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Abstract

Bolivia an inland country of west-central South
America, rou,hly the size of the two large continental
states of Texas and Montana together, like many of
both developed ani Third-World countries is affected
seriouely with the disturbing process of soil erosion.
This distressful problem challenges soil scientist, en-
gineers,agronomists, economists, planners, and local
and national leaders to take concerted action to con=-
trol this growing extensiva erosion in sach of their
countrieas.

In this report a succeassful effort is being ma-
de in the extreme southern area of Bolivia, Lordering
northern Argentina. It is in a productive, moderately
humid valley of Yacuiba which is designated “the humid
Chaco" which comprises sizeable areas of Southsastern
Bolivia, Northern Paragusy and Northeastern Argentina.
This bumid Chaco valley has sz avsrage rainfall of near

ly 1200 millimeters anmually. I% is S kilometers wi-
de by 4O kilometers in lemngtb-roughly 20,000 hectares.
The relatively small size does not belie its importance



agriculturally.

Clearing of valley lands from a sub-tropical fo-

rested area,

tors with doger blades, on mostly evea lands of

tly to moderate clopes of 2-6%.

began in 1977, with Caterpillar D-7 trac-

sligh=~
In the years that fo-

llowed, additional land clearings were made each year,

Every year problems of erosion began to appear.

Nith

several years of increased rainfall during the past seve

ral years including 1984, this problem has assumed most

serious proportions.

Great potentiality to produce soya, cotton , wheat

corn and other crops prompted the agricultural leaders of

the country to lend greater support and more promounced e

ffort to this erosion control program.

A description of

the principal technical method used to bring this about-

construction of terraces by use of a road grader with the

shared cooperation of local farmers, iy summarized in

this report.

Introduction

A program of erosion control for Be
livia began shortly after the arrival of
the senior author in early 1982. Bolivia
is an inland country of west-cemtral South
America, roughly the size of two large con
tinental states of Texas and Montana,
1,098,580 square kilometers,
lation of 7,400,000. inhabitants (1980).

Similar to many of both developed and

with a popu~

Third-World contries it has bveen affec-
ted seriously with the wide-spread pro
blem of soil erosione World-wide and dis~
tressful,this situation challenges soil
scientistg,civil engineers, agronomists,
planners and local and national leaders

to take concerted action to control this

growing potential danger to future food
and fibre productioa in each country.
The erosion control area in which

this program is being fully developed and
promoted is in the productive, moderately
humid area of the valley of Yacuiba which
is designated as being & part of the “hu-
mid Chaco®
round the more remote centers of Cerapar{
and Villa Montes.

developed around the Yacuiba valley

which also imcludes areas a~

The preasent program hes
area
but is planmed for extension to the other
twvo areas. The "hmmid Chaco™ is differen-
tiated from the much larger "dry Chaco®

which comprises aizeable areas of sout~

heastern Bolivia, northern Paraguay, and

>
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northeasten Argentina. This "humid Cha-

co® valley‘of Yacuiba has an average rain
fall of nearly 1200 millimeters annually,
It is8 5 kilometers
ters in length - roughly 20,000 hectares.

wide by 40 kilome-

This small size does not belie its impor-

tance agriculturally. It is capable of

producing soya, wheat, cotton, corn, and
other crops. The agricultural leaders of
the country recognized its great potentia
lity and began to lend support to fuller
development of this "humid Chaco" area.
Clearing of the valley lands of Ya-
cuiba, from a sub - tropical forested a-
rea began in 1977 with Caterpillar D-?
tractors with dozer blades, on moatly
even lands of s8lightly to moderate slo-
pes of 2-6%. follo-

wing years additiomal land clearings we-

In the immediately

re made each year during the dry seascn

(May - December). Every year problems of

erosion besgan to appear on the newly

cleared lands. With several past years
of increased rainfall, including 1984 ,
this prcblem lias assumed most serious
proportions. The damages on severul
small water - sheds and drainage areas

has boen extensive. The serioucness and
extent of this growing problem has Yeen
noted since the rainy season ended in A-
pril of 1984,

pletion of nearly 400 hectares ot terraces

We had projected a com-

for construction during the dry season
of 1984 which would double the 200
hectares completed in 1983. However,

requesta by farmers for construction

)

of terraces on their lands has come in to
excess of 500 hectares.

cry is
trol the erosion on our farm - we

us in slight
The common - " help us to con-
would
like to have terraces constructed to save
our laads",

Now renewed efforts are being made to
find sufficient funds to assist these
farmers to obtain the help that they

need,

Clearing the Land

As has been previously stated, clea-
ring the land has been done by Caterpi-
llar D-7's with dozer blade.
operated and leased from CODETAR a pro-

These are

vincial quasi - grovernmental agency.

When we first began our work we discovered
that Whe operators knew nothing about ac-
ceptable and nonacceptable methods of clea

ring land in order to give the topsoil the

greateat protection possible. Most opera-
tors were using the bull - dozer blade to

produce a soil surface that was called
"limpia" - clean. That is; all tree bran-
ches, trunks, bushes, brush and other ve-
getation were removed as well as a layer

of the topsoil.
to be, wanted his land "limpia". This took

organization of training of CODETAR opera-

The owner of the new=-land

tors on our part as well as the potential

farmers to know that the better way of
clearing land should be "sucio"-or dirty.
In this case dirty is "good" -~ because a
"sucio" clearing was made when the bull-do
zer blide barely touched the surface lea-



ving all grasses, steme of small shrubs,
and bits and piecee of bark, etc. The
50il was disturbed as little es possible.
Large tree roote were dug out and re-
moved by hand. It was later learned that
Argentina used two Caterpillar D~8's with
a heavy chain pulled bhetween them to
clear land which resulted in a " sucio "
type cleering, but the inveatment in Bo=-
livia had already been made in a bulldozer
blading approach and could not be chan-
ged by the more :apid and more accepta-
ble D-8 chain method. However our rela-
tions with CODETAR tractor operators and
administrators gradually improved until
we got good compliance in land clea~-
ring efforts. Clearing is still limited
to nearly even, low grade slopes of 0-6%
for agricultural lands. Clearing "limpio"
was causing future farmers great loss of
topsoil and too much of the important or-
ganic matter, which was to help them to
protect the soil better from the force of
erosion which was to follow, but also to
asaist them to produce better crops of
quantity and quality by conservation of
as much organic matter and moisture as po

sesible.

Loss g£ Togsoil

Lester R. Brown, in "“Worldview"
which is a summary 3 from his recently
published book " State of the World "
correctly states how a loss of topsoil

may occur anyplace:

" Grave though the loss of
topesoil may be, it is a

quiet crisis, one that is not
Unlike,

erup-

widely perceived.
earthquakes, volcanic
tions, or other natural disas
ters, this human made disaa-
ter is unfolding gradually.
It is not always recognised,
because the intensification of
cropping patterns and the plo-
wing of marginal lands that
leads to excessive erosion o-
ver the long run can 1lead to
production gains in the short
run, thus creating the false
sense of food security.
Although s0il erosion is
a physical process, it hase nua
berous economic consequences,
affec’ing productability ,
growth, income distribution,
food sufficiency and long
term exteral debt. Ultimately
it effects people. When soils
are depleted and crops are
poorly nourished, people are

often undernourishad as well",

Cause 2£ Soil Erosion

We are confining ourselves here to
vater erosion because wind erosion is mi-
nimal in this part of Bolivia, but in the
"humid Chaco", water erosion is of ut-

most importance to be controlled. The



damage caused by raindiops hitting the
bare s0il at a high .elocity is the
first step in the erosion process.¥e may
think of the raindrops as minature bombs
hitting the soil surface. In a heavy
downpour this will occur with rapidity.

The raindrops shatter the soil granules
and clods, reducing them to sxailer par-
ficles and in return reducirn_ the infil-
tration capacity of the soil. A raindrop
hitting on a wet soil forms a crater,

compacting the area inmediately under the
center of the drop, moving detached par-
ticles outward in a circle around this
area, finally meeting sufficient resis-
tence to be defected upward. Authorities
have estimated that more than 100 tons
of soll per acre may be detached by rain
drops in a single rain. On sloping land
the force of the raindrops on ‘he surfa-
ce ie such that more than half of the
splashed s0il is moved downslope as it
falls back to the surface. The force of
millione of raindrops during ar intonse
rain on a cultivated field results in an

appreciable movement of so0il downalopeg,/f

Paindrops hitting a soil surface
that is covered by a film of water
churn up the ecil 8o that the surface
film of water becomes muddy. As this
muddy water infiltratea into the soil,
the particles are filtered out in the
surface layer. The infiltration of the
muddy water and the compacting and pud-
dling action of the raindrops falling on

the surface combine to form a layer of

soil which has a much lower infiltratioa
rate than the so0il at the beginning of
the rain. This effect is most pronounced
for rains of high intensity.

When the rate of rainfall exceeds
the rate of infiltration, the depres-
sions on the surface #ill and overflow
causing runoff. During the rain, the ru
noff is splashed and resplashed millions
of times by the falling raindrops. This
breaks the soil particle it is carrying
in smaller and smaller sizes and helps
to keep them in suspension. Thus a thin
sheet of water will carry a much heavier
load of silt during a rain tham it would
if splashing action were not present.

Falling raindrops breuai down soil
aggroegates, detach and transport soil par
ticles as the volume of water increases.
Runoff water is loaded with finer more va
lurble particles and cause sealing and
compacting of the so0il surface. Additio-
nal concentration of water follows, which
moves sand and large. particles down slo-
pe, but many of the small particles have
reduced ine ability of the soil to abe

sorb water.

Sheet and Rill Erosion

Sheet erosion results from soil mo~
vemo..t from raindrop splash and surface
runoff, Sheet erosion removes the ligh
ter soil particles, organic nmatter and
the soluble nutrients from the land and
is thus a serious detriment to the mainte

nance of soil fetility and productivity.
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The erosiveness of flowing weter

depends upon its velocity, turbulence,

and the amount and type of abrasive mate-

rial it transports. The amount of mate-

rial transported depends on the transpor-
ting capacity of the runoff and,the trans
portability of the soil. The larger and
heavier - soil particles are more diffi-
cult to transport, hence they are not mo

ved great distance. Rill erosion results

from the surface runoff when it concentra
tes in surface depressions in which suffi

cient s0il may be removed to small but

well-defined channels. If these channels

do not interfere seriously with normal

tillage operations they are called rills.

Gully Erosion

While a great deal of erosion ta-
kes place by sheet and rill erosion it is
gully erosion that proapts us to take con
certed action for the actual control of
erosion. When surface channels have been
eroded to the point that they cannot be
smoothed over by normal tillage opera-
Gullies

may develop at any time as a result of se

tions they are called gullies.

veral factors. Soil is removed by surfa
ce water flowing through surface channels
in sufficient volume to form a gulley.
Water from surface shannels is often dis-
charged over an abrupt change in grade.
This stream of water flowing to a lower
elevation has greatly increased erosive
power compared to the same stream on a
mniform grade. The channel at the foot of

a waterfall is deepened and the banks are
undermined and cave in. Gullies formed by
the combination of these two means can va
ry from 0.5 meter of less to depthe of 3
to 10 meters or more. When the gullies

are relatively small, these can be filled
and controlled with terraces made with
the aid of a roadgrader . But when gu-
llies have grown to a depth ef more than
0.5 meter our recommendation is to use
the D-7 Caterpillar for filling before te

rraces are constructed by roadgrader .

Rainfall Records

Associated helpfully with the terra
ce construction within an area are .ain-
fall record. The longer records have
been kept, the better, because it helps
us to plan ahead for the fut e in the
construction of terraces. We may know
the intensity, duration, frequency and
seasonal distribution of the rainfall o-
ver an average number of years for an a-~

rea and aids us to know during which part
of the year we may be able to have a pe-
riod dry wnough to effect comstruction of
terraces with use of heavy machinery with
out being hindered by rainfall,

In our area .the information is fur-
nished by the local airport authority
which has been maintained for nearly, 34
years. Refer to the details presented in
Table 1. The record of rainfall data for
the past five years has been very impor-
tant for planning of erosion control for

the future. It will be noted in Table 2



thad the average monthly rainfall for the
six critical months of October thru Decem
ber and from January thru March has been
responsible for the accompanying serious
erosion damagz to fields, roads, railroad,
streets in Yacuiba and other outlying vi-
llage and watershed areas. This year 1984
hit a new high for the month of March, du
ring which a record rainfall of 725 mm.
was registered in only 13 days. It was
during this relatively short period thzat
the greatest erosion damages occurred ex-
tensively throughout the Yacuiba valley
area. More farmers then ever hav. been
prompted to think more seriously about
obtaining technical help in tattling this
serious problem and have been asking for
construction of terraces on their proper-

ties.



PAlLe 1 Rainfall Record of Yacuiba 53C M (1763')
at uirport by .ASALA=33 years
1950 - 1583
Jan Feo  kar A M Jdn Jl ~E Sp Cct novy  Dec Jotal
¢18 150 2ok 100 34 16 7 10 3¢ 54 160 162 1113
7.0  7¢5 840 3.9 1.3 C.6 0.3 Ut Va3 2.1 L3 G4 43,8
millimeters
TA3LE 2 Rainfall Registered, 5 years ( 1979 - 1934 )
RAaoaliv = Yacuibea airport
(322°01', W6hO43")
Year can  Feb  Mar A M Jdn Jl AR 5p Oct dov Dec Total
361 239 539 153 26 16 17 48 11 34 163 279 1586.C
1979 1.2 9.4 21.2 6.0 1.0 0.6 0.7 1.9 Ou4 1.3 6.4 104  74.0
1520 353 226 309 79 11 16 11 10 115 156 134  1425.0
14,1 8.9 12.2 3.1 Oui 0.6 Qb 0.4 bes 6.1 5.3 355.6
1581 470 373 143 26% 67 1 1 16 0 95 15.7 15%2.0
18.5 14,7 5.6 10.5 2.7 0.1 Q.l 0.6 0.1 0 3.7 6.2 62.8
1582 263 220 478 311 9 27 3k & 10 11 126 13¢  1675.0
10.3 2.7 18.3 12.3 Oud 1.1 1.3 0.2 0.4 04 5.0 7.6 86.0
1983 Y7 257  1Ch 175 175 1.8 34 L 5 37 g1 255 1682.0
19.6 11.3 bL.1 6.3 6.3 0.7 1.3 0.2 0.2  lo4 3.6 10.1  G6e3
1984 L6O 320 725 146 8 2 5.8 129 - - - - (1829.3
18.1 13.0 28.5 5.8 0.3 3.3 0.2 5.1 (74 5)
bila.5 27902 283 183.8  49.3 27.0 17.3  35.5 5.6 39.4 126.2 201
nvereee 15.9 11.0 15.0 7.3 1.4 . 0.6 l.d 042 1.5 4.9 7.9
* Millimeters ** Inches + Partial




Construction of Terraces

Terrace construction was initizted
in July 1583 on the finca of antonio
vogro in Yocuiba valley, 6 terraces, to-
taling 2520 meters in length, in a “ield
of 20 hectares, with a varying 4-6 % slo-
pe. Before this initiel attempt we had
mzde a close study of the terrzce cons-
truction program of Julio Luna =nd his
technicians of tne Ii.A (Instituto liacio-
nal Tecnologia ngropecuaria) orgrnization
in the vicinity of letan in  provice of
dalta in .orthern argentina.

sxperience d-riag the dry seasons
of construction in 1933-19ch helped us
to arrive at the following specifications
for terraces:

-~ Width of terrace 8 meters (26')

- Slope of Canzl of the

terrace 0.3 %
- altitude difference 0.8

vetween ridge and Meters

canal in finished (31")

terrace at completion

of construction

of guard terrace (highest)
- Altitude ddfference 0.5
between ridge and Meters
canal in all lower (20")
terraces,
It should be noted that terrace

construction should &ctually begin near
tne nighest elevation in the field, and
should be checked with a 1level for this
point il not readily determined by visual

inspectione

The first or nighest terrace cons-
tructed in the field, 0.8 meters in
height is designated z guardian terrace,
designed to intercept runoff from the
area above, and thereiore tune ridge is
constructed nigher than the terraces be-
low by 30 centimeters or more. ill terrae
ces below terrace one-or guardiau terrace
usuzlly hzove at lecst C.35 Meter of eleva=-
tion which seems to te =zdequate. iowever
the treined roadgrader ogerators seem to
ve zble to average nearly 0.8 meter for
all terraces,

The second important item is to as-
certain there is drainage of tne ierracez
from the field on eitner side. There may
be &a natural drainageway established on
one or both sides, or it may be necessa-
ry to establish a grass waterway on the
edge of the field on eitner side to
receive the drainage outflow from the
common ends of the terraces when excess
water flows from excessive rainfalls. One
has been built here on the middle of the

farm of Alberto Quiroga by use of a road-

grader.The grsss specie of Cynodon dace

fylon is locally available which could
be used to plant vegetatively over this
waterway, but will have to be accomplis=-
hed at the beginning of the rainy season
because of non-availability of water du=-
ring the dry season.

Grass Waterways

It is important to note that grass
waterways in themselves do not protect

large portions of & given field from ero=~



sion. lhey are designed to work ir combi-
nation with otrer soil and water conser-
vation practices, such as terraces, con-
tour farming aund  diversions whicn direct
water into gruss waterways. he waterways
conduct this concentrated rlow off the
field witn iinimal demege to tue soil.
Grassd& waterweys re =zlways plsnted in
tnose sloping ields wnere wiater concen=-
trates naturally or which will concen-
trate on tne edge of fields ‘rom terra-
ces, where gullies are most 1likely to
form.

Utner grass species wnich need to
be considered and tried in this area for
cover for grass waterways are Paspalum
notatum, Dactillis glomerata, :nd Clorys

SPe

b



Distance between Terraces

The third item to consider in conse-

tructioa of tesrrzces is to calculate the

distince Dberween terraces., Distonce is

related to tne <uveruge sloge wnicha cen

ve Jdetermined by use of tne hond level

*nd  the following [leble 3 csan be & gui-
de for terr:ces 1in each field. i.easure-
ment down tne slope cun be made from the

oeginning stake of tue first terrace.

Table 3

Distaznce between Terrasces

average slooe Distence

between terraces

% Meters
0 -3 100
3-5 80
5-38 60

Uso of Level

The level

rod witn use of prepgsred field stakes can
e

terraces Jwo zersons uay

instrument &nd leveling

to locute the points olong ecch

off 20

used
measure
ileters from the bLeginning point, with the
cerson &%t the far end of a 20 meter line

¢1s0 lolding the rod. After the rod is

read by tae levelman, the two individuals

sdvance every 20 meters until the end of

the terrace is reached on the other side

of the fielde. A stizke 1s driven &t tne

end of ezch 20 neter mezsurenent to mark

tne location at every 20 meters of the
terrace to be mede. Keadings of the  le-
velman at ecch locstion is the key to
maintuining a descending slope in the

terrace from the beginning to the end. In

[/

order to have sufficicnt slope to move
excess water =leing tne canal of the tea-
rrace in ccse of reinfzll runoff, a

slignt sloge of 0.3 .5 :must be built into
the terrace. This is cccomplisned by rea-
ding © centimeters more on such rod rei-

ding ifor =very 2u meters distance .long

t.ie surveyed terrace line, For ecxample if

the vegining rod recding is 1.20 meters

(1 meter 20 centimeters), tie second rea-
ding is 1.26, the third reading 1.3Z,

etc. until tne end of the terrace. Te-

rraces should not be longer than 500 me-

ters in length because of tne volume of

water that can accumulate in the canal of
& terrace. Longer terraces would not the-
refore be wise because too much water

would

-

ve intercepted to flow which might
cause an erosion problem not fully anti-
cipated. Longer distances can hi:ve terra-
ces overlaped and have the water flow the
of

than 500 meters. This would zssume

opposite way from the middle a field
wider
thet there would be a natural drainuge to
take care of the extra length terraces o-
ver 500 lMeters. If a nitural drainage wes
not present, a graég;etef:yay would need
to be established to—Zle care of the ex-
tra drainage water from the other side of
field with widths greater than

field of

a large
500 meters. For example, with a
& width of 600 meters, a terrace can be
surveyed so that the water will flow 300
meters to one drainage way and the water
in the other 300 meters would flow from
the middle

the other drainagewsy.

in the opposite direction to



Roadgrader Construction

Construction of terraces cau begin

#s soon as 3everul terrocces zre stazked

cnead ruther thon wzit until a cormplete

field 1is staked with terrzce locations,
I'ne roamdgruder operecctor cun trace tue lo-
cution between stakes oy using the cor-
ner of tre roadgrader vlade, if a person
can extract each stske Ifrom the field
just vefore tne wheel or tune roud zgrader
gets to 1ite sAn  operator must be well
trained to construct & terrace by making
8 passes (Figure 1) with the road grader
élong tne line of the terrace, The line
originally traced in the {ield locates
tne middle of the terracea
Four passes will be made on each

side as 1illustrated in Figure 1, a sche=-
me for constructione The difficult part

of the construction for the roadgrader

operztor are tne final pesses to keep the
2 0d

wheels of the front”~ of the roadgrader

up on the ridge of the terrace so the
vlede can push the soil up to the nighest
extent possible - usually 0.8 lieter above

the canal bottom level,

Checking Terrace zlevation
ferraces should be checked with a

level and rod along thke length of the

terrace, Readings should be made first in
the bottom of the canal and then opposite
at the top of the ridge at several inter=
vals for tne full 1length of the terrace.
This differe:ice should be 0.3 ieter in a
guardian or first terrace, or 0.5 in the

terraces below this in the field. Special

Figure 1 : Scheme for cons-

truction of terrace by use

oi a roadgrader,

attention should be made in those areas

where a terrace has crossed a gulley, or

low area, that the ridges height is main-

tained 0.5 =~ 0.8 M. over the canal

bottome In a field where tnere are

gullies to be filled it is betier that
these be filled before hand with a rocd-

grader (for shallow ones) and Caterpillar

'/,QL



tractor with dozer blade to fill the dee=
per ones, ‘he terrace construction should
follow after these gullies are Jilled,

In a field where there ure no gullies yet
{ormed, terrwce construction can proceed
with roadgroder with a Caterpillar trace
tor following to fill in on the ends of
tne terraces, where the road grader is
too long to reach to tne end. When all

terraces zre complete .vom end Lo end and

riige height over cenal is up to tne mi=

5" x 7"
Photo

nimun elevation for both the guardian ca-
nal «nda all canals below it in the field,
terracing is complete. a field of terra-
ces will appear siuili-r to the  aerial
punoto of terriéces in the Yucuiuve vulley,
illustrated in Fi,ure 2.

“he sight of the bright orange colored
roadgr:der tecowes & visual symbol of te-
rrace construction in our erosion coatrol

program and is orten seen as depicted in

Figure 3, at some location in the valleye

Figure 2 - Aerial View of terraces on a farm in Yacuiba valley.
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Figure

vost of Terrzce Construction

Terrsces in a field are well loca-

ted so that visual inspection by otners

is often noted and becomes a good demons-

trution for otner farmers to make zote of

“0 see now tae terraces actually nelp to

osresent rill .nd gulley erosion from bee=

comiig seriouse This is an important sa-

«ect of terruce construction - to give

4n examgle for otlers to lollow. ‘iowever

\Y4
N

?"

Photo

3 - Roadgrader ia Construction of Terraces in Ysacuioa,.
(=1

there is the cost to be considered. The

cost hus been arringed on & shared conse

truction basis, first - to prouote Lhe

building of terraces for the purzose of
demonstration, secondly to cssist the far
mer during these ratrer difficult econo-
eiic times to build terraces to protect
nis land in the future,

In Toble

3 these volues nre tebulated :



Table 4

Cost = Terrace Construction

Lineal Time for Cost per
Distaace Construction hour
[ Hours 503,
1000 36 30
(3281')
TOT»L Cost = aUSe 108.00
The @bove costs asre basic, for

roadgrader but the total cost of cons-
truction is somewhat variable beczuse of
tne nigh inflation r:te in South America
countrits and the value of the US dollor
to the Bolivien peso. another variable is
in use for tihe D=7 Cost of D-7/hour =

3 50.00 to complete terraces by Tfilling
the deecper gullies and filling in the end
of the terraces which cannot be reached
oy the long carriaze of the roadgrader,
Some fields have no gullies or small gu=
llies which can be filled in by the road
grader. dJnere gulleys are deeper than
50 cm a Caterpillar tractor with dozer
blade must be used. average costs of
terrace construction in the ilumid Chaco,
including bath roadgrader and Caterpi-

llar is about § 22.50 per
(% 9+11/acre).

The finencing in southern Bolivia

hectare

1s on a shared basise. In order to assist

the coo.erating farmer, ecornomically,

because of the diificult economic times
in Bolivia, and at the same time complete
8 demonstration in erosion control for
others to see who re not yet cognizant
of the progrem, the program pays 1/2 the
total cost of construction. This inclu-
des the total cost for bvotn tne road
grader and caterpillar tractor with dozer
blade for construction of all terraces on
the farme The larger the furm the greater
the number of terraces necessary and the
greater the cost to the farmer, But in e=-
very case the cost is on shared-coopera-

tive basise

Future Program

Financing

Flans have developed to continue
the roadgrader with assistance from Ca-
terpillar tractor with dozer blade. In-
creasing damages from erosion of farm
fields, roads, railroad, airport, farm
properties, highways, town and village
streets and small watersheds, make it im-
perative to continue a planned and well
executed effort in erosion contrel, each
year in the future. The financing needs
to be more adequately provided for, to
assure farmers that they have the finan-
cial backing Ior terrace construction.
All involved need to alse be assured that
ell maintained heavy macuinery is availa
ole at all times to do the terracing-for
the minimun, one roadgrader, and one Cater
pillar tractor with dozer blade. Because

of the vast dumages which have occurred



this past two years in several of the
small watersned areas, financing still
necas to be secured to control major gu-
llies wnicn nave develoged s well to re-
pair all the dw-.es to roads, nigaways,
reéilroad wnd otner public facilities. One
ly & welil planned wnd tinznced grogrem

cen swdequately do the joba

Conservation Tilluge

Introduction

Conserviition tilloge simply defi-
ned, is & system of tillage that leuves
protective of c¢rop residue mulch on the
soil surface tnrough-out the year..It can
se classified into three groups, no till,
strip till, and cnisel.

with no-till also referred to as
zero tillage, seed bed preporation end
planting are completed in one operation,
the soil is disturbed only in the seed
row, an areas no wider than 3 centimeters.
nbout SO b of crop area is left with pro-
tective crop residue, depending on the
previous crop. A no-till planter is used
wnich is equipped with coulters to cut
turough the covering vegetation to depo-

sit tne seed in a limited arec.

Strip Tillage

Jith strip tillage the seed-ved is
prepared &nd seed is planted in one ope-
rution as is in no-till but the row area
is wider; it makes up as much as

one=-third of the field and is cleared or

Je

tilled of vegetation., The areas between
tne seed rows ure left untilled with pro-

tective cover of crop residue.

Cnisel

Witnh tne chisel enough residues are

left on tue surface after planting to
effectively reduce erosione In tne cnisel
system the entire seedbea is loosened and
part of tne residue is incorpotated in
tue top few centimeters of soil. ueed
preparatiou and planting can be done in
operations, with a

one or separate

no-till plonter.

ixtensive research has proved the
value of conservation tillage for soil
erosion control. Conservation tillsge im-
proves water quality in owr streams =nd
lakes because it reduces the amount of
sediment washed from cropland into the
water courses. But some systems of con=
servation tillage require more pesticides
and herbicides than cunventional till=ge
systems. Conservation tillage reduces
soil 1loss from cropland so much that al-
though the concentration of pesticides
and herbicides in the sediment uay be hi
guer than from convertionally tilled land
the total is usually much less. Besides,
the saving in energy requirements is much

less for plowing and other seed bed pruc-

tices of normal tillage.
Conservution tillage is being prac-

ticed mnore and nore in the United States

each year, this type of erosion control



is ovecoming increasingly noticed in Boli-

via's Iferming neighbors, where in 3ra-
©il aotill planters ere veing utilized Wi
dely in the high sreducin, soye wsress of
Rio Grande Do Sur wnd faruni,

it is zreposed fo begin  chisel «ce-
monstrailons  .ere  with cnisel equipaent
on loan Irom li5..., and to purcic.e Irom
Srazll ws 5005 68 possivie o no=till ai-
rect seeding plinter for demonstration
for loc.l use, Jais type of crosion con-
trol needs to ve introuuced into the wrea
to suppleucut tihe .resent terrace conse
truction wmetiode Coupled with wdequate
financial support, u« growing, continuing
grogram would offer 3olivia & rezl  cha-
llenge f{or tne future,
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Figure 1 Scheme For Constructisz Of A Terrace
By Use Of A Roadgrader.

Figure 2 fRerial View Of Terraces On A Farm
In Yacuiba Valley, Bolivia.

Figure 3 Roadgrader In Construction Of Terraces
In Yacuiba Valley, Bolivia.

1. Rainfall Record Of Yacuiba, 530M (1768')
At Airport By AASANA, 33 Years, 1950 - 1983.

2. Rainfall Registered, 5 Years 1979 - 1984
AASANA - Yacuiba Airport.

3. Distance Between Terraces.

L, Cost - Terrace Construction.
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EROSION CONTROL

A CHALLENGE TO BOLIVIA

by

E.Don Hansen,
SOIL SCIENTIST,
Chemonics International

Jorge Balderrama,
AGRONOMIST,

Instituto Boliviano de
Tecnologia Agropecuaria

Abstract

Bolivia an inland country of West-cen-
tral South America, roughly the size of the
two large continental states of Texas and
Montana together, like many of both developed
and Third-World countries is affected seri-
ously with the disturbing process of soil
erosion. This distressful problem challenges
soil scientist, engineers, agronomists, econ-
omists, planners, and local and national
leaders to take concerted action to control
this growing extensive erosion in each of
their countries.

In this report a successful effort is
being made in the extreme southern area of
Bolivia, bordering northern Argentina. It is
in a productive, moderately humid valley of
Yacuiba which is designated "the humid Chaco"
which comprises sizeable areas of Southeast-
ern Bolivia, Northern Paraguay and Northeast-
ern Argentina. This humid Chaco valley has
an average rainfall of nearly 1200 millime-
ters annually. It is 5 kilometers wide by 40
kilometers in length-roughly 20,000 hectares.
The relatively small size does not belie its
importance agriculturally.

Clearing of wvalley lands from a sub-
tropical forested area, began in 1977, with
Caterpillar D-7 tractors with dozer blades,
on mostly even lands of slightly to moderate
slopes of 2-6%. In the years that followed,
additional 1lend clearings were made each
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year.
to appear.

Every vyear problems of erosion began
With several years of

increased-

rainfall during the past several years in-

cluding 1984,
serious proportions.

Great potentiality to produce soya,
prompted the

wheat, corn and

agricultural

other crops

this problem has assumed

leaders of the country to

most

cotton,

lend

greater support and more pronounced effort to

this erosion control program.
of the
bring

principal technical method
this abouticonstruction of terraces by

A description

used to

use of a road grader with the shared coopera-

tion of local farmers,
report.

Introductionv

A program of erosion control
for Bolivia began shortly after
the arrival of the senior author
in early 1982. Bolivia is an
inland country of West-central
South America, roughly the size
of two large continental states
of Texas and Montana, 1,098,580
square kilometers, with a popula-
tion of 7,400,000 inhabitants
(1980). Similar to many of both
developed and Third-World coun-
tries it has been affected seri-
ously with the wide-spread pro-
blem of soil erosion. World-
wide and distressful, this sit-
uation challenges soil scien-
tists, civil engineers, agrono-
mists, planners and local and
national leaders to take con-
certed action to control this
growing potential danger to fu-
ture food and fibre production in
each country.

The erosion control area in
which this program is being fully
developed and promoted is in the
productive, moderately humid area
of the valley of Yacuiba which
is designated as being a part of
the "humid Chaco" which also
includes areas around the more

o

is summarized in this

remote centers of Carapari and
Villamontes. The present program
has developed around the Yacuiba
valley area but is planned for
extension to the other two areas.
The "humid Chaco" is differenti-
ated from the much larger "dry

ZO



Chaco" whicih comprises sizeable
areas of southeastern Bolivia,
northern Paraguay, and northeast-
ern Argentina. This "humid Cha-
co" wvalley of Yacuiba has an
average rainfall of nearly 1200
millimeters annually. It is 5
kilometers wide by 40 kilometers
in length - roughly 20,000
hectares. This small size does
not belie its importance agricul-
turally. It is capable of pro-
ducing soya, wheat, cotton, corn,
and other crops. The agricultur-
al leaders of the country recog-
nized its great potentiality and
began to lend support to fuller
development of this "humid Chaco"
area.

Clearing of the valley lands
of Yacuiba, from a sub-tropical
forested area began in 1977 with
Caterpillar D-7 tractors with
dozer Dblades, on mostly even
lands of slightly to moderate
slopes of 2-6%. In the immedi-
ately following years additional
land clearings were made each
year during the dry season (May-
December). Every vyear problems
of erosion began to appear on
the newly cleared lands. With

several past vyears of increaseg//

rainfall, including 1984, thi

problem has assumed most serious
proportions. The damages on sev-
eral small water-sheds and drain-
age areas has been extensive.
The seriousness and extent of
this growing problem has been
noted since the rainy season
ended in April of 1984. We had
projected a completion of nearly
400 hectares of terraces for
construction during the dry
season of 1984 which would double
the 200 hectares completed in
1983. However, requests by farm-
ers for construction of terraces



on their lands has come in to us
in slight excess of 500 hectares.
The common cry is - "help us to
control the erosion on our farm -
we would like to have terraces
constructed to save our lands".

Now renewed efforts are
being made to find sufficient
funds to assist these farmers to
obtain the help that they need.

Clearing the Land

As has been previously
stated, clearing the 1land has
peen done by Caterpillar D-7's
with dozer blade. These are op-
erated and leased from CODETAR
a provincial quasi-governmental
agency. When we first began our
work we discovered that the op-
erators knew nothing about ac-
ceptable and nonacceptable meth-
ods of clearing land in order to
give the topsoil the greatest
protection possible. Most opera-

tors were using the blll-dozer
blade to produce a soil surface
that was called "limpia" - clean.

That is; all tree branches,
trunks, bushes, brush and other
vegetation were removed as well

as a layer of the topsoil. The
owner of the new-land to be,
wanted his land "limpia". This

took organization of training of
CODETAR operators on our part as
well as the potential farmers to
know that the better way of
clearing land should be "sucio"-
or dirty. In this case dirty is
"good" - because a "sucio" clear-
ing was made when the bulldozer
blade barely touched the surface
leaving all grasses, stems of
small shrubs, and bits and pieces
of bark, etc. The soil was dis-
turbed as little as possible.
Large tree roots were dug out and
removed by hand. It was later
learned that Argentina used two
Caterpillar D-8's with a heavy
chain pulled between them to
clear land which resulted in a

72



"sucio" type clearing, but the
investment in Bolivia had already
been made in a bulldozer blading
approach and could not be changed
by the more rapid and more ac-
ceptable D-8 chain method. How-
ever our relations with CODETAR
tractor operators and administra-
tors gradually improved until we
got good compliance in land
clearing efforts. Clearing 1is
still limited to nearly even, low
grade slopes of 0-6% for agricul-
tural lands. Clearing "limpio"
was causing future farmers great
loss of topsvil and too much of
the important organic matter,
which was to help them to protect
the soil better from the force of
erosion which was to follow, but
also to assist them to produce
better crops of quantity and
quality by conservation of as
much organic matter and moisture
as possible.

Loss of jTopsoil

Lester R. Brown, in "World-
view" which is a summary 3 from
his recently published book
"State of the World" correctly
states how a loss of topsoil may
occur anyplace: "&rave thougfthe
logs of topsoil may be, it is a
quiet crisis, one that is not
widely perceived. Unlike, earth-
quakes, volcanic eruptions, or
other natural disasters, this
human made disaster is unfolding
gradually. It is not always re-
cognized, because the intensi-
fication of cropping patterns and
the plowing of marginal lands
that 1leads to excessive erosion
over the 1long run can lead to
production gains in the short
run, thus creating the false
sense of food security.

Although so0il erosion is a
physical process, it has numerous
economic consequences, affecting
productability, growth, income
distribution, food sufficiency

-



and long term external debt.
Ultimately it affects people.
When soils are depleted and crops
are poorly nourished, people are
often undernourished as well".

48

Causeé;f Soil Erosion

are confining ourselves
here to water erosion because
wind erosion is minimal in this
part of Bolivia, but in the "hu-
mid Chaco", water erosion is of
utmost importance to be con-
trolled. The damage caused by
raindrops hitting the bare soil
at a high velocity is the first
step in the erosion process. We
may think of the raindrops as mi-
niature bombs hitting the soil
surface. 1In a heavy downpour
this will occur with rapidity.
The raindrops shatter the soil
granules and clods, reducing them
to smaller particles and in /re=
turn reducing the infiltration
capacity of the soil. A rain-
drop hitting on a wet soil forms

a crater, compacting the area
immediately under the center of
the drop, moving detached par-
ticles outward in a circle

around this area, finally meetiag
sufficient resistfnce to  Dbe
defected upward. Authorities
have estimated that more than
100 tons of soil per acre may
be detached by raindrops in a
single rain. On sloping land the
force of the raindrops on the
surface 1is such that more than
half of the splashed soil is
moved downslope as it falls back
to the surface. The force of
millions of raindrops during an
intense rain on a cultivated
field results in an appreciable
movement of soil downslope.

Raindrops hitting a soil
surface that is covered by a film
of water churn up the soil so
that the surface film of water
becomes muddy. As this muddy
water infiltrates into the soil,



the particles are filtered out in
the surface layer. The infiltra-
tion of the muddy water and the
compacting and puddling action of
the raindrops falling on the sur-
face combine to form a layer of
soil which has a much lower in-
filtration rate than the soil at
theR beginning of the rain. This
effect is most pronounced for
rains of high intensity.

When the rate of rainfall
exceeds the rate of infiltration,
the depressions on the surface
fill and overflow causing runoff.
Duriing the rain, the runoff is
splashed and resplashed wrillions
of times by the falling rain-
drops. This breaks the soil par-
ticle it is carrying in smaller
and smaller sizes and helps to
keep them in suspension. Thus a
thin sheet of water will carry a
much heavier load of silt during
a rain than it would if splashing
action were not present.

Falling raindrops break down
soil aggregates, detach and trans-
port soil particles as the volume
of water increases. Runoff water
is loaded with finer more valua-
bie particles and cause sealing
and compacting of the soil sur-
face. Additional concentration
of water follows, which moves
sand and larger particles down
slope, but many of
the small particles have reduced
the ability of the soil to absorb
water.

Sheet and Rill Erosion

Sheet erosion results from
soil movement from raindrop
splash and surface runoff. Sheet
erosion removes the 1lighter soil
particles, organic matter and the

soluble nuftrients from the _land '/

is thus a serious detriment to
the maintenance of soil fertility
and productivity.

AN



The erosiveness of flowing
water depends upon its velocity,
turbulence, and the amount and
type of abrasive material it
transports.The amount of mate-
rial transported depends on the
transporting capacity of the run-
off and, the transportability of
the soil. The larger and heavier
- soil particles are more diffi-
cult to transport, *“2nce they
are not moved great distance.
Rill erosion results from the
surface runof f when it concen-
trates in surd, __face depres-

sions in which sufficient soil
may be removed to small but
well-defined channels. If these

channels do not interfere seri-
ously with normal tillage opera-
tions they are called rills.

Gully Erosion

While a great deal of ero-
sion takes place by sheet and
rill erosion it is gully erosion
that prompts us to take concerted
action for the actual control of
erosion. When surface channels
have been eroded to the point
that they cannot be smoothed over
by normal tillage operations
they are called qullies. Gullies
may develop at any time as a
result of several factors. Soil
is removed by surface water flow-
ing through surface channels 1in
sufficient volume to form a
gully. Water from surface chan-
nels is often discharged over an
abrupt change in grade. This
stream of water flowing to a
lower elevation has greatly in-
creased erosive power compared to
the same stream on a uniform
grade. The channel at the foot
of a waterfall is deepened and
the banks are undermined and
cave in. Gullies formed by
the combination of these Lwo
means can vary from 0.5 meter of”
less to depths of 3 to 10 meters
or more. When the gullies are



relatively small, these can be
filled and controlled with ter-
races made with the aid of a
roadgrader. . But when gqullies
have grown to a depth of more
than 0.5 meter our recommendation
is to use the D-7 Caterpillar for
filling before terraces are con-
structed by roaqbrader.

Rainfall Records

Associated helpfully with
the terrace construction within
an area are rainfall record. The
longer records have been kept,
the better, because it helps us
to plan ahead for the future in
the construction of terraces. We
may know the intenisty, duration,
frequency and seasonal distribu-
tion of the rainfall over an
average number of years for an
area and aids us to know during
which part of the year we may be
able to have a period dry enough
to effect construction of ter-
races with use of heavy machinery
without being hindered by rain-
fall.

In our area the information
is furnished by the local air-
port authority which has been
maintained for nearly, 34 years.
Refer to the details presented in
Table 1. The record of rainfall
data for the past five years has
been very important for planning
of erosion control for the fu-
ture. It will be noted in Table
2 that the average monthly rain-
fall for the six critical months
of O~tober thru December and from
January thru March has been re-
sponsible for the accompanying
serious erosion damage to fields,
roads, railroad, streets in Ya-
cuiba and other outlying village
and watershed areas. This year
1984 hit a new high for the month
of March, during which a record
rainfall of 725 mm. was regis-
tered in only 13 days. It was
during this relatively short pe-
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riod that the greatest erosion
damages occurred extensively
throughout the Yacuiba valley
area. More farmers than ever
have been prompted to think more
seriously about obtaining techni-
cal help in battling this serious
problem and have been asking for
construction of terraces on their
properties.

Construction of Terraces

T _

‘%érraces construction was
initiated in July 1983 on the
finca of Antonio Mogro in Yacuiba
valley, 6 terraces, totaling 2980
meters in length, in a field of
20 hectares, with a varying 4-6 %
slope. Before this initial
attempt we had made a <close
study of the terrace construc-
tion program of Julio Luna and
his technicians of the INTA (Ins-
tituto Nacional de Tecnologia
Agropecuaria) organization in the
vicinity of Metan in province of
Salta in Northern Argentina.

Experience during the dry
season of construction in 1983 -
1984 helped us to arrive at the
following specifications for ter-
races:

- Width of terrace (26')
8 meters

- Slope of Canal of 0.3%



the terrace

- Altitude difference 0.8
between ridge and Meters
canal in finished (31")
ierrace at comple-
tion of construc-
tion of guard ter- (highest)
race

- Altitude difference 0.5
between ridge and Meters
canal in all over (20")
terraccs,,

It should be notad that
terrace construction should ac-
tually begin near the highest
elevation in the field, and
should be checked with a level
for this point if not readily
determined by visual inspection.

The first or highest ter-
race constructed in the field,
0.8 meters in height is desig-
nated a guardian terrace, de-
signed to intercept runoff from
the area above, and therefore the
ridge 1is constructed higher than
the terraces below by 30 centi-
meters or more. All terraces
below *errace one-or guardian
terrace usually have at least 0.5
meter of elevation which seems to
be adequate. Hnwever the trained
roadgrader operators seem to be
abl to average nearly 0.8 meter
for all terraces.

The second important item is
to ascertain there is drainage of
the terraces from the field on
either side. They may be a natu-
ral drainageway established on
onie or both sides, or it may be
necessary to establish a grass
waterway on the edge of the field
on either side to receive the
drainage outflow from the common
ends of the terraces when exces<
water flows from excessive rain-
falls. One has been built here
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on the middle of the farm of
Alberto Quiroga by use of a roadw
grader. The grass specie of
Cynodon dactilon is 1locally a-
vailable which could be used to
plant vegetatively over this wa-
terway, but will have to be ac-
complished at the beginning of
the rainy season because of non-
availability of water during the
dry season.

Grass Waterways

It is important to note that
grass waterways in themselves do
not protect large portions of a
given field from erosion. They
arc designed to work in combina-
tion with other soil and water
conservation practices, such as
terraces, contour farming and
diversions which direct water
into grass waterways. The water-
ways conduct this concentrated
flow off the field with minimal
damage to the soil. Grass water-
ways are always planted in those
sloping fields where water con-
centrates naturally or which will
concentrate on the edge of fields
from terraces, where gullies are
most likely to form.

Other grass species which
need to be considered and tried
in this area for cover for grass
waterways are Paspalum notatum,
Dactillis glomerata, and Clorys

Sp.

Distance between Terraces

!

The third item to consider
in construction of terraces is to
calculate the distance between
terraces. Distance is related
to the average slope which can be
determined by use of the hand
level and the following Table 3
can be a guide for terraces in
each field. Measurement down the
slope can be made from the begin-
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ning stake of the first terrace.

Table 3

Distance between Terraces

Average Distanijce
slope between terraces
% Meters
0 - 3 100
3 -5 80
5 -8 60

Use of Level

The level instrument and
leveling rod with use of prepared
field stakes can be used to lo-
cate the points along each ter-
race. Two persons may measure
off 20 Meters from the beginning
point, with the person at the far
end of a 20 meter line also hold-
ing the rod. After the rod 1is
read by the levelman, the two
individuals advance every 20 me-
ters until the end of the terrace
is reached on the other side of
the field. A stake is driven at
the end of each 20 meter measure-
ment to mark the location at
every 20 meters of the terrace to
be made. };eadings of the levelman
at each location is the key to
maintairng a descending slope in
the terrace from the beginning to
the end. 1In order to have suffi-
cient slope to move excess water
along the canal of the terrace in
case of rainfall runoff, a slight
slope of 0.3 % must be built into
the terrace. This is accom-
plished by reading 6 centimeters
more on each rod reading for
every 20 meters distance along
the surveyed terrace 1line. For
example if the beginning rod
reading is 1.20 meters (1 meter
20 centimeters), the second read-
ing is 1.26, the third reading



1.32, etc. until the end of the
terrace. Terraces should not be
longer than 500 meters in length
because of the volume of water
that can accumulate in the canal
of a terrace. Longer terraces
would not therefore be wise be-
cause too much water would be
intercepted to flow which might
cause an erosion problem not
fully anticipated. Longer dis-
tances can have terraces over-
laped and have the water flow the
opposite way from the middle of a
field wider than 500 meters.
This would assume that there
would be a natural drainage to
take care of the extra length
terraces over 500 Meters. If a
natural drainage was not present,
grass waterway would need to be
established to take care of the
extra drainage water from the
other side of a large field with
widths greater than 500 meters.
For example, with a field of a
width of 600 meters, a terrace
can be surveyed so that the water
will flow 300 meters to one
drainageway and the water in
the other 300 meters would flow
from the middle in the opposite
direction to the other drain-
ageway.

Roadg;ader Construction

Construction of terraces can
begin as soon as several terraces
are staked ahead rather than wait
until a complete field is staked
with terrace locations. The
roadgrader operator can trace the
location between stakes by, using
the corner of the roadgrader
blade, if a person can extract
each stake from the field Jjust
before the wheel of the road
grader gets to it. An operator
must be well trained to construct
a terrace by making 8 passes
(Figure 1) with the road grader
aiong the 1line of the terrace.
The 1line originally traced 1in
the field locates the middle .of



the terrace.

Four passes will be made on
each side as 1illustrated in
Figure 1, a scheme for construc-
tion. The difficult part of the
construction for the roadbrader
operator are the final passes to
keep the wheels of the frontend
of the roadgrader up on the ridge
of the terrace so the blade can
push the scil up to the highest
extent possible - usually 0.8
Meter above the canal bottom
level.

. Checking Terrace Elevation

Terraces should be checked
with a 1level and rod along the
length of the terrace. Readings
should be made first in the bot-
tom of the canal and then oppo-
site at the top of the ridge at
several intervals for the full
lergth of the terrace. This
difference should be 0.8 Meter in
a guardian or first terrace, or
0.5 in the terraces below this in
the field. Special attention
should

Aqui viene Fiqura 1

be made in those areas where a
terrace has crossed a gqully, or
low area, that the ridges height
is maintained 0.5 - 0.8 M. over
the canal bottom. In a field
where there are gullies to be
filled it is better that these be
filled before hand with a roadw
grader (for shallow ones) and
Caterpillar tractor with dozer
blade to fill the deeper ones.
The terrace construction should
follow after these gullies are
filled. In a field where there
are no gullies yet formed, ter-
race construction can proceed
with roadgrader with a Caterpil-
lar tractor following to fill in
on the ends of the terraces,
where the road grader is too long
to reach to the end. When all

/
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terraces are complete from end to
end and ridge height over canal
is up to the minimum elevation
for both the guardian canal and
all canals below it in the field,
terracing is complete. A field
of terraces will appear similar
to the aerial photo of terraces
in the Yacuiba valley, illus-
trated in Figure 2.

The sight of the bright orange
colored roadgrader becomes a vis-
ual symbol of terrace construc-
tion in our erosion control pro-
gram and 1is often seen as de-
picted in Figure 3, at some loca-
tion in the valley.

Aqui viene Figura 2

Luego Figura 3

Cost of Terrace Construction

Terraces in a field are well
located so that visual inspection
by others is often noted and
becomes a good demonstration for
other farmers to make note of to
see how the terraces actually
help to present rill and gully
erosion from becoming serious.
This 1is an important aspect of
terrace construction - to give an
example for others to follow.
However there is the cost to be
considered. The cost has been
arranged on a shared construction
basis, first - to promote the
building of terraces for the
purpose of demonstration, sec-
ondly to assist the farmer duriang
these rather difficult economic
times to build terraces to pro-
tect his land in the future.

In Table 4 these values are
tabulated:

Table 4



Cost - Terrace Construction

Lineal Time for Cost per

Distance Construction hour

Meters Hours SUsS.
1000 3.6 30
(3281"')

TOTAL Cost = SUS 108.00

The above costs are basic,
for road¥grader but the total
cost of construction is somewhat
variable because of the high
inflation rate in South America
countries and the value of the US
dollar to the Bolivian peso.
Another variable 1is in use for
the D-7 Cost of D-7/hour = §
50.00 to complete terraces by
filling the deeper gullies and
filling in the end of +the ter-
races which cannot be reached by
the long carriage of the roadw
grader. Some fields have no
gullies or small gullies which
can be filled in by the road-
grader. Where gullies are deeper
than 50 cm a Caterpillar tractor
with dozer blade must be used.
Average costs of terrace con-
struction 1in the ﬁ id Chaco,
including both roadgﬁader and
Caterpillar 1is about $§ 22.50 per
hectare ($9.11/acre).

The financing in southern
Bolivia is on a shared basis. 1In
order ‘o assist the cooperating
farmer, economically, because of
the difficult economic times in
Bolivia, and at the same time
complete a demonstration in ero-
sion control for others to see
who are not yet cognizant of the
program, the program pays 1/2 the
total cost of construction. This
includes the total cost for both
the roadgrader and Caterpillar
tractor with dozer blade for
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construction of all terraces on
the farm. The larger the farm
the greater the number of ter-
races necessary and the greater
the cost to the farmer. But in
every case the cost is op shared-
cooperative basis.

Future Program

Financing

Plans have developed to con-
tinve the roadgrader with assist-
ance from Caterpillar tractor
with dozer blade. Increasing
damages from erosion of farm
fields, roads, railroad, airport,
farm properties, highways, town
and village streets and small
watersheds, make it imperative to
continue a planned and well exe-
cuted effort in erosion control,
each year in the future. The
financing needs to be more ade-
quately provided for, to assure
farmers that they have the finan-
cial backing for terrace con-
struction. All involved need to
also be assured that all main-
tained heavy machinery is availa-
ble at all times to do the ter-

racing -for the minimum, one
roadgrader, and one Caterpillar
tractor with dozer blade. Be-

cause of the vast damages which
have occurred this past two years
in several of the small watershed
areas, financing still needs to
be secured to control major gul-
lies which have developed as well
to repair all the damages to
roads, highways, railroad and
other public facilities. Only a
well planned and financed program
can adequately do the job.

Conservation Tillage

Introduction

Conservation tillage simply
defined, is a system of tillage
that leaves protective of crop
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residue mulch on the soil surface
throughout the year. It can be
classified into three groups, no
till, strip till, and chisel.

No Till

With no-till also referred
to as zero tillage, seed bed
preparation and planting are com-
pleted in one operation. The
soil is disturbed only in the
seed row, an area no wider than 8
centimeters. About 90% of crop
area is left with protective crop
residue, depending on the pre-
vious crop. A no-till planter is
used which 1is equipped with
coulters to cut through the cov-
ering vegetation to deposit the
seed in a limited area.

Strip Tillage

With strip tillage the seed-
bed is prepared and seed is
planted in one operation as is in
no—-till but the row area is
wider; it makes up as much as
one-third of the field and is
cleared or tilled of vegetation.
The areas between the seed rows
are left untilled with protective
cover of crop residue.

Chisel

With the chisel enough resi-
dues are left on the surface
after planting to effectively
reduce erosion. In the chisel
system the entire seedbed is
loosened and part of the residue
is incorporated in the top few
centimeters of soil. Seed pre-
paration and planting can be done
in one or separate operations,
with a no-till planter.

Extensive research has
proved the value of conservation
tillage for soil erosion control.
Conservation tillage improves
water quality in our streams and
lakes because it reduces the
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,battling this serious problem and
“have been asking for constructidn of

Construction of Terraces

Terraces construction was ini-
tiated in July 1983 on the finca of
Antonio Mogro in Yacuiba valley, 6
terraces, totaling 2980 meters in
length, in a field of 20 hectares,
with a varying 4-6 % slope. Before
this initial attempet we had made a

]

terraces on their properties.





