chicks
 

This brooder (see Figure 6) is similar
 

to the other two brooders. It can be
 
used with either lanterns or electric
 
liyht bulbs. If lanterns are used, their
 
wicks should be cleaned daily. Con
struction details are given in Figure
 
7. 

Source:
 

"Brooder for 300 Chicks," by W. W.
 
Stopper, Poultry Advisor, U.S. Techni
cal Cooperation Mission to India, New
 
Delhi (mimeo).
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BAMBOO POULTRY HOUSE
 

This bamboo poultry house has a thatch 

roof and slat walls to provide good yen-

tilation. The elevated slat floor keeps

chickens clean and healthy while the egg 

catch and feed troughs simplify mainte-

nance.
 

The poultry house which costs nothing

but labor to build, is certain to pro-

duce healthier, more productive chickens.
 
It has been used successfully in the
 
Philippines and Liberia.
 

Tools and Materials
 

Bamboo
 

Nails
 

Thatching materials
 

Small tools
 

House 


The house is built on a frame of small
 
poles, with floor poles raised about lm
 
(3') from the ground. (See section on
 
construction with bamboo, p. 302). The
 
floor poles are covered with large bam
boo stalks, split into strips 38mm
 
(1 1/2") wide, spaced 38mm (1 1/2") 

apart. Floors so constructed have sever
al advantages: better ventilation, no
 
problem of wet moldy litter during

rainy season or dry dusty litter during

dry season; droppings fall between split 

reeds to ground away from chickens.
 
This eliminated parasites and diseases
 
normally passed from hen to hen through 


droppings remaining warm and moist in
 
litter. However, ithas been suggested
 
that wide spacing of floor and wall
 
slats might invite marauders such as
 
weasels and snakes.
 

Tin shields on the suppo,'t poles will
 
keep rats and other pests from climbing

(see Figure 2).
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Walls are made from vertical strips of

bamboo 38mm (1 1/2") wide, spaced 6cm to 

8cm (2 1/2" to 3") apart. This also 

allows ample ventilation, needed to 

furnish oxygen to the chickens and to 

allow evaporation of excess moisture 

produced in the droppings. In the 

tropics the problem is to keep chickens 

cool, not warm. Using a closed or tightwalled poultry house with a solid floor 

would keep them too warm did result in 

lowered production and increased res-

piratory problems. Shade over and 

around these houses is very important. 

If the ground around the houses is not 

shaded, heat will bounce into the

houses. 


Roof 


The roof must protect the chickens 

from the weather. In Liberia thatch 

roofing keeps the birds cool, 
but it 

must be replaced more often than most 

other materials. Since it is cheap and 

readily available to the small farmer 

or rural family, it is most likely to

be used. Aluminum, which reflects the 

heat of the sun, and asbestos, an effi-

cient insulator, are desirable roofing

materials in the tropics. 
 Zinc, which 

is commo,.ly used to roof houses in 

Liberia, is undesirable for chicken 

houses because it is an efficient con-

ductor of heat. 


Whatever the roofing material, the 

roof must have an overhang of lm (3') 
 on 

all sides to prevent rain from blowing

inside the house. Itmay be desirable 

to slope the overhang toward the ground. 

Feeders 


Feeders and waterers are made from 

10cm to 12.5cm (4"to 5") diameter bam-

boo of the desired length (see Figure 1).

A node or joint must be left intact in 

each end of the bamboo section to keep 


the feed or water in. A section 7,5cm

to 10cm (3"to 4") wide around half the
 
circumference of the bamboo, except for
 
7.5cm (3") sections on the ends, is 
re
moved to make a kind of trough. All
 
nodes between the ends are removed.
 
These feeders must be fastened at the
 
base, to keep them from rolling.
 

The feeders ire fastened to the outside
 
of the walls about 15cm (6") above floor
 
level. 
 The hens place their heads through

the bamboo strips to feed or drink, thus
 
conserving floor space for additional
 
chickens.
 

Nests
 

The demonstration nests are 38cm (15")
 
long, 30cm (12") wide, and 35.5cm (14")
high (see Figure 3). The strips used on
 
the floor of the nest are about 13mm
 
(1/2") wide, spaced 13mm (1/2") apart,

and must be very smooth. The floor slopes

13mm (1/2") from front to back, 
so that
 
when the eggs are laid they will roll to
 
the back of the nest. An opening 5cm (2")

high at the back of the nest allows the
 
eggs to roll out of the nest into an egg

catch (see Figure 1). This type of nest
 
results in cleaner eggs and fewer broken
 
eggs. It also yields better quality eggs

because they begin to cool 
as soon as
 
they roll out of the nest. In addition,

the eggs are outside the nest where egg
eating hens cannot reach them. 
Placing

the egg catch so it protrudes outside the
 
wall of the house allows the eggs to be
 
gathered from outside. Placing the
 
nests 1 meter (3') above the floor con
serves 
floor space and permits more lay
ing hens to be placed in the laying house.
One nest is put in for every five hens.
 

In laying houses, nests are also con
structed of split bamboo for unobstructed
 
ventilation. Conventional lumber nests
 
are hotter; this may cause hens to lay
 
eggs on the floor instead of in the nests.
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This means more dirty eggs, more broken 

eggs, and more likelihood of the hens 

eating the broken eggs. The only way to
 
cure a hen of eating eggs once the habit 

is formed, is to kill her. In addition, 
as the hens enter the nests they sit on 

eggs laid previously by other hens, 

keeping them warm. The quality of eggs 


POazfrV oYE 

deteriorates very fast under these con
ditions.
 

Source:
 

USAID, Monrovia, Liberia, described in
 
OTS Information Kit, Vol. I,No. 5, May
 
1961.
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EARTH BORER
 

This simple, lightweight inexpensive
 
earth borer developed in India can be
 
used for digging post holes, latrine
 
holes and in fact any hole with a
 
diameter from 20cm (8") to 61cm (24")
 
or even larger. Itworks well only
 
in certain types of soil.
 

The borer can be used fo, making
 
holes up to 4.5m (15') deep. A steel
pipe handle would increase this to about
 
7.6m (25').
 

A similar earth borer, the Ulti-Balti,
 
is manufactured by the Agricultural
 
Development Society, P.O. Naini,
 
Allahabad, U.P., India.
 

Tools and Materials
 

Pole: 4.5m (15') to 5.5m (18') long,
 
38mm (1 1/2") in diameter. Bamboo
 
will serve, but is not very strong.
 
2.5cm (1") diameter pipe would be
 
good.
 

Barrel metal: 23cm x 63.5cm (9"x
 
25"), for blade. (Tough steel
 
1.5mm (1/16") thick is better.)a
 

Strap iron: 6mm x 2.5cm x 28cm (1/4" 

x i" x I1"), 2 pieces.
 

2 	Machine bolts: 10mm x 5cm (3/8"
 
x 2") with nuts and lockwashers,
 
for attaching handle to straps.
 

4 	Machine bolts: 10mm (3/8") in
 
diameter and 19mm (3/4") long with
 
nuts and lockwashers for attaching
 
straps to blade.
 

8 Iron rivets: 6mm (1/4") in diameter
 
and 10mm (3/8") long, to fasten blade
 
seam. 


Drill, with 6mm (1/4") and 10mm (3/8")
 
bits. (If a drill is not available, 

holes in the seam of the blade can 

be punched.) 

Hammer and anvil Heavy tinsnips 
Wrench File 

248
 

0
 

Making the Earth Borer
 

1. Trace the outline of Figure 2 on
 
the metal, and cut the blade to shape.
 
Mark the locations for bolt holes for
 
attaching the straps. (The straps can
 
be riveted with 8 rivets rather than
 
bolted with 4 bolts.)
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2. Drill the 10mm (3/8") diameter 

holes for the strap bolts.
 

3. Bend the blade into an open cone,

15.2cm (6") diameter at the top and 

17.8cm (7") diameter at the bottom, with 

a 2.5cm (1") overlap and rivet or braze. 


4. Mark the location for the holes in 

the end of the straps from the holes 

already drilled in the blade to be sure 

they will line up. 


5. Drill the holes in the straps to
 
attach to the blade.
 

6. Bend the straps to shape and bolt 

on to the outside of the blade, 


7. Drill the holes for attaching the 

handle with the bamboo in place to
 
insure that these holes line up and that 

the mounted handle will be straight.
 

8. Mount the handle, and file off any 

rough spots or sharp corners. 


T~v 2,, C 

I 
CJA 

5m 0 

Using the Earth Borer
 

To work with the earth borer, clear
the site of weeds and dig a shallow
 
hole of the proper diameter. Bring

the borer down into the hole with
 
force, then raise it; repeat this up
 
and down motion until the borer fills
with soil. Because the blade tapers

toward the top, dirt is held tightly

inside the cutter. Once the borer is
 
full, remove it from the hole, empty
 
it and repeat the operation. 

For holes with diameters larger

than that of the borer, move the blade
 
around on different strokes to cover

the whole area.
 

Source:
 

Mason Vaugh, VITA Volunteer, Wooster,
Ohio. Agricultural DevelopmentSociety
 
Catalog.
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Silage for Dairy Cows 
The small dairy farmer who maintains
 

five or six cows on two or three hect
ares (four or five acres) of fodder and 

pasture grass isusually faced with aV
 
serious decline in milk production dur
ing dry or cold periods. The decline
 
in milk production is invariably the
 
result of the seasonal scarcity of 

fresh, succulent, nutritious feed. The 

absence of good feed usually means that 

cows are obliged to eat dry, strawy, 

weedy grass which not only lacks nutri
tive value, but often causes digestive

troubles, constipation, and difficult
 
birth. All these troubles can be com-

pletely eliminated from the farm, easily 

and cheaply; good health and a high lev-

el of production can be maintained--by 

the use of silage. 


Silage can be stored in permanent or 

temporary silos. Permanent silos can 

be either upright tower-shaped structures 

(see Figure 1) or horizontal, like the
 
trench silo (see Figures 2, 3 and 4).

Upright stack silos (see Figure 5) and
 
fence silos are examples of temporary

silos. The use of successive rings of
 
fencing is becoming widespread; these
 
silos can be lined with plastic or 

paper or they can be unlined. Many 

farmers have saved the money needed for
 
permanent silos by using temporary si-

los for several years. 


Losses of silage vary with the type 

of silo, the crop ensiled, its stage

of maturity and moisture content, fine-

ness of chopping and the extent to which 

air and water have been excluded from 

the silage. Losses run from 5 to 20 

percent in permanent upright silos;

from 10 to 30 percent in permanent 

horizontal silos; from 15 to 50 per-

cent in temporary trench, fence and 

stack silos. 


A silo should be located near the barn 

to keep to a minimum the time and labor 

involved in feeding. 
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Detailed instructions on silo building
 
are given in:
 

"Farm Silos," Miscellaneous Pub
lication No. 810, Agricultural
 
Research Service, U.S. Depart
ment of Agriculture, 1967 (re
vised). For sale by the Super
intendent of Documents, U.S.
 
Government Printing Office,
 
Washington, D.C. 20402. Price
 
20 cents.
 

It is not worth while to make a silo
 
of less than four tons capacity, except

under very special conditions. Spoilage

in smaller silos is often excessive. A
 
cow of average size not provided with
 
any other fodder will consume about 23kg

(50 pounds) of silage in 24 hours; on
 
this basis a farmer knowing the number
 
of cows to be provided for and the ap
proximate length of the period during
 



which silage is 
to be used, may estimate 

the quantity needed; for example: 


20 cows @23kg 

(50 pounds) 

per day for

90 days 41,400kg (90,000 pounds) 


5 heifers @14kg 

(30 pounds) 

per day for 

90 days 6,300kg ( 13,500 pounds) 


5 calves @7kg 

(15 pounds)

per day for 

90 days 3,150kg ( 6,750 pounds) 


50,850kg (110,250 pounds) 


51 metric tons (56 short tons) 
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The bare requirements would be 51 met
ric tons (56 short tons) of silage, and
 
an allowance for wastage should be added.
The tables may be used to estimate the
 
dimensions of a silo.
 

A silo of ten tons capacity or less
 
should be filled in two operations,
that is,on two separate days with two
 
or three days between operations. Sim
ilarly, a larger silo should be filled
 
in proportionate operations, though

this is not so essential as with the
 
smaller size.
 

Material for silage varies consider
ably: Corn, guinea corn, sugar cane
 
leaves, uba cane leaves, napier grass,

guatemala grass may be used singly or
 
inmixtures; the important point to be
borne in mind is that the material
 



nutritious than grass silage can be pro-

Approximate 

Kilograms

(Pounds) of


Dimensions in Meters (Feet) Silage PerTop Bottom 30cm (1')',•Width Width t of Length 

2.4 8 1.8 6) 1.8 6 756 1680)
3 10 2.1(7 1.8 6 918 2040)
3.7,12 
 2.4 8 6 1080 24002.42.4 8 1.8 6 2.17 8822. 2.1(7 1960)8 8821960) 
3 0) 2.( .73.7 12) 2.4( 8 2.1 7 1071 2380)1260 2800)
3 10 1.8( 6 2.4 8 1152 25601

3.7 12 2.41 8 2.4 8 1440 3200)
4.3 14 3 10 2.4(8 1728 3840j 

Table 1. Trench silo capacities 


should be young, fresh and green. Uba

and sugar cane should be cut before 
the stem is formed, guinea grass should 

be cut before flowering and seeding

takes place; napier, guatemala, and 

elephant should be cut while the stems 

are 
still tender and green. If only

fresh, leafy growth described above is 

used, there is no need for chopping 

the material as it is brought to the 

silo. It should be scattered thinly

over the entire surface of the silo, and 

should be constantly trampled to cause 

consolidation. Trampling close to the 

walls is especially important. 


Silage which is considerably more 


Inside
 

auced by combining fresh young legumi
nous fodders with grass when filling
of the silo. Cow peas, edua peas, soya

beans, Bengal beans, and St. Vincent
 
plum fodders have been
cess at the used with suclevel of 20-25% of the

total bulk. But this material must be

chopped. 

The use of molasses is recommended
 

in all silos, for increased palatability,

increased nutritive value, and in the
 case of young grasses, or silage with
leguminous mixtures, as an aid to the 
essential fermentation. Molasses should

be used at the rate of 10kg per metric 
ton (20 pounds per ton) of grass mate
rial, as follows: if the material is
 
wet with rain or dew, add two parts of 
water to one of molasses before appli
cation; if the material is dry, add four 
parts of water to one of molasses. As
 
each layer of material, several centi
meters or a few inches thick, is laid
 
down, sprinkle on the molasses-water
 
mixture, unless a 
blower with a contin
uous molasses sprayer attached is used.
 
In leguminous mixtures 25% more molasses
 
should be used.
 

When it is not possible to obtain
 
young, fresh material, and older mate
rial must be used, then chopping is es
sential. Onct, the material has been
 
chopped the remaining operations are
similar to those described above, with
 

Diameter 
 Depth of Silage inMeters
 
of Silo

in Meters 2.4 3 3.7 4.3 4.9 5.5 6.1 6.7 7.3 7.9 8.5 9.1 

3 9.9 12.6 15.3 18 20.7 23.4 25.2 28.8 31.5 35.1 37.8 42.3
3.7 14.4 18 21.6 26.1 29.7 34.2 36 40.5 45 
 49.5 54.9 60.3
4.3 18.9 24.3 29.7 35.1 40.5 45.9 48.6 54.9 
 61.2 67.5 74.7 81.9
4.9 25.2 31.5 38.7 45.9 53.1 61.3 63.9 
72 81 88.2
 

Table 2. Number of metric tons of silage ina vertical silo.
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the exception that only 6kg of molasses 

need be used per metric ton (12 pounds 

per ton) of grass material plus 35% 

more if legumes are included, 


After a silo has been filled level 

with the top and has been thoroughly 

trampled, the silage will settle grad-

ually cver a period of several days,

bringing the need for refilling once 

or perhaps twice to compensate for 

shrinkage. After the final refill a
 
thick layer of dried grass should 

be laid over the silage and trampled 

down; finally, a few heavy logs laid 

over the dried layer will assist con-

solidation. A pointed roof over the 

silo with eaves reaching down below 

the rim will shed rain water, 


5RlqOOV O/TCq, ro oDvIer
5UR'qco WA r'R FROM 

Silage made in the spring of the year
 
when grass isyoung and nutritious will
 
keep perfectly until the winter or
 
drought period comes; then it is possi
ble to supply cows with feed every bit
 
as nutritious and as palatable as
 
fresh grass in the natural state. It
 
is true that some cows do not take
 
naturally and readily to silage, but
 
they may be taught to consume itwith
 
relish.
 

When a silo is opened to feed cows,
 
logs and the dried grass layer should
 
be removed. It is commonly found that
 
a layer of silage several centimeters
 
(a few inches) thick from the top down
wards will have spoiled--turned black
 
or slimy with white streaks of fungus
 

O/Rr RZ~MOVEO.
 

FZOOR OF TRENCH S/O SA1O/LO 8E 5ZOPE fZ2--
'4Our 3M PRq /,fM OF 5/Lo .EM&7W 4"O-e J 
GO00 .Ogl/MGE. 

WARNING -- GAS DANGER IN SILOS
 

Suffocating and, in some cases, poi-

sonous gas may be present around silos. 

Suffocating gas from fermenting silage, 

mostly carbon dioxide, forms in all si-

los shortly after filling begins and
 
continues until fermentation stops. 

Poisonous gas, when present, is nitrogen

dioxide. Its color and density vary 

with temperature. At room temperature 

it is orange yellow and 2 1/2 times as 

heavy as air. As the temperaLure rises, 

its color becomes darker and its density 

becomes lighter. The gas being heavier 

than air, collects and remains in any 

depression or enclosed space when there
 

is no strong, free movement of air.
 
Danger of nitrogen dioxide gas occurs
 
only during filling and for about a
 
week after.
 

Many lives have been lost because
 
of carelessness in entering a silo where
 
there may be danger of gas. Gas is a
 
particular hazard in belowground silos.
 
To stir the air in a silo, tie a rope
 
to a basket, a blanket, a large piece
 
of canvas or a tree branch and thLn drop

it into the silo and raise it a number
 
of times.
 



/5"A 0/iC 5~nZ P 

3M o .61 OF .5ZOPE PER
Pt O0R C O'wvN- ', /.244 OEPrH OP= 5/to wV tL 

here and there. This should be thrown Source:
 
away.
 The Farmer's Guide Jamaica Agricultural
 

The color of the good silage exposed Society, Kingston, Jamaica, 1962 and
 
below may be green, yellow-green, or Marvin D. Van Peursem, VITA Volunteer,
 
brownish-green, and itwill have a Newton, Iowa
 
strong pleasant smell; there will be
 
no sliminess or streaks of fungus. The
 
silage may be fed at will to cattle,
 

" 
supply should be removed from the whole I
care being taken only that each day's 'tlu,'"llft,," 1 -1, 

surface of the silage rather than from 
one spot; in this way an even surface t 
will be maintained and no one section j.
will be over-exposed to air. After 
each day's supply has been taken out, - , " 
the surface of the silage should be cov
ered with old bags to prevent drying 40.! 
out; if it should become necessary to MI 
interrupt the feeding of silage for .' 

.
 
must be sealed off as itwas when the
 
silo was first filled.
 

more than a day or two, then the silage "p 
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APPENDIX
 

Simple methods are given here for
 
converting English and metric units
 
of measurement. Following these is
 
a series of useful conversion tables
 
for units of area, volume, weight,
 
pressure and power.
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LENGTH CONVERSION
 

The chart in Figure 3 is useful
 
for quick conversion from meters and
 
centimeters to feet and inches, or
 
vice versa. For more accurate results 
 FIGURE 1

and for distances greater than 3 meters, 
 Equations:
 
use either the tables in Figure 2 or

the equations. 
 1 inch = 2.54cm
 

1 foot = 30.48cm
The chart in Figure 3 has metric divi-
 = 0.3048m
sions of one centimeter to three meters, 
 1 yard = 91.44cmand English units in inches and feet 
 0
O.9144m
 to ten feet. It is accurate to about 
 1 mile = 1.607km
plus or minus one centimeter. 
 = 5280 feet 

Icm = 0.3937 inchesExample: 
 Im = 39.37 inches 
=3.28 feetAn example will explain how to use 
 1km = 0.62137 milesthe tables. Suppose you wish to find 
 1
1000 meters


how many inches are equal to 66cm. On
 
the "Centimeters into Inches" table look
 
down the leftmost column to 60cm and then
 
right to the column headed 6cm. This
 
gives the result, 25.984 inches.
 

IdcnFS INTO CNTi5ITF.8 FIGURE 2 
(I in. = 2 539977 cm) 

0 2i Ichee I 75879 

0 cm 2 541 508 7 62 10 16 12 70 15 24 17 78 2032 2286 

10 
20 
30 
40 

25 40 27 94 3048 33 02 3556 3810 
50 801 53 34 55 88 58 12 60 96 63 50 
76 20 7874 81 28 83 82 86 36 88 90 
101 60 104 14 10( 68 109 22 1l1 76 114 30 

4064 
66 W 
91 44 

116 84 

43 18 457 4826 
68 58 71 12 73 66 
93 98 96 52 99 06 
119 38121 92124 4650 127 001129 54 132 08 134 62 137 16' 139 70 142 241 144 78147 32149 86
60 152 40 154 94 
157 48 160 02 162 56 165 107 6.41170 18172 72175 26
70 
 177 80! 180 34 182 88 185 42 187 96 190 50 193 041 195 58198 12200 66
80 
 2u) 20 205 74 208 28 210 82]213 36;215 90,218 44 220 98:223 521226 06
90 
 228 601 231 141233 68 236 22 238 76 241 301243 84 246 38 248921251 46
 

CN MIrMFTYRS INTO INCHES 

(1 cm. = 0 3937 in.) 

cm. 0 1 21 3 4 6 718 9 

0 Inches 0 3941 0.787 1 181 1 575 1 969 2 362 2 756 3 15 3.543
10 3 937 4 331 4.724 6 118 
 5 512 5906 6 299 
6 693 7 087 7.480
20 7.874 8 268 8 661 
 9 055 9 449 
 9.843 10 225 10 63011 02411 417
30 11 811 
12 205 12 598 12 992 13 386 13.780 14 173 14 56714 961 115 354
40 19 685 20 079 20 472 20 866 21 2
 
60 15 748 16 142 16535 16 929 17323 17717 18.110 18 50418 89819 2910196820242 
0 86621 26021 654 22 047 22 44122 835123 228
60 23 622 24 016 24 40 
 24.803 25 
 25 591 25 984 26 378 26 772127 165
70 
 27 559 27 653 28 346 28.740 29 134 29 528 29 921 30 315130 70931 102
80 31 496 31 890 32 283 32 677 33 071 
90 

33 465 33 858 34 25234 6-4635 03935 433 35827 36 220 36 61470081 37 402 37.795 38189:38583138 976 
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MET' RS AND CENTZMETEft 

0 U0 

to0 -. 

FIUR 3NC.ES 

FIGURE 3 
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WEIGHT CONVERSION 

The chart in Figure 5 converts pounds 
and ounces to kilograms and grams or 
vice versa. For weights greater than 
ten pounds, or more accurate results, 
use the tables (Figure 4) or conversion 
equations. See "Length Conversion," 
Figure 2, for an example of the use of 
the tables. 

FIGURE 5 
9 

B 

4 

On the chart, notice that there are 
sixteen divisions for each pound to 
represent ounces. There are 100 divi
sions only in tK-first kilogram, and 
each division represents ten grams. 
The chart is accurate to about plus 
or minus twenty grams. 

7 

3 

Equations: 

1 ounce 
I pound 
1 gram 
1 gram 

= 
= 
= 
= 

28.35 grams 
0.4536 kilograms 
0.035'7 ounce 
2.205 pounds 

u 

FIGURE 4 KILOGRAMS INTO POUNDS 

5 

(1 kg. --2.20463 lb.) 

kg 0 111 2 3 4 5 6 7 8 9 2 

0 
10 
20 
30 
40 
50 
60 
70 
80 
90 

1b 220 441 6 61 8 82 11 021 13 23 15 43 17 64 1984 
2205 2425 26 46 28 66 30 86 33 071 35 27 37 48 39 89 
44 09, 46 30 48 50 50 71 52 91 55 121 57 32 59 53 61 73 6393 
66 141 68 34 70 55 72 751 74 96 77 16 79 37 81 57 8378 8598 
88 191 90 39 92 59 94 801 97 00 99 21 101 41 103 62 105 821103 03 

110 23, 112 44 114 64 6 85119 05 121 25 123 46 125 66'27 871130 07 
132 281 134 48 136 69 18 891 141 10 143 30 145 51 147 71149 91152 12 
154 32 156 53 158 73 160 4 163 14 165 35 167 55 169 76171 96174 17 
176 371 178 58 180 78 182 98 185 19 187 39 189 60 191 801q4 01!196 21 
198 42,200 62 202 831205 03 207 24 209 211 64 213 85 216 05!218 26 

v)4 

Q 

-

-

POUNDS 
(I lb 

INTO KILOGRAMS 
= 0 45359 kg.) '-" 

lb. 0 11 2 j3 41616 7 8i1~9 

0 
10 
20 
30 
40 
50 
60 
70 
80 
90 

kg 0 454 0 907 1 361 1 814 2 268 2 722 3 175 3 629 4 082 
70114 516 4 990 5 443 5 897 6 350 6 804 7 257 7 711 8 165 8 618 

9 072 9 525 9 979 10 433 10 886 11 310 11 793 12 247 12 701 13 154 
13 608 14 061 14 515 14 969 15 422 15 876 16 329 16 78317 237 17 690 
18 144 18 597 19 051 19 504 19 958 20 412 20 865,21 31921 772 22 226 
22 680 23 133 23 5871 24 040 24 494 24 948 25 401 2&85526 308'26 762 
27 216 27 66928 123 28 576 29 03029 484 29 937 30 391'30 844131 298 
31 751 32205 32 659:33 112133 56634 01934 473 34 92735 38035 834 
36 287136 741137 195; 37 6-18 38 102.38 55539 009: 39 463'39 916140 370 
408234127741 700234184 42 63843 Mil 43 545439981445244 902 77j4 730142 99814452|4906It 

/ 
-

boo 

5oo 

40 

t 
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-0 -- 210 

- 200 

FIGURE 10 -1
 

80 -

TEMPERATURE CONVERSION 170
 

The chart in Figure I is useful for
 
uick conversion from degrees Celsius 70 _
(Centigrade) to degrees Fahrenheit and 
vice versa. Although the chart is fast ISO 
and handy, you must use the equations 
below ifyour answer must be accurate 60 _ 40 
to within one degree. 

150 
Equations:
 

50 

Degrees Celsius = 5/9 x (Degrees Izo 
Fahrenheit -32) 

-- Io 
Degrees Fahrenheit = 1.8 x (Degrees 40 

Celsius) +32 -- oo 

1 90 
Example: 


o -

This example may help to clarify the 


use of the equations; 72F equals how - 80
 
many degrees Celsius?
 

WnW 20 70 
72F = 5/9 (Degrees F -32) c2 o 

72F= 5/9 (72 -32)
 

=
72F 5/9 (40) 10 so 

72F = 22.2C 40 

0Notice that the chart reads 22C, an 

error of about 0.2C.
 

20 

-to 
10 

~0 
-20 

-10 

-5 -20 

-40 -40
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Conversion Tables
 

Units of Area
 

1 Square Mile = 640 Acres 
 = 2.5899 Square Kilometers 

1 Square Kilometer = 1,000,000 Square Meters = 0.3861 Square Mile 

I Acre = 43,560 Square Feet 

1 Square Foot = 144 Square Inches = 0.0929 Square Meter
 

1 Square Inch = 6.452 Square Centimeters
 

1 Square Meter = 10.764 Square Feet
 

1 Square Centimeter = 0.155 Square Inch
 

Units of Volume
 

1.0 Cubic Foot 
 = 1728 Cubic Inches = 7.48 U.S. Gallons
 

1.0 British Imperial Gallon = 1.2 U.S. Gallons
 

1.0 Cubic Meter = 35.314 Cubic Feet 
 = 264.2 U.S. Gallons
 

1.0 Liter = 1000 Cubic Centimeters = 0.2642 U.S. Gallons
 

Units of Weight
 

1.0 Metric Ton = 1000 Kilograms = 2204.6 Pounds
 

1.0 Kilogram = 1000 Grams 
 = 2.2046 Pounds
 

1.0 Short Ton = 2000 Pounds
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Conversion Tables
 

Units of Pressure
 

1.0 Pound per square inch 
 = 144 Pounds per square foot 

1.0 Pound per square inch 
 = 27.7 Inches of Water* 

1.0 Pound per square inch 
 = 2.31 Feet of Water*
 

1.0 Pound per square inch 
 = 2.042 Inches of Mercury*
 

1.0 Atmosphere 

- 14.7 Pounds per square inch (PSI)
 

1.0 Atmosphere 
 = 33.95 Feet of Water
 

1.0 Foot of Water = 0.433 PS = 62.355 Pounds per square foot 
1.0 Kilogram per square centimeter = 14.223 Pounds pc" 
,quare inch
 
1.0 Pound per squp'e inch 
 = 
0.0703 Kilogram per square centimeter
 

* at 62 degrees Fahrenheit (16.6 degrees Celsius)
 

Units of Power
 

1.0 Horsepower (English) 
 = 
746 Watts = 0.746 Kilowatt (KW)
 
1.0 Horsepower (English) 
 = 550 Foot Pounds per second
 

1.0 Horsepower (English) 
 = 33,000 Foot Pounds per minute 
1.0 Kilowatt (KW) 
= 1000 Watts = 1.34 Horsepower (HP) English
 
1.0 Horsepower (English) 
 = 
1.0139 Metric Horsepower (cheval-vapeur
 
1.0 Metric Horsepower 
 = 75 Meters X Kilogram/Second 

1.0 Metric Horsepower 
 = 0.736 Kilowatt = 736 Watts 
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