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SUSTAINABLE MANAGEMENT OF TROPICAL STEEPLANDS:
AN ASSESSMENT OF TERRACES AS A

SOIL AND WATER CONSERVATION TECHNOLOGY

INTRODUCTION

Steeplands are typically characterized as
hIllSIdes WIth slopes greater than 20% (Lal
1988) In tropIcal regIons, land area With slopes
greater than 30% occupy shghtly more than 1
bIlhon ha, approxImately 16% of the total land
area (Purnell 1986) (Table 1) In Latm America
and the Caribbean, approxImately 400 mIllIon
ha are clasSIfied as steeplands (Purnell 1986,
Arsyad 1992) Many tropical steeplands are
margmally sUlted for agnculture smce they are
often characterized by low nutrient avaIlablllty,
low levels of organic matter and shallow top
soIls These characteristIcs, combmed WIth high
mtenslty monsoon rams, make them very
susceptible to erosIon The consequences of
us109 steeplands for agrIcultural productIon are
cause for concern on a local, regIOnal and global
scale smce unsustamable practIces on steeplands
also pose a series of problems for downstream
portIons of the watershed (Thurow and Iuo
1995) Terracmg steeplands IS a common
practice used to aId soIl and water conservatIOn
(Sheng 1986) ThIs pubhcatlon addresses five
tOpICS concemmg steepland management

I) Factors mfluencmg current patterns of
steepland use

2) Tradeoffs assOCIated WIth dIfferent terracmg
practIces affected by topographIC chara
cteristics (slope), SOIl characteristIcs,
precIpItation patterns, SOCIoeconomIC
mfluences (labor dynamICS) and traditional
agricultural practices

3) Tradeoffs of terracmg as a soIl conservation
practice for small fanners on tropical
steeplands relative to other conservation or
traditional no-conservatIon practices

4) Infonnatlon gaps that must be addressed to
evaluate the effectiveness of different
terracmg practices

5) Long-term Impact of steepland management
Improvements on the watershed

Challenges ASSOCiated With
Steepland Agriculture

Soli erosion IS the most slgOlficant
ecological restriction to sustamable agricultural
production on steeplands Measured rates of
soIl losses between 100-200 tonslhalyr have
been reported on many steepland areas
(Pimentel et al 1995) SoIl losses of 500
tonslha/yr have been estimated usmg models,
such as the UOlversal SOIl Loss Equation
(USLE), although these models were developed
usmg data from temperate systems and are
therefore of questionable value for direct
apphcatlon 10 the trOpiCS (Cook 1988) An
erosIOn rate of 100 tonslhalyr IS approximately
eqUivalent to losmg two cm of SOil

Steepland erosion rates are mfluenced
by preCipitation patterns, mherent soIl
properties, topography, land uses and
management practices High mtenslty monsoon
rams combmed With the runoff energy that can
be generated on steep slopes contribute to high
eroSIVity conditions Shallow soIls, rapid
decompOSitIon of htter whIch covers the soIl
and poor soIl structure charactenstlc of many
tropical steeplands contrIbute to hIgh erodlbtltly
condItions

ApprOXImately 51 % of tropical sites are
comprised of highly weathered, leached soIl
such as Oxlsols, Ultlsols, and Alfisols (Sanchez
1976, Lal 1990) One thIrd of steeplands have
high levels of alummum tOXICIty (Cook 1988)
Almost 17% of the sItes are composed of dry
sands and shallow soIls contammg psamments
and lIthiC groups (Sanchez 1976) Some
steepland solis, espeCially some of volcaniC
ongm, have hIgh mfiltratlon rates, which
reduces the potential for runoff and erosIOn and
are therefore more compatible With agricultural
use than others (Lal 1990) However, these
SOils may also have layers of subsoIl that
restrict percolatIOn resultmg 10 rapid mterflow
and an mcreased risk of landshdes when



Table 1 Area ofsteeplands In tropical regIOns of the world (purnell 1986)

Land Area (%)
Slope AfrIca Southwest South Central Southeast Total Area
(%) ASia AmerIca AmerIca ASIa 106 ha (%)
0-8 58 -45 52 35 40 3,340 51
8-30 34 31 30 40 31 2,107 33
>30 8 24 18 25 29 1,048 16

the surface SOlis become saturated thiS
slough109 hazard greatly Increases when trees
are cut and their roots, which help to stabilIze
the slopes, decompose

The malO causes of steepland
deterIoratIon are overgrazIng and deforestatIOn,
which are often associated WIth expandmg
cultivation of annual crops Steepland erosion
poses seflOUS SOCioeconomiC and ecologIcal
concerns for the entire watershed because the
actions on the uplands may result m sIltatIOn
and large flow changes m flvers downstream
(Increased floodmg nsk durmg the ramy season
and decreased base flow dunng the dry season)
Forests, which ongmally prOVIded cover,
thereby dlsslpatmg ramdrop energy, tymg the
sod to the slope and helpIng to moderate
seasonal flow rates, are the most secure way to
maIntaIn stable watershed conditIOns (Thurow
and Juo 1995) Given the problems associated
With cultlvatmg steeplands, why are forests
beIng cut down, people setthng In these areas
and expandIng agnculture to these margmal
hillSides? In particular, why IS It Important to
study steepland agncultural systems when It IS
clearly better that these lands be managed as
forests?

Cultivated area of the earth has
Increased 5 7 fold SInce 1700 and has
approximately tripled SInce 1850 (Pimentel et
al 1995) FertIle lands condUCive to farmmg
have been settled long ago As population
grows, the poorer segments of the farmmg
communIty mcreasmgly develop margmal Sites,
such as steep and less fertIle lands The world
populatIon IS expected to double by the year
2050, With most of thIS Increase (86 millIon out
of 90 mIllIon/yr) In ecologIcally senSItive
regIons of the trOpICS where arable land IS
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already scarce (Lal and Stewart 1995) In many
of these ecologically sensItive regIons
populatIOn growth already exceeds It'S rate of
mcrease for agricultural output Projected
populatIon mcreases WIll double food
reqUirements m developmg countries and
necessitate further expansIOn to land unSUitable
or margmally SUitable for agnculture (LaI and
Stewart 1995)

The result of agrIcultural expansIOn has
been fragmentatIOn of small holdmgs and an
mcreased number of rural landless populatIOn
(Cook 1988) It IS predicted that by the year
2000 populatIon pressures wIll cause such
severe fragmentatIon of land that per capIta
arable area wIll be 0 15 ha m the Far East, 035
ha m ASia and 0 45 In LatIn AmerIca (Lal and
Stewart 1995) Land holdIngs are already
conSiderably reduced For example, the average
farm size IS only about I ha of land per family
m EI Salvador (AnniS et al 1992) and 50 5% of
the rural populatIOn IS landless or owns less than
07 ha (SIECA 1989 In Uttmg 1993)
PopulatIon pressure and mcreasIng land
fragmentatIOn are dnvmg changes 10 cropp109

patterns and deforestatIon
The traditional pattern of tropical

steepland use IS largely based on a rotation
system that requires large tracts of land
necessary to accommodate a long fallow perIod
Native vegetatIOn IS cut and burned prIor to
plantmg annual crops After the gram IS
harvested these fields are often mtensely grazed
dUrIng the dry season (Thurow and Juo 1995,
Nye and Greenland 1960, Sanchez 1976) Once
under cultivatIOn, steep slopes are susceptible to
high erosIon rates which results m progressive
dechnes m crop productIVIty (PImentel et al
1995) For example, after forests were cut and
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replaced with cassava or groundnuts In the Ivory
Coast, erosion mcreased from 0 05 tons/ha/yr to
750 tons/ha/yr (Roose 1988) The traditIOnal
shlftmg cultIvatIOn system can be a relatively
sustamable practice (Cook 1988), but mcreasmg
human population has mtenslfied pressure on
eXisting agncultural lands and resulted 10 a
reduction or ehmmatton of fallow rotation
(Pimentel et al 1995, PIa Sentls 1992),
threatening the sustamabhty of traditional
croppmg systems

Subsistence farmers face a dilemma
between the need for producmg food and
harvesting wood to meet their dally needs and
sustamably managmg the s01l resource to ensure
long-term productiVity of the site Almost all
small farmers worldWIde rely on fuelwood for
energy purposes, compoundmg agncultural land
degradation With deforestation (FAa 1983,
Goodman 1987) When land IS cleared for
farming, the wood products are used first for
buddmg and constructIOn and the remammg
trees and shrubs are cut for fuelwood (Cook
1988)

When woody material no longer meets
the fuel needs of the locale, crop reSidues and
animal wastes are burned as a substItute for
fuelwood, further degradmg the SOIl by
depnvmg them of mputs of organIc matter and
protectIon through cover For example,
appoxlmately 60% of crop reSidues 10 Chma
and 90% 10 Bangladesh are removed and burned
for fuel each year (Wen Daznog 1993 10

Pimentel 1993) More than 70% of EI
Salvador's population rehes on fuelwood, which
accounts for 95% of the natIonal consumptIOn
of wood products (Heckadon 1989 10 Uttmg
1993) StudIes conducted by CATIE mdlcate
that nearly three quarters of all Central
Amencan households (72%) use fuelwood, WIth
a dally per capIta consumptIOn rate of
approXimately 2 5 kg (Martmez 1986 and
Heckadon 1990 10 Uttmg 1993) ThIs IS not
uncommon for many regIOns of the world
(Uttmg 1993, Durnmg 1993)

Often, forest products produced on the
uplands are not valuable enough to offset the
effort to control wood harvestmg and settlement
by squatters In fact, governments often view
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dIsbursement of upland titles as a mechamsm to
placate the land needs of the rural poor Without
antagonIzmg the wealthy and pohtlcally
powerful land owners With land reform Many
developmg countrIes have poltcles and laws
which directly or mdlrectly foster deforestatIOn
and steepland settlement

Land tenure exacerbates population
pressures The most common situation among
small land holdmgs 10 tropical areas IS land
occupatIOn for short perIods of time Without any
legal nght of settlement (Pia Sentls 1992)
Unstable land tenure IS often the root of a
subSistence farmer's mablltty/unwllhngness to
rIsk mvestment for a long-term benefit (Thurow
and Juo 1995) It IS often subSistence farmers 10

the lowest economic and SOCial strata, those
With the least tolerance for nsk, who clear and
use steeplands for agrIcultural purposes The
combmation of reduced land avallablhty and
msecure tenure results m farmers uSing
unsustainable farmmg practices while trymg to
prOVide for their famlhes Immediate needs

The lack of avaIlable land coupled With
mcreasmg demands to prOVide the neceSSities of
hfe are causmg a shift m the role of women on
the farm Women are mcreasmgly becoming
the head of food production actiVities because
the men often partiCipate m seasonal, migrant
labor patterns to eam cash necessary to prOVide
for some of the famlhes needs such as medlcme
and education Shortage of these necessIties
results 10 dechnmg family health (particularly
seen 10 high mfant mortahty rates), lower
nutritIonal status and mcreased poverty This
trend IS partially responSible for the rapid
growth of Cities and urban "slums", as farmers
leave unproductive land and migrate to CIties to
seek employment

ErOSion not only damages the
ImmedIate agncultural area where It occurs, It
negatively Impacts the surrounding area wlthm
the watershed Eroded soll moves Into rIvers
and reservOIrs and causes accelerated s1ltatlon
which shortens the hfe of hydroelectriC plants
and mcreases costs for dredgmg As nvers Silt
up and runoff mcreases, floodmg becomes more
of a problem and can result m heavy finanCial
losses Other off-Site effects Include



eutrophication of waterways, sIltation of harbors
and channels, loss of reservOir storage, loss of
wlldhfe habitat, disruption of stream ecology,
floodmg, damage to public health and mcreased
water treatment costs (Pimentel et al 1995,
Gray and Leiser 1989, Thurow and luo 1995,
Pia Sentls 1992) Downstream residents are
therefore duectly Impacted by decIsions made
by upland farmers and ranchers

In order to address soil conservation
adequately, It IS Important to understand the
lInkages wlthm a watershed and how
conservation farmmg 10 upland systems affects
the system as a whole and the tradeoffs and
declslon-makmg process of upland farmers and
downstream residents Most research on sotl
erosion and erosion control has been done on
flat or roilIng land with a maximum slope of
less than 20% (Lal 1988) Research on
steepland has been neglected 10 part because
these lands are marg10al for agncultural
production and are therefore not targeted for
study Unfortunately, thiS lack of research does
not mean that thiS land IS not be10g used or
cultivated (La] 1988, Purnell 1986)

The hkehhood of expansIon of
agricultural actiVitIes on tropical steeplands
makes research a press109 need, specifically
focusmg on steeplands as an 10tegral part wlthm
the watershed and studymg steeplands wlthm
the context of the landscape m which they eXist
(FAD 1990, Aldhous 1993, Lal and Stewart
1995, Thurow and luo 1995) In fact, steepland
destablhzatlon has been demonstrated to have a
cascadmg effect, makmg theu management a
keystone factor 10 ecosystem and watershed
10tegnty Usmg watersheds as a plannmg umt
can 10ternahze the costs of upland SOIl and
water conservation actiVitIes With the benefits of
such programs to downstream users (Thurow
and luo 1995) It IS useful to summanze
research that has been conducted on steeplands
because It 10dlcates gaps 10 past research and
highlIghts Imphcatlons for the effectiveness of
terrac10g to aid steepland SOil conservation
Future pubhcatlons m thiS senes Will hlghhght
other Viable conservatIOn practIces
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Processes Resnltmg In Land
DegradatIOn on Steeplands

Deforestation, cultivation and over
grazmg of steep slopes have often led to
accelerated degradation and erosion of tropical
steepland and the associated watershed system
The mterrelated problems resultmg from these
practIces are

• deterIorated soIl structure
• reduced hydrologiC condition
• accelerated erosion and runoff
• reduced fertility

Deterzorated SOli Structure

Loss of SOIl structure occurs most
rapidly where there IS a lack of ground cover
Cover aids mamtenance of aggregate structure
by mterceptmg and dlsslpatmg the kmetlc
energy of ramdrops Ramdrops have high
erosIve energy, often represent10g a greater
erosion threat than overland flow Ram drops
stnkmg exposed SOil act as tmy bombs,
breakmg up SOIl aggregates and launchmg
particles mto the air, dlspersmg them up to I m
or more (PImentel et al 1995, Satterlund and
Adams 1992) On slopes, splash erosion
displaces the SOil downhill, result10g m a net
sotlloss Thus, Significant SOIl erosion may be
occurrmg even though there are not nils or
gulhes present The traditional practice of
burnlOg reSidues exposes the SOil and reduces
orgamc matter, which IS an Important
component 10 the formation of water stable
aggregates The aggregates creatmg the SOIl
structure must malOta1O their structural mtegnty
when wet If IOfiltration through those pores IS to
occur SoIls loosened by tIllage and weedmg
are more eaSily detached Annual crops do not
develop extensive root systems necessary to
stabilIze the slope and reduce the nsk of
sloughmg The loss of the phySical SOIl
structure degrades the SOil'S potential for
sustamable cultivation



Reduced HydrologIc CondItIOn

Vegetation cover and sOil structure are
the greatest factors affectmg the mfiltratlon rate
of sOils that can be mfluenced by management
Cover mtercepts ramdrops and diSSipates their
kmetlc energy before they stnke the SOIl, thus
protectmg the pore mtegnty of the surface
structure and makmg It less likely that pores
Will be clogged by dlsaggregated sOil particles
which may result m a "wash m" crusted layer
that can reduce infiltration rate by as much as
90% (Boyle et al 1989) Moderately eroded
sOils absorb form 10 to 300 mm/yr less water
than uneroded SOIls, or between 7 to 44% of
total rainfall (Lal 1976)

As topsoil IS lost so IS water storage
capacity A decrease In water storage capacity
may result In crops running out of available
water sooner In a dry spell This may result In

farmers assertmg that droughts are becoming
more frequent and severe, when In reality the
loss of sot! mOIsture storage capacity has
shortened the time to when crops manifest the
SignS of drought stress SoIl organic matter from
decaying vegetative cover IS also Important
because It bmds, hghtens, and expands the s01l
and enhances formatIOn of water-stable
aggregates In addition, decaymg organic
matter provides channels for water movement
mto the sOil, thus mcreasmg s01l POroSity For
these reasons, not burnmg or grazmg the crop
reSidues can help malntam SOIl structure and
hydrologic condition

Runoffand Accelerated SOli ErOSIOn

The loss of sOil structure combmed With
lower infiltratIOn rates results In accelerated soIl
loss and runoff as greater amounts of water flow
overland rather than percolate through the soIl
Floodmg hazard mcreases as the peak flow m
waterways associated With mdlvldual storm
runoff events mcrease Conversely, because
less water enters the SOIl, there IS less mterflow
through the SOIl and therefore a dechne In

waterway baseflow durmg the dry season
Siltation of downstream waterways occur as

5

eroded SOIl particles are broken up and carned
away by the force of water flOWing overland, a
process which IS exacerbated on steep slopes In
additIOn, accelerated runoff and erosion carry
away nutnents bound to SOIl aggregates m the
fertile topSOil, further reducmg nutnent reserves
m the SOil

Natural or geologiC erosion results from
chmatlc and topographic conditions and IS
mdependent of human actiVities Accelerated
erosion IS defined as an Increase m SOil erosion
associated With human activities related to
changes 10 vegetation cover and/or the phySical
properties of the SOil The erosIOn rate must be
equal or less than the rate of SOil formation If
sustamed, long-term productiVity IS to be
mamtamed

SOIls form slowly It takes between 200
and 1000 years or more to form 2 5 cm of
tops01l (Pimentel et al 1995) ErOSIOn
represents a threat to the long-term
sustamablhty of the system when SOIl IS lost
more qUickly than It IS formed ErOSion IS a
functIOn of the erosIvity of the detachment
factor (energy of water and wmd actmg on the
SOIl) and erodlblhty of the s01l (phySical
charactenstlcs, topography, type of land use and
type of vegetatIOn) (Smith and Wlschmelr
1957) EroSion IS intenSified on slopmg land
where more than half of the SOil contamed m the
splashes IS carned downhill (Pimentel et al
1995) The four major s01l erosion processes
are (1) mtenll erOSion, (2) nIl transport, (3)
gully erOSion, and (4) stream bank erosIOn
(Mutchler et al 1994)

Intenll erosIOn results from the detachment
of soIl as a result of ramdrop splashes
combmed With thm surface flow of water
This thin flow of water IS highly turbulent
and has a high erosive capacity Extreme
mtenll erosion IS eVident when, for
example, SOIl pedestals are formed by
erosion around an area covered by a
resistant matenal, such as rock The fact
that the surround109 soIl IS eroded Without
undercutting the soll under the resistant cap
Illustrates that ramdrop splash IS the major
transport mechanism, rather than surface



2 flow Therefore, although no runnmg water
IS observed, water erosIOn may stili be
takmg place

3 RIll erosIon begms as the dIffuse water
movement causmg mtenll erosIon
concentrates mto dIscrete flow paths

4 Gully erosIon IS defined to be occurnng
when a crevIce greater than about 30 cm has
formed

5 Stream bank erosIon results when water
flowmg through streams or flvers cuts mto
the banks

NutFlent DefiCiency

Nutnent defiCIency and drought stress
are common and often mterdependent factors
hmltmg agronomIc productIon on steeplands
SOIl loss reduces both water holdmg and
nutnent holdmg capacIty Compoundmg the
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problem IS the mherent vulnerablhty of many
tropIcal steepland sOIls due to theIr poor
chemIcal composItIOn When nutnent reserves
are depleted by erOSIOn, plant growth IS stunted
and crop yIelds declme (PImentel et al 1995)
About 95% of the nitrogen and 25-50% of the
phosphorous IS contamed m the SOIl'S orgamc
matter (PImentel et al 1995), whIch IS scarce m
contmually cultIvated fields especIally If they
are annually burned and/or heavily grazed after
the gram IS harvested Crop yIelds In severely
eroded SOIls are lower than those on protected
SOIls because SOIl erosIon reduces sod fertlhty
and water avallablhty For example, corn yIelds
on severely eroded slopes m Kentucky have
been reduced by 12-21% and up to 24% m
IIlmols ErOSIOn at a sIte m the Phlhppmes was
documented to cause com productIVIty to
dechne by 80% m 15 years (PImentel et al
1995)



USE OF TERRACES AS SOIL
CONSERVATION STRUCTURES

SOIl conservatIOn practIces fall Into two
general categones 1) agronomIc or crop and
vegetatIve management, such as crop rotatIon,
stnp croppmg, cover crops, multIple croppIng,
green manunng, mulchIng, agroforestry, grazIng
and forestry management, and 2) structural or
mechamcal methods, generally used to control
the movement of water over the SOIl surface
mcludIng contourmg, contour bunds, waterways
(dlverston dItches, terrace channels, and grass
waterways), stabIlIzatIOn structures (dams,
wattles), wmdbreaks, and terraces (dIverSIOn,
retentIon, and bench) (Morgan 1986, Bennett
1970)

Terraces are embankments constructed
on contour across the slope and are used to
reduce the steepness and length of slope and to
mtercept surface runoff and convey It to a stable
outlet at a non-erosIve velOCity (Morgan 1986)
Plantmg grasses, shrubs, or trees along terrace
edges stabIlIzes the terrace structure, and can
prOVide other benefits, such as fuelwood,
mtrogen fixatIOn and forage Combmmg
phySical structures WIth multI-use vegetatIOn
planted to stabilIze the terrace edges IS a
common conservation practIce (Thurow and
Juo 1995)

By substantially decreasmg SOIl and
nutrient loss, conservatIon technologIes preserve
water holdmg capaCIty, soIl fertIlIty and enable
sustamable crop productIon In many mstances,
the use of conservatIon technologies may
mcrease crop yIelds by 50% (PImentel et al
1995, SIebert and Belsky 1990) Much research
has compared SOIl loss and runoff rates of soll
conservation structures such as terracmg WIth
tradItIonal farmmg methods and/or bare plots to
assess the effectiveness of these practices (Table
2) Although most studIes do not mclude
cost/benefit comparIsons of terraces WIth other
conservatIon methods or no conservatIon, they
conclude that terraces can be a practical method
for reducmg erosIon and runoff
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History of Terraces

Terraces have a long hIstory of use by
agncultural cultures around the world, the
earliest datIng to Chma, around 2000 BC (Troeh
and Thompson 1993) These early CIVIlizatIOns
whIch used terracmg methods were generally
charactenzed by needIng to farm slopmg lands
and havmg an abundant human resource pool
for labor In the Yangtse Valley, In twelfth
century AD, the Mongols forced Chmese In

some regIOns to retreat to the mountams where
they began to farm usmg terraces to hold the
SOIl on the steep slopes In the PhllIppmes,
Java, Sn Lanka and IndIa, farmers have been
bUlldmg terraces for over 2000 years (Bennett
1970) In Yemen, terraces 1 5 to 5 m hIgh have
been contmuously cultIvated for 3000 years
(VogeI1987) These techmques were passed on
by the Arabs to Spam m the tenth century when
Spam was conquered Terracmg and large scale
lITIgatIon structures were used before 360 AD m
AntIoch, SyrIa, whIch supported a populatIon of
400,000 at that tIme (Bennett 1970)
Knowledge of terracmg and lITIgatIon was
mtroduced mto Greece by 600 AD (Bennett
1970) In Afnca, a tradItIOnal method stIll used
today IS fanya jUU terracmg, meamng "throw
upwards" m SwahIlI ThIs IS a method whereby
a dItch IS cut along the contour and the
excavated SOIl IS thrown above the dItch,
creatmg a hump that serves as a bamer to
overland flow (Thomas 1988)

In Peru, the Incas and theIr predecessors
had developed hIghly effiCIent methods of
conservmg soIl on steepland, datmg back to
1400 to 1532 AD The pre-Inca culture Chavm,
datmg from 900-200 BC, already used terracmg
of mountam slopes, constructIOn of raIsed fields
for mtenslve cultIvatIOn and sophIstIcated
lITIgatiOn and dramage systems (Burger 1992)
The Incas bUIlt large scale, complex terraces
whIch were supported by stone retammg walls
bUIlt along the contour, varymg from 2 5 to 17
m m heIght and from 1-3 m m thIckness SoIl
was filled m by hand behmd the walls, the lower
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Table 2 ComparISon of past studies uSing terraces as a soil and water conservation technology ID tropical steepland regIOns
Blank spaces ID the table IDdlcate that the particular IDformation was not reported ID the publIcation

Slope RalDfall Soil type Plot Size Sod Loss RUDOff Study length
Country Conservation Type Crop (%) (mm) (m) (tons/ha/yr) (mm/ha/yr) (yes) Source

Burundi bare bare 40 permeable 440-880 15 Durand 1984

traditional cassava 49 70-90 Roose 1988

grass barriers cassava 49 29-50

traditIOnal maize and beans 49 150
bench terraces maize and beans 49 5 - 11

DominIcan bare bare 30 1530 TYPlc- 10 plots 1254 579 1 Veloz and

RepublIc traditional mixed grams 30 Tropor- 15 x3 m 187 166 Logan 1988

no-tillage mixed grams 30 thent 2 11
rock wall typical tillage mixed grams 30 163 142

grass stnp/lullslde ditch mixed grams 30 81 111

EI Salvador traditional maize and beans 30 1900 loamy to 110 2 Sheng 1979

traditional 30 clay loam 127 Sheng 1989

bench terraces maize and beans 30 33

grass barrier maize and beans 30 71 5

Ethiopia traditIOnal grams 28 1566 Nltosol, 9 plots 123 2 Kejela 1992

graded bund grams 28 Regosol, varymg 64

fanyajuu grams 28 and 30x6m 56

fanya JUU 1985 grams 12 Luvlsols 15 x2 m 73

fanya JUU 1986 grams 12 3xlm 39

badlands With grass grams 16 269

badlands With gully grams 16 322

traditIOnal lentIl 425 171 1 Keddeman

grass stnp lentil
I

35 526 1992

graded fanya JUU lentIl 147 1103
level fanyajuu lentil 25 702
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Table 2 Comparison of past studies usmg terraces as a soli and water conservation technology m tropical steepland regions, contmued

Slope Ramfall Soli type Plot SIZe Soli Loss Runoff Study length
Country Conservation Type Crop (%) (mm) (m) (tons/halyr) (mm/halyr) (yrs) Source

Honduras tradItional maIze and sorghum 60 1800- Entlsol, 6 plots 154 141 I SIerra 1996

rock wall terraces 2900 Alfisols, 2x5m 1 78 53

at 6 m Intervals maIze and sorghum 60 Molhsols

tradItIonal maIze and sorghum 60 TypIc 4 plots 872 05 Thompson

rock wall terraces maIze and sorghum 60 Haplustalf 385 1992

IndoneSIa tradItional peanuts and corn 33-38 1945 red-yellow 10 plots 40 I SIebert and

bench terraces peanuts and corn 33-38 podzohcs 15xlOm 10 Belsky 1990

grass bunds peanuts and corn 33-38 07

Jamaica tradItional yeHowyams 30 3300 clay loam 133 4 Sheng 1979

tradItIOnal yellow yams 30 1209

bench terraces yellow yams 30 155

htllslde ditches yellow yams 30 236

mdlvldual mounds bananas 30 345

tradItional bananas 30 183 2 Sheng 1989

bench terraces bananas 30 155

hIllSIde ditches bananas 30 19 1

Java tradItional maIze, mixed gram 1945 126 42634 2 Fagland

bench terrace maIze, mIxed gram 1 5 2164 6 MackIe 1988

ndge terrace maize, mIxed gram 57 49635 and

traditional maIze, mixed gram 211 2 885 EI-Swalfy

bench terrace maize, mIxed gram 28 795 et al 1985

ndge terrace maIze, mIxed gram 58 1305

tradItional maIze, mixed gram 1064 390

bench terrace maIze, mIxed gram 75 345

ndge terrace maize, mixed gram 1500 990

mdlvldual terraces maIze, mixed gram 96 48732
traditional potatoes 10 1361 2595

MalaySia traditIOnal peppers 60 107 Hatch 1980

tradItional peppers 58 3048- red-yellow 3 plots 63

bench terraces peppers 58 5588 podzohc 4x 10m 1 4
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Table 2 ComparISon of past studies uSlDg terraces as a sod and water conservation technology ID tropical steepland regIOns, contmued

Slope RalDfali Sod type Plot sIZe Sod Loss Runoff Study length
Country Conservation Type Crop (%) (mm) (m) (tonslha/yr) (mmlha/yr) (yrs) Source

Sierra Leone traditIOnal nce 31 407-545 1 Mlllmgton

bench terraces nce 31 753 1982

stone bundmg nce 31 30

contour bundmg (SOli) nce 31 18

traditional cassava 31 11 2-55 1

stone bundmg cassava 31 44

contour bundmg (soil) cassava 31 1682

Taiwan reverse slope tea 32 1472 clay 09 1074 6 Llaoand Wu

level bench tea 32 loam 32 1325 198710

outward slope tea 32 174 22816 Lal 1990

traditional tea 32 246 2708

reverse slope tea 27 1457 04 99 9

level bench tea 27 09 1297

outward slope tea 27 35 1559

traditional tea 27 33 1748

reverse slope banana 28 2349 16 88087 2

level bench banana 28 1 6 2396

outward slope banana 28 68 8973

traditional banana 28 925 15339

reverse slope CitruS 28 1743 8 1 4357 3

level bench CitruS 28 0 314

outward slope CitruS 28 65 5159

traditional CitruS 28 1564 12863

traditIOnal mixed grams 52 2500 loam 208 Sheng 1989
traditional cassava 52 2500 clay loam 128

Thatland traditional 20 74 Harper and

bench terraces 20 26 EI-Swalfy

traditIOnal 35 155 1988
bench terraces 35 34



levels of the terraces bemg filled with gravel
and stone and the upper portIOn wIth 2 to 3 feet
of fertIle sOli The terraces were lITIgated by
stone aqueducts from water sources that were
often located kIlometers away It IS estimated
that about 1 million ha of land was terraced m
Peru under the Inca empire, of whIch about one
thIrd IS still m cultivatIOn today (Denevan 1985
m Lal 1990) WillIams (1987) estimates that
these terraces are retamed by 3 bIllIon m3 of
rock wall that would have reqUired at least 4
mIllIon person-years of labor for the wall
construction alone (Lal 1990) 11us system IS
clearly a result of careful planmng and design as
plots of consIderable size were developed at the
same time, reqUlrmg a very sophisticated
orgamzatlonal system of human labor The Inca
techmque of usmg rock walls to construct
terraces IS a method still used throughout Latin
America today

Terrace System Design

Since the 1920's, modem agncultural
societIes have further developed designs,
specificatIOns and methodologies for terracmg
(Bennett 1970) There are many different
clasSificatIOns and designs of terraces Shaxson
(1989), defines terraces as cross-slope structures
designed to control runoff, with two mam forms
and many vanatlOns (1) where the crop IS
cultIvated on the leveled structures themselves
("benches") and, (2) where the crop IS
cultivated m the spaces between the structures
or benches

Sheng (1977, 1986) gIves speCificatIOns
for dIfferent types of terraces (Table 3),
Illustrated and explamed m detal1 m the
follOWing sectIons When conSidering what
type of steepland sOil conservation techmques to
apply there are five baSIC factors to conSider
(Sheng 1989)

• Runoff Control ConservatIon techmques
should faCIlitate the slowmg, dIverSIon, and
safe disposal of overland flow
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• ErOSIOn control Conservation techmques
should reduce SOIl loss m the field

• Integrated Land Management Measures
should not be Isolated m the field Soli
conservation IS an mtegrated system of land
management that should mclude efforts to
conserve sOils m order to Improve crop
productIOn though enhanced sOIl and
nutnent management

• Cost EffectIveness Costs and effectIveness
of conservation structures should be
weIghed carefully

• Opportumty for ChOice Structures should
be adapted to meet the needs and chOices of
mdlvldual farmers

Bench Terraces

Sheng (1989) defines bench terraces as
a senes of level or nearly level stnps runmng
across the slope at certam vertIcal mtervals
These level StriPS are used for cultIvatIon and
are supported by steep banks or nsers made of
earth or rocks Reasons for usmg bench terraces
mclude

• Creatmg arable lands on hIllSIdes
• Increasmg chOIces and crop diverSity when

land IS flat
• Retammg sOil mOisture and mcreasmg crop

production
• Increasmg lITIgatIon and mechanIcal

potential
• Encouragmg settled farmmg and reducmg

shlftmg cultivatIon
• Decreasmg erosIon

Bench terraces are conSidered to be
among the most effectIve structural erosIon
control measures (Sheng 1989) They can
reduce erosIOn by 90-95% or more and have
mcreased crop productIon by 200-300% m
Jamaica, WIth the proper SOIl management
(Sheng 1989) Their dIsadvantage IS that they
are also the most labor mtenslve conservation
technology



Table 3 Design specIfications for the primary types of terrace systems (Sheng 1986)
SpeCIficatIOns

Treatment WIdth of Length HOrIzontal Reverse RIser Slope VI or Spacmg"
bench gradlent2 grade slope3

(m) (m) (%) (%) (%)
Bench terraces

SxWb
hand made 25-52 <100 up to 1 5 075 1 12-47 100-S x 075

machmes 34-82 <100 1 5 1 1 12-36 SxWb
100-Sxl0

HIllSIde dItches I 8-2 <100 I 10 075 1 <47 ill or S±2
10 10

IndIVIdual I 5-2 I -- -- 10 075 I <47 dIstance of crop
Basms round
Orchard I 8-25 <100 I 10 075 I 47-58 11-13 m along the
Terraces slope
Intenmttent 25-5 <100 1 5 075 I 12-47 3 tImes the bench

terrace
ConvertIble 2 5-5 <100 I 5 075 I 12-47 as hIllSIde dItch
Natural terraces 8-20 -- -- -- I I <12 I m VI
Wb =WIdth of the bench (flat part), VI =Vertical Interval between two succeedmg terraces whIch detennmes
spacmg, S = Slope (rIse over run) 10 %

Length The length of a terrace IS hmlted by the size and shape of the field and the penneablhty and
erodIblhty of the sod Longer terraces are more effiCient, particularly for mechanIzed agrIculture and
reduce the cost of constructIon but they must be constructed to very tIghtly controlled speCIfications to
aVOid 10creasmg the rIsk of accelerated runoff and erosIon (Sheng 1977)

2
Gradient It IS very Important to control the grade (slope) of a terrace In low ramfall areas WIth permeable

SOils a honzontal grade of less than 0 5% IS recommended, whde areas WIth mtense ramfall and heavy
sods should use a I% hOrIzontal grade 10 order to better manage excess runoff A reverse grade of 5%
IS also recommended to prevent runoff hazard For very narrow terraces, a reverse grade of 10% IS
needed to aVOid hillSIde shppage (Sheng 1977)

3 Riser and Riser Slope The rIser IS the zone of elevatIon 10crease between the two terraces (FIgure 1) The
heIght of the flSer IS dependent on the WIdth of the terrace A very hIgh flSer IS more dIfficult to
construct and mamtam A height of 1 8 to 2 m, after setthng, has been found to be the practIcal hmlt
The slope of a flSer depends upon the texture of the SOIl and the tools and materIals to be used m
constructIOn A rIser slope of 1 1 (hOrIzontal WIdth verttcal heIght) IS recommended for machme budt
terraces and 075 I for hand made ones prOVIded they are compacted well enough and protected by
grass cover or a rock wall The mInImum sod depth IS obtamed by dlvldmg the heIght of the flSer by
two

4
Vertical Interval (VI) IS the elevation difference between two succeed109 terraces It IS determmed by the

slope of the land and the WIdth of the benches, usmg the above fonnula, where S IS the slope ( %), Wb
IS the Width of the bench and U IS the slope of rIser (ratio or hOrIzontal distance to vertical rIse usmg a
value I 0 for machme budt terraces and 075 for hand made ones) (Figure 1) (Sheng 1977)
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--The four main types of bench terraces
are (1) level, (2) outward-sloped, (3) runoff
conservation, and (4) reverse-sloped (FIgure 1)
Level bench terraces are completely level and
possess no slope on the bench Itself Outward
sloped bench terraces are sloping shghtly
downhIll or outward These reqUIre less soli to
be moved durmg constructIon and are thus
easIer to build than reverse-slope terraces whIch
slope mto the hIll Reverse-sloped bench
terraces are sUItable for the followmg
condItions heavy, monsoon rams, steep slopes
under cultlvatton, dense populatIons wIth small
holdmgs, and hIgh rural unemployment
ConservatIon terraces are deSIgned to harvest
water and dIrect It to the bench The chOIce of
whIch terrace structure to use depends pnmanly
on ramfall and soIl charactenstlcs and labor
avaIlablhty The two most conventional, more
costly terrace deSIgns are (1) IrrtgatlOn terraces
(or nce paddles), used mamly for Irrtgated
crops, and (2) reverse-sloped bench terraces,
whIch are pnmanly used for ram-fed upland
crops and Imgated m the dry season (Figure 2)

Bench terraces can be used on slopes
between 12-47%, on relatively deep sods on
SItes that are not too stony (Sheng 1989)
Natural (or gradual) and formally constructed
bench terraces can be effectIve 10 erosIOn
control on steep slopes up to 58% or more
(LUPE 1994) They can be bUllt by manual
labor, anImals, or machmery HillSIde ditches
may be combmed WIth bench terraces on slopes
up to 47% HIllSide dItches help to retam water
along the contour and enhance terrace dramage

The Width of the bench on a terrace
should be 2 5 to 5 m WIde, less than 100 m long,
have a 5% reverse slope, and the Tlser to slope
ratIO should be 0 75 1 or 1 1 (FAa 1977, Sheng
1989) Morgan (1986) dehneates broad based
types of terraces which occupy a Width of 15m
and narrow based types which would occupy a
Width of 3-4 m The theoretical formula for
bench terraces m a steady state conditIons on a
hillSide can be expressed as Qw = (R - z) L cos
e, where Qw IS runoff, L IS the slope length, R IS
the ramfall mtenslty, z IS the mfiltratIon capacIty
and e IS the slope angle Empmcal formulae for
construct109 terraces vary, partIcularly by
country It IS recommended that three or more
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of the emplTlcal formulae be used and the
spacmg be based on a consensus of the result
(Morgan 1986) Table 4 gIves examples of
emplTlcally based formulae for terrace spacing
calculatIons for dIfferent countnes An example
of recommendations for bench terrace
construction are demonstrated by specificatIons
given for 5-25% sloping land 10 the Loess
Plateau, Chma, Illustrated 10 Table Sa and 5b
and Table 6 (Fang et al 1980, FAa 1988)

Studies on the effectIveness of bench
terraces In controlhng runoff, erOSIOn, and the
costs and benefits of domg so have been
performed 10 a number of countnes With
varymg conclUSIOns among dIfferent regIons
(Table 2) In JamaIca, bench terraces reduced
SOli loss from 121-133 tonslha/yr under yellow
yams and 183 under bananas to 15 5 and 15 5
tonslha/yr on 30% slopes, respectively (Sheng
1979, 1989) In EI Salvador bench terraces
reduced SOlI loss from 110 to 33 tonslha/yr on
30% slopes under maize and beans (Sheng
1979)

In ThaIland, bench terraces reduced SOil
loss from 674 to 26 tonslha/yr on 20% slopes
and 155 to 34 tonslha/yr on 35% slopes (Harper
and EI-Swalfy 1988) In Java, IndoneSia, a
vanety of terrace deSigns were studIed WIth
traditional croppmg patterns WIth mIxed crops,
Yleldmg SOli loss of 12 6 tonslha/yr for
traditIOnal plots and I 5 tonslha/yr for bench
terraces and reduced runoff from 4263 4 to
2164 6 mmlha/yr (FagI and Mackie 1988) On a
second Site, soIl loss was reduced from 212 to
2 8 tonslha/yr whIle runoff was reduced from
888 to 795 mm/ha/yr (EI-Swalfy et al 1985) In
Taiwan, four years of research was conducted
comparmg varIOUS terrace deSigns such as
reverse slope, level terraces and outward slopmg
terraces on 17-32% slopes under tea, banana and
CitruS (Llao and Wu 1987 10 Lal 1990) Table 2
shows a summary of these results, which
10dlcate that level and reverse slope benches are
more effective 10 reducmg soll loss and runoff
than outward slopmg terraces In MalaySia,
bench terraces were shown to reduce soIl loss on
35% slopes under peppers from 63 to 14
tonslha/yr (Hatch 1981, Chisel 1981, Pimentel
1993)
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Figure 1 Types of bench terraces The dotted hnes represent the orlglDal slope of the land
surface (Sheng 1977)
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2

Type

Level bench
terraces (Irrigation
terraces or nee
paddles)

Reverse-sloped
bench terraces

Cross-sectional view

CONVENTIONAL SYSTEMS

Use

Mamly for nee or Irngated
crops

Ram-fed crops and/or Irngated
crops m dry season

SIMPLER AND LESS EXPENSIVE SYSTEMS

~atural terraces
(stone retention
walls, grass
bamers, contour
bunds, fanyaJuu)

2 Intenmttent
terraces

3 Convertible
terraces

4 Orchard terraces
with benches 1 75
m Wide and
mdlvldual basms

Upland crops on slopes < 12%
Terraces fonn naturally after
several years

Upland or Irngated crops on
slopes < 36%, mter-spaces can
be terraced over several years

Mixed farmmg uses or for
fleXibilIty m future land use,
slopes < 36%, trees planted m
mdlvldual basins

Tree crops or fruit trees on
steep slopes> 46%

Figure 2 Cross-sectaonal views ofvaraous terracang designs
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Table 4 Empirical formulae used by 5011 conservation agencies ID different countries to determlDe
vertIcalIDterval between two succeedIDg terraces (VI) (Morgan 1986)

Umted States SOIl VI (ft) = as + b where a vanes from 0 3 10 the south
ConservatIon ServIce to 0 6 10 the north and b IS 1 or 2

accord109 to the erodlblhty of the sOIl
ZImbabwe VI (ft) = s..±j where/vanes from 3 to 6 accordmg

2 to the erodIbIlIty of the soIl
South Afnca VI (ft) = 5..+ b where a vanes from 1 5 for low

a ramfall areas to 4 for hIgh raInfall
areas and b vanes from 1to 3
accord109 to the erodIbIlIty of the sOIl

Algeria VI (m) = 5..+2
10

Kenya VI (m) = 0.3 (S +2)
4

Israel VI(m)=XS + Y where X vanes from 0 25 to 0 3
accord109 to the raInfall and Y IS 1 5
or 2 accord109 to erodIbIlIty of the
sOIl

TaIwan/JamaIca VI (m) = SxWb where Wb IS the WIdth of the bench
100-(SxU) (m) and U IS the slope of the nser,

expressed as a ratIOn of honzontal
dIstance to vertIcal nse usually 1 0 to
075

ChIna VI (m)= Wb where 13 IS the angle of slope of the
(cos S - cot 13) nser

TaIwan VI (m) = (Wb x S) + (O.1S - U) for mward slop109 bench terraces
100- (5 xU) --

VI = the vertical mterval between two succeedlDg terraces whIch determmes spacmg, S= Slope (%),
Wb = Width of bench

In BurundI, on 49% slopes, bench
terraces reduced soIl loss from 150 tons/ha/yr
under tradItional malzelbeans cropp1Og patterns
to 5-11 tons/ha/yr (Fagl and Mackie 1988,
Durand 1984 In Roose 1988) Results from a
study 10 Sierra Leone show that sod loss was
reduced by bench terracmg from 41-55
tons/ha/yr under no conservatIon WIth nce on
31 % to 7 5 tons/ha/yr (Lal 1990, Mllhngton
1982) However the labor requIrements are
hIgh In BurundI, approx-Imately 800 man
days/ha/yr are necessary to construct bench
terraces on 49% slopes and In SIerra Leone 708
man days/ha/yr IS requIred for 31% slopes
(Durand 1984 In Roose 1988) (Table 7)
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StudIes also show that bench terraces
can 10crease crop yIeld (Table 8) In Sumatra,
IndoneSIa, under peanut cultivation, total crop
yIeld at the base of the nser was 4,112 kglha/yr,
whde on mId bench sItes peanut yield was 8,160
kglha/yr Total bIomass 10creased from 190,736
kglha/yr to 16,160 kglha/yr and percent Carbon
mcreased from 1 46 at the base to 4 45% Both
Nand P mcreased slIghtly also (from 0 14% to
032% for N and from 02 to 44 ppm for P)
(SIebert and Belsky 1990) ThIs 10dlcates yIeld
dIfferences at different locales along the terrace,
probably resultIng 10 an accumulatIOn of fertIle
SOIl towards the lower slope of the terrace
However, cropp1Og area for bench terraces WIth
peanut cultIvation was reduced by 32% under



Table Sa Specifications for bench terraces (Fang et al 1980)

Land slope a Height of Riser slope 13 Width of Percent land
(0) Tlser (m) (degrees) bench (m) loss (%)
5 (7%) 1 76 11 2 22

2 74 223 25
10 (18%) 2 74 108 5 1

3 72 16 1 6
15 (27%) 2 74 69 78

3 72 102 86
20 (36%) 2 74 49 106

3 72 73 11 6
25 (47%) 25 73 46 145

3 5 71 63 159

Table Sb ConversIOn values for percent (%) and degree (FAO 1988)

Degree % Degree % Degree % Degree % Degree %
1 1 8 6 105 11 194 16 287 21 384
2 3 5 7 123 12 213 17 306 22 404
3 52 8 14 1 13 23 1 18 325 23 424
4 70 9 158 14 249 19 344 24 445
5 86 10 176 15 268 20 364 25 466

bench terraces as opposed to a 17% reductIOn
for grass bunds (Siebert and Belsky 1990) Not
all studies have concluded that terracmg IS an
effective method of SOli conservatIOn Studies
m the Uluguru Mountams of Tanzama show that
the terram IS not sUItable for terracmg, pTlmaTlly
because the topsOIl IS too thm, the constructIon
exposes the mfertlle sOlI and accelerates soIl
loss, the labor mput for constructIOn and
mamtenance requIred IS too high, and enough
water to cause landshdes dUTlng heavy rams IS
held back (Temple 1972) In thiS case, Morgan
(1986) recommends the use of step or ladder
terraces (fanya jUu) In addltton, surveys
conducted m the Machakos Dlstnct of Kenya
showed that many steep reverse-sloped terraces
were madequately mamtamed or poorly
constructed The banks were either too low to
prevent runoff or there was a need for grass
cover on the banks for stablhzatlon, which are
both factors that can lead to terrace collapse
(Barber et al 1981)
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Labor costs for bench terraces as soIl
conservatIon methods pose theIT biggest
dIsadvantage Table 7 summaTlzes labor costs
for different conservation practices by regIOn.
Labor costs for terraces range from as low as
100 man days/ha/yr for contour bunds m
natural terracmg systems m thaIland to 253 for
rock walls on 20% slopes m £1 Salvador to
1,800 for bench terraces on 50% slopes (Sheng
1975, Stockmg and Abel 1992) Clearly, the
labor needed for constructIOn of terraces can be
demandmg and costly Bench terraces reqUIre
more labor than stone or contour bundmg (fanya
jUu) terraces Furthermore, there can be
economic disadvantages due to the reduction 10

croppmg area 10 bench terraces A SOil
conservatIon project 10 Sumatra, IndoneSia
shows that bench terraces reduce croppmg area
for peanuts by 32% and 13% for com compared
With tradlttonal practices (Siebert and Belsky
1990) Poorly mamtamed bench terraces
Increased soIl eroSion on 4% of farms surveyed
The survey revealed that only 63% of



Table 6 Specifications for hand made bench terraces (riser slope =0 75 1 and reverse slope =0 05) (FAO 1988)

Wtdthof Slope SPECIFICATION
the bench
Wb(m) % Grade VI (m) RH(m) Hr(m) Dc(m) Wr(m) Wt(m) L(m) A(m) Pb (%) C (m·) V (m")
3 00 42 228 1 84 015 199 071 1 49 449 2227 6681 67 075 1670

44 237 197 015 212 073 159 459 2179 6537 65 080 1743
350 20 113 082 o 18 100 044 075 425 2353 8236 82 044 1035

24 135 102 o18 1 20 051 090 440 2273 7956 80 053 1205
28 156 1 24 o 18 1 42 058 1 07 457 2188 7658 77 062 1357
32 177 1 47 018 1 65 065 1 24 474 2110 7385 74 072 1519
36 198 1 73 o18 1 91 072 143 493 2028 7098 71 084 1704
40 21 8 200 o18 2 18 079 1 64 5 14 1946 6811 68 095 1849

400 20 11 3 094 020 1 14 050 086 486 2058 8232 82 057 1173
24 135 1 17 020 1 37 058 1 03 503 1988 7952 80 069 1372
28 156 142 020 162 066 122 522 1916 7664 77 081 1552
32 177 168 020 1 88 074 1 41 541 1848 7392 74 094 1737
36 198 197 020 077 036 058 483 2070 8798 88 041 849

450 20 113 106 023 129 057 097 547 1828 8226 82 073 1334
24 135 132 023 1 55 066 1 16 566 1767 7952 80 087 1537
28 156 160 023 1 83 075 1 37 587 1704 7668 77 I 03 1755
32 177 190 023 213 083 I 60 610 1639 7376 74 I 20 1967

500 20 113 1 18 025 143 062 107 607 1648 8240 82 089 1467
24 135 146 025 1 71 073 128 628 1592 7960 80 1 07 1703
28 156 177 025 202 082 1 52 052 1534 7670 77 1 26 1933

VI = VertIcal Interval
RH = Reverse HeIght
Hr = HeIght of the rIser
Dc = Depth of the cut

Wr = Width of the rIser
Wt = Width of the terrace
L = Length of the terrace per ha
A = Area of the benches (flat area) per ha

Pb = Percentage of the benches
C = Cross sectIon of the terrace
V= Volume of the cut per ha



Table 7 Comparason of labor costs for terraces Blank spaces 10 tbe table IDdlcate
tbat tbe particular IDformation was not reported 10 tbe publIcation

Country Conservation type and conditions Slope Labor Labor Source
(%) (man days! (man hrs/

halyr) 100m)

Burundi bench terraces, maize and beans 49 800 Durand 1984
Chma bench terraces 900 McLaughlin 1993
El Salvador bench terrace 44 500 Sheng 1979

hdlslde ditches 55 100
mtermlttent terraces 44 167
orchard terraces 4460 112
mdlvldual basms 4460· 12 16· • = 200 basms/ha
natural terraces, contour bunds 15 100

EI Salvador hillside ditches WIth vegetation Wlggms 1981
protected mam drams 20 84

30 114
40 143

stone wall bamers WIth drams
20 253
30 279
40 310

bench terracmg
20 238
30 266
40 283

hve bamers
20 40
40 43

Honduras blologtcal conservatlon (labor over m3lZe monocrop) Rodnguez 1980
Matzelcassavalbeans mtercrop 148
Maize/cassava WIth terrace 207

India (NE) estabhshment of terrace cultIvatlon 696 Mlshraand
Rarnaknshnan 1981

Indonesia (Java) bench terraces on slopes up to 50% 750 -1800 Barbier 1988
Jamaica bench terraces for 0 8 acre farm Sheng 1986

Construction 13 496
Mamtenance 13 42

Kenya fanya JUu terrace 5 150 Barrett 1985

fanya JUU terrace 20 250 Wenner 1980
Kenya fanya JUU terrace 35 281
Peru terraces WIth grass side slopes 336 Alfaro Moreno

contour furrows 110 1988
mfiltratlon ditch 205
terraces 1181
contour furrows 328
mfiltratlon ditch 57

Sierra Leone contour bundmg 31 19 MJ11mgton 1982
bench terrace 31 708
stone bundmg 31 31
no method 31 15

Vietnam full mtegrated agroforestry 1500 Stoclang and
annual mamtenance 55 Abel 1992

West Africa Sahel contour stone bunds for terraces 180 RelJ 1994
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Table 8 Comparison between terraclDg on sod nutnents, crop yield, and IDfiltratlon rates Blank spaces ID the table
IDdlcate that the particular IDformatlOn was not reported ID the pubhcatlOn See Table 2 for site charadenstlcs

Country Land-use Slope Total GralD Yield OM N P InfiltratIOn Source

Practice Biomass rate
(0.10) (kglha/yr) (kglha/yr) (%) (kglha) (kglha) (cm)

Ethiopia traditIOnal 28 6056 31 5 02 Kejela 1992

graded bund 28 167 122

level fanya jUU 28 263 132 55

traditional 12 845 155 26

graded bund 12 763 109

level fanya jUU 12 277 36 8 1

grass stnps 12 689 99

badlands with grass 16 1284 509 32

badlands with gully 16 1385 648 o 1

traditional, lentils 8,450 2,580 Keddeman 1992

grass strip, lentils 8,950 2640

graded fanya jUU, lentIls 11,330 3,220

level fanyajuu, lentils 13,370 4,850

IndoneSia base of terrace nser, peanuts 10,736 4,112 146 (%C) 014% 6 (0 3 ppm) Siebert and

mid-bench sites, peanuts 16,160 8,160 445 (%C) 032% 8 (44 ppm) Belsky 1990

Honduras traditIOnal, maize 60 5,170 1,179 56 41 352 Sierra 1996

and sorghum

rock wall terraces 60 7,167 1,996 65 939 302

maize and sorghum

traditional, maize 60 2144 798 598 028% 53 Thompson 1992

and sorghum

rock wall terraces 60 3369 1161 796 028% 67

maize and sorghum



subsIdIzed users (whIch accounted for 24% of
those who had constructed bench terraces, of
whIch 20% dId so because they were promIsed
payments) and 47% of un-subSIdIzed users
mamtamed theIr terraces (SIebert and Belsky
1990) Terraces were not mamtamed because
they conflIcted wIth eXlstmg agroforestry
technIques that are less labor demandmg
Farmers belIeved that tree crops prOVIde
sufficIent protectIOn agamst erosIOn and
reported that the use of terraces typIcally
resulted 10 topsoIl loss and an mltlal reductIon
m crop YIeld, competItion between crops and
grasses on the rIsers, and a 25-35% loss of
croppmg area (SIebert and Belsky 1990) A
study m JamaIca showed sImIlar results related
to terrace mamtenance In a survey of 99 plots
of land wIth bench terraces, 40% were poorly
mamtamed, 50% were adequately mamtamed,
and only 10% were very well mamtamed The
mllJor reason for non-mamtenance seemed to be
the labor constramts, requmng 37 man
days/ha/yr for bench terraces and 12 man
days/ha/yr for both hIllsIde dItches and orchard
terraces (Blustam 1982)

The advantage of bench terraces IS that
they constitute, under many CIrcumstances, the
most effectIve method of controlhng sOIl loss on
steeplands The above-noted studIes
demonstrate the conSIderable effectIveness of
bench terraces 10 controlhng soIl loss on
steeplands compared to usmg no conservatIon
method at all The greatest bamer to mstallIng
terraces IS hIgh labor and mamtenance costs
Once the mltlal mvestment IS made the terraces
must be mamtamed, otherwIse they can mcrease
the rIsk of landshdes and m some cases,
mcrease sOIl loss Furthermore, unless Installed
correctly, terraces can concentrate water and
make the erOSIon problems worse Reduced
croppmg area, competttton With tradlttonal
practices, and technologIcally dIfficult deSign
speCificatIOns are additIOnal disadvantages to
complex terrace systems The feaSIbility and
benefits should therefore be conSidered m the
context of local varIables, such as labor
resources, rIsk factors and land use before a
deCISIon regard109 the mstallatlon of bench
terracmg efforts IS made
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Convertible and Intermittent Terraces

Both the convertIble and mtenmttent
terraces have the same deSIgn characterIstics as
bench terraces, the maIO dIfference IS based on
when they are bUIlt (FIgure 3) IntermIttent
terrace constructIon IS staggered over a perIod
of three to four years and IS planned so that a
complete bench terrace system IS achIeved m a
number of years InItIally, only one of every
three terraces IS constructed The reason for
domg thIS IS to spread labor reqUIrements over
several years ConvertIble terraces are WIdely
spaced bench terraces altematmg WIth StrIPS of
untreated hIllSIdes for mIxed farmmg systems
The benches are used for cultlvatmg staple
foods whIle the unchanged slopes are used for
semI-permanent tree crops If the need arIses,
they can be converted mto terraces for staple
food cultIvatIon The terrace spacmg should be
calculated 10 the same way as for hIllSIde
ditches (Table 3)

Naturally Formed Terraces

Broad base, formally constructed bench
terraces are often not practIcal because of the
hIgh labor demand or need for machmery, and
SImpler varIatIons of bench terracmg may be
more approprIate and effectIve (Sheng 1986)
SImpler and less expenSIve terracmg systems
mclude natural terraces (FIgure 4) Natural
terraces are dIVIded mto three types accordmg to
the materIal that IS used to retam the SOIl and
form a terrace over tIme stone retentIOn walls,
SOIl bunds (janya JUu), and live bamers usmg
grasses, trees and/or shrubs Natural terraces
are preferred to bench terraces where labor or
money for formal bench terracmg IS lack109
VegetatIOn bamers obstruct sedIment transport
and contlOue to grow as the sedIment
accumulates to form a terrace Rock wall and
SOIl bund terraces obstruct sedIment transport
and eventually a terraces IS formed behlOd the
bamer Often trees WIll be planted at the edge
of the rock bamer or SOIl bund to help stabilize
the structures VegetatIon bamers take longer
to form a terrace than If a terrace IS phySIcally
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Figure 3 Cross-sectional view of convertible terrace (FAD 1988)
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Natural terrace

Figure 4 Cross-sectional vIew of natural terrace system (FAO 1988)

constructed, but they are less labor demandmg
(Shaxson et al 1989) Matenals for creatmg a
barner mclude rocks, soIl and/or crop residues,
shrubs, and grasses Natural terracmg IS often
sUitable for small farms, replacmg the broad
based terraces used more often on large farms
Natural terraces can be constructed on steep
slopes but are recommended for use on slopes
that are not more than 12%, and on SOlis wIth a
fair rate of mfiltratlon (Sheng 1977, 1982,
Shaxson et al 1989)

Stone RetentIOn Walls

ConstructIon of stone retention walls,
sometImes In conjunctIon with hIllside ditches,
IS a common method of natural terracIng
techmques tn Central and South Amenca Stone
retention walls are structures buIlt along the
contour of the slope With the purpose of slowmg
down and dlvertmg ramfall, controlhng erosion
off of steeplands and formmg a natural terrace
over time (Figure 4 and 5) The followmg
deSIgn IS recommended for the construction of
rock retention walls (Figure 6) (LUPE 1996)

1) Dig out a ditch along the contour 20 cm
deep and 30-60 cm Wide where the base of
the wall Will be buIlt (30 cm base for 50 cm
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height, 45 cm base for 75 cm height, and 60
cm base for 100 cm height)

2) Rocks carned from the field are usually
used and bUilt up to 1 m tn height WIth large
rocks, then filled 10 WIth small pebbles or
SOli

3) Trees can be planted at the base of the wall
to protect from sod movement and hve
barners (grasses) should be planted 10 cm
above, along the edges of the terrace (Figure
9) It IS tmportant that once the soll has
filled 10 completely behmd the wall It, the
wall should be raised, as It wIll no longer
serve to block runoff and prevent sod loss

The advantages of rock retention
terraces mclude that they are (WdlIams and
Walter 1988)

• effective at reduc10g SOlI loss
• reqUITe less mamtenance and therefore have

lower labor costs than bank terraces
• terraces that can be constructed Without

phySically levehng the land
• rock on the surface becomes a resource

rather than an h10drance
• requITe lIttle knowledge of terrace

engmeenng
• represent a long-term mvestment



Figure 5 Natural terrace system usmg rock retention walls, combmed With grass barners and
shrubs for wall stabilization (LUPE 1996)

The disadvantage IS that stone walls take longer
to reduce runoff and erosIon than fonnally
constructed bench terraces and they are stIll
more labor mtenslve than soIl bundmg and hve
barriers Furthennore, It IS not clear how much
greater the benefits are compared with these
other practices compared With the greater costs

Various studies have been conducted
mvestlgatmg the effectiveness of rock terracmg
Table 2 gives a summary of these In Java,
IndoneSia, a variety of terrace deSIgns were
studied With traditional croppmg patterns,
yleldmg soIl loss of 126 tonslha/yr from
traditIOnal plots compared WIth 57 tonslha/yr
from ndge terraces (constructed stone
bamer/bundmg type) Stone and soIl terracmg
were effective m controllIng erosIOn but not as
effective as bench terraces, which reduced soIl
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loss to 1 5 tonslha/yr (Fagl and MackIe 1988)
A study m Sierra Leone showed soIl loss of 41
55 tonslha/yr under traditional nce cultivation
bemg reduced to 30 tonslha/yr and under
traditional cassava a reductIOn from 11-55 to 4 4
tonslha/yr With stone wall terracmg However,
soIl bundmg reduced thiS to 18 and 17,
respectively, mdlcatmg soIl bunds to be more
effective than stone walls as a barrIer (Lal
1990, MIllIngton 1982) Furthennore, the labor
reqUirement IS lower for SOIl contour bundmg
than stone bundmg or bench terraces, With
contour bunds requmng 19 man hours/l00 m,
stone barriers requiring 31 man hours/1 00 m
and bench terraces requmng 708 man hours/l 00
m 10 Sierra Leone on 31% slopes (Mtlhngton
1982) LikeWise, In EI Salvador on 30% slopes
stone walls With drams requITe 279 man
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Figure 6 Rock retention wall design

dayslhalyr, whIle bench terraces require 266
man dayslha/yr and grass barriers require only
43 on 40% slopes (Wlggms 1981), although
other estimates of 100 man dayslhalyr have
been given (Sheng 1979) Labor requirements
vary greatly In Sierra Leone, stone bundmg
requires only 31 man dayslhalyr on 31 % slopes
and In West Afnca 180 man dayslha/yr are
needed (Durand 1984 In Roose 1988, MIIhngton
1982) (Table 7)

However, stone wall terraces were
demonstrated to be meffectlve ID the DomlDlcan
Repubhc on slopes of 30% under mixed crop
cultivatIon, where soli loss off of rock wall
terraces was measured at 163 tonslhalyr whIle
sOli loss off of non-terraced, traditional farmmg
plots with mixed grams was measured at 187
tonslha/yr, only slIghtly higher (Veloz and
Logan 1988) In thiS case, erosIon from both
plots was extremely high and terraces were not

workmg suffiCiently to control soIl loss In the
same study, where there was a no-ttllage system
m place, sOil loss measured only 2 tonslhalyr, a
conSiderable reduction for a less labor
demandmg practice (Veloz and Logan 1988)
Nor were stone barners effective m reducmg
runoff m the same study Runoff from rock wall
terraces was measured at 142 mmlha'yr, whtle
off of traditionally cropped fields It was 166
mmlhalyr and only 11 mmlha/yr off the no
tillage plots under average precipitation of 1530
mmlhalyr on 30% slopes (Veloz and Logan
1988) In Java, runoff from T1dge terraces was
4963, 1305 and 990 mmlhalyr m three sites
whlle under traditIOnally cropped fields runoff
was less, at 4263 4, 885, and 390 mmlhalyr,
respectively, under the same conditions at the
three sites (1945 mm annual preCipitation) (Fagl
and Mackie 1988)
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Figure 7 Cross-sectIOnal view and design of FanyaJuu natural terraces

SOIl Bundmg or Fan) ajUU Natural Terraces

Fanya JUU IS a form of progressive or
natural terracmg, common to Afnca and
IndonesIa (FIgure 7) Fanya jUU IS (SwahIlI
meanmg 'throw up') where the excavated sod IS
thrown )uphlll to form a ndge The runoff IS
captured by the ditch and allows the water to
mfiltrate slowly The bunds should be I m wIde
at the base and 0 5 m wide at the top (pyramld
lIke form), with a heIght of 0 5 ms They should
be desIgned so that the top of the lower bund IS
level WIth the mIddle of the slope to the next
hIgher bund The dIsadvantages of fanya JUU
terraces mclude 11Igh labor costs for
construction and mamtenance, lITegulanty of
wIdth of terraces and bunds, and mconvement
access, particular!} m uSing agriculture
machmery

Measurements In EthIOpia show the
potential effectiveness of fanya jUU contour
bunds, where over a tv.o year period thiS terrace
system reduced soil loss from 123 tonslha/yr
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under traditIOnal cultivation to 56 tonslha/yr on
28% ~lopes (Kejela 1992 and Keddeman 1992)
A second site WIth 12% slopes demonstrated
sod loss under fanya JUU of 73 tonslha/yr the
first year and 39 tonslha/yr the second year
(1985 and 1986 measurements), both on Salls
that demonstrated sad losses of 269-322
tonslha/yr WIth 16% slope under badland
condItions (Kejela 1992) In SIerra Leone,
tradItIOnal cropp109 systems resulted m 41-55
tonslha/yr whde SOIl bundmg resulted m sod
losses of 18 tonslha/yr under 3 I% slopes (Lal
1990, MdlIngton 1982) (Table 2)

Research on nutnent loss from runoff
and erOSion, pnmanly associated With eroded
sedIments showed SignIficant decreases 10

nutrient loss usmg fanya JUU terraces (Kejela
1992) (Table 8) A study was conducted on
fanya JUU terrace systems and total losses of N
and P were calculated 10 Blrrlha/yr for 1985
1986 (2 07 B,rr EthIOpia = $1 US) On fanya

JUU terraces a 7667 Blrrlha/yr loss was
calculated compared to a 1613 Blrrlha/yr loss



on traditIOnal fields and 2524 Blrrlhafyr on
degraded land without cover (Kejela 1992) On
traditIOnal cultivation under 28% slopes there
was a loss of 61 kglha of Nand 31 5 kglha loss
of P, while under Janyo JUU systems only
resulted In a 26 3 kglha loss for N and 13 2
kglha loss for P Graded bunds reduced these
losses further to 16 7 and 12 2 kglha for Nand
P, respectively Under badlands with grass
cover only there was a loss of 128 kglha for N
and 51 kglha loss ofP FanyaJuu systems also
mcreased the mfiltratlon rate from 0 2 cm under
traditional fields to 5 5 cm on 28% slopes, a
dramatic Increase of the amount of water able to
percolate Into the sod column Fanya JUU
terraces slgmficantly Increased nutrient
avallablhty In thiS case and thus reduced
economic loss

In Kenya, crop production and yield
Increases were measured and a costlbenefit
analySIS conducted (Tjernstrom 1992) The
study showed a 47-84% relative difference In
yield Increase between Janya JUu terraces and
non-terraced plots (on 9-16% slope In 700-1200
mm) The mean annual Income was 55% higher
for terraced fields than non-terraced The cost
benefit analYSIS calculated that the fanya JUu
terracing bas an Internal rate of return (IRR) of
59% because costs of construction and
maintenance are low compared to long-term
benefits The study used a 390 man dayslhafyr
labor requirement for traditional agriculture
plots and 454 man dayslhafyr for terraced plots
In the costlbenefit calculations (TJernstrom
1992) The weighted average difference In
maize and bean yield between terraced and non
terraced land used was 400 kg and 77 kg,
respectively The conclUSions of thiS study are
JO sharp contrast to a sundar study also
conducted JO the same region of Kenya
(Machakos Dlstnct) on fanya JUU terraclOg,
whose IRR was 10% Paglola (1994) concluded
that It would take 48 years to break even With
fanya JUu terracmg, given the costs that go mto
the construction The study used USLE SOil loss
estimates of 463 tonslhafyr, eqUivalent to a
mean reduction 10 topSOil depth of 3 mmlyr
given the SOIl'S bulk denSity of 1 52 g1cm3

, and
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107 man dayslhafyr for construction costs
(PaglOla 1994) One of the differences between
the two studies was the yield difference
Tjernstrom (1992) used a fixed yield difference,
which Paglola (1994) did not TJernstrom
(1992) used measured differences In the field
and PaglOla (1994) used calculations based upon
estimated factors and the two studies had very
different Internal rates of return However, the
contrast of the find lOgs of these two studies
Illustrates the difficulties mvolved 10 estlmatmg
economic costs, benefits and tradeoffs for
different sot! conservation practices

Figure 8 Grass barner used to form natural
terraces Cross sectional View showmg SOli

accumulation behmd barrier (LUPE 1996)



Figure 9 Cross-sectional view of grass barner combIDed with rock wall to create a natural terrace
(LUPE 1994)

L,ve or Vegetative BarrIers usmg Grasses
Shrubs and MultI-purpose Trees

Plantmg grasses, shrubs or trees along
the contour IS a common method of stablhzmg
the soil WIth roots and creatmg a natural terrace
by provldmg a barrier to runoff and sod erosion
(Figure 8) Slope stabIlity IS governed by load
weight, slope geometry and the resistance
provided by the strength of the SOil-root system
(Morgan and Rlchson 1995) Live barrIers are
herbaceous perenmal plants with dense growth
and strong root systems which are resistant to
the overland flow of water and serve to block
sOil particles as they move down the gradient
Live barrIers serve to control erosion by
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reducmg the velOCity of runoff, Improvmg the
mfiltratlon rate and retammg SOIl (LUPE 1996)
The fine roots (1-20 mm m diameter) contribute
most to SOIl remforcement (O'Loughhn 1984 m
Wu 1995) Grasses, legumes and small shrubs
can have a slgmficant remforcmg effect to a
depth of 15m and trees can enhance SOil
strength to 3 m or more (Wu 1995)

Combmmg vegetation With phYSical
rock or SOIl structures IS highly deSirable to
reduce the risk of hillSide shppage (Figure 9)
Vetlver (Vetlverla spp) IS a commonly used
grass for hve barrIers and conSidered the most
effective for erosion control (BOSTID 1993)
Napier or Elephant grass (Penmsetum
purpureum) IS also commonly used for erosion



purposes, recommended for slopes up to 30%
slopes (LUPE 1996) However, It has the
dIsadvantage that It cannot be used 10 a slOgle
hne hke Vetlver, the stalks are weaker, the gaps
between them too wIde for It to stem heavy
runoff and It's roots are shallow Lemongrass
(Cymbopogon cltratus) IS common 10 Central
Amenca, CItronella (Cymbopogon nardus) IS
found 10 Afnca and ASIa, Rhodes grass (Chlorzs
gayana) IS sometImes used as a VetIver
substItute 10 AfrIca and IS cultIvated for fodder
and Pamc grass (Pamcum spp) or "klsosl" IS
used as an erosIon hedge on gentle slopes
(BOSTID 1993) Calamagrostls festuca was
planted 10 bands above terraces used by the
Incas to protect the SOIl and spread runoff

Advantageous charactenstlcs of a grass
used for erosIOn control are

• RIgId leaves to slow overland flow and trap
sedIment

• Root system that have strong, vertIcal, deep
penetrat10g roots but lImIted honzontal root
growth, whIch reduces competItion for
crops

• Growth pattern whIch IS not so aggressIve
as to reqUIre hIgh labor mput for prumng

• Easy and lOexpenSlve to establIsh
• Free of msects and dIseases
• Durable and hardy, capable of survIvmg 10

many soIl types under a WIde range of
chmates

• If hvestock access IS controlled, grass
specIes may be grown for harvest 10 a cut
and carry forage system

• If hvestock grazmg IS not controlled It IS
better to use an unpalatable speCIes

LUPE (1996) recommends Lemongrass,
Kmg grass (Hybnd of P purpureum x P
typholdes) for use on slopes up to 20-25% and
Vetlver grass (Vetlverza spp ) for use on slopes
up to 60% (LUPE 1996) Natural terraces up to
4 m hIgh have been formed WIth Vetlver grass
barrIers alone (Leonard 1992a)

Vetlver and other grasses are mamly
propagated by root dIVISIon and shps The shps
be planted at a dIstance between 15 and 20 cm,
and buned 5 cm deep 10 a hne along the
contour, angled shghtly uphIll (LUPE 1996)
Hedges are formed by JabblOg shps 1Oto holes or
furrows close together (10 cm) but If plants are
scarce, up to 20 cm apart, although the hedge
WIll take longer to close (BOSTID 1993)
Grasses should be cut back when they reach a
heIght of 75 cm to 1 m (LUPE 1996) A second
method of plantmg uses cane laId flat, cut the
length of 4 nodes Once these start grow109

roots and stalks they can be transplanted to the
sIte Parameters for plantmg Vetlver grass are
lIsted 10 Table 9 (Leonard 1992a)

MultIpurpose and NItrogen Flxmg Trees
(NFT's) are also commonly used for stablhzmg
terraces and are best planted below the soIl or
stone bamer for roots to penetrate and stabIlIze
the bamer (FIgure 5 and 10) ThIS system can

Table 9. Recommended distance and specificatIons for plantmg vetIver (Leonard 1992a)

Recommended Distance for Live Darners on the Contour ofVarymg Slopes
Slope (%) DIstance between bamers (m) Slope (%) DIstance between bamers (m)
20 95 36 600
22 90 38 575
24 85 40 550
26 80 42 525
28 75 44 500
30 70 46 475
32 65 48 450
34 625 50 450
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Figure 10 Live barrier terrace system uSlDg multi-use shrubs/trees (LUPE 1994)

be used m several types of agroforestry systems
such as alley croppmg, Taungya or hedgerows
and borders (Lal 1990) Trees most apt for
IInmg terraces should have deep tap roots,
Improve sod nutnents (NFT's), preferably have
other benefiCial uses, such as fodder or
fuelwood and be capable of regrowth after
severe prumng These trees are generally
managed by prunmg annually pnor to the
growmg season to reduce shadmg and otherwise
limIt competlOn With agncultural crops
Leucaena leuecophala and Glzr,c,d,a seplum are
two commonly used speCies, although there IS a
WIde variety of species wlthm different regIons
On slopes up to 30% trees can be planted as a
lIve barner alone rather than along a terrace
PlantIng dIstance of 5-1 m between rows of
trees and 25-50 cm between mdlvldual trees m
one row IS generally recommended, but m more
and zones 7-10 m may be more effective
(Leonard 1992b) Each year at the onset of the
plantmg season they should be cut back to 0 5-1
m m height and cut every 6-10 weeks to prevent
shadmg and competitIon With the crops, but
should be left to grow dunng the dry season for
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fuelwood, fodder and orgamc matenal (Leonard
1992b)

Studies show that grass barriers can be
effective m reducmg sod loss In the
Domlmcan Republic, a grass barner combmed
With hillSIde ditches on 30% slopes reduced sod
loss from 1254 tonslha/yr on a bare plot and
187 tons/ha/yr under mixed traditional croppmg
With no conservation to 81 tonslha/yr usmg
grass barners On the same Site, runoff was
reduced from 579 and 166 mm/ha/yr (bare plot
and traditIOnal, respectively) to III mm/ha/yr
under grass bamers (Veloz and Logan 1988)
However, a no-till conservatIon system reduced
runoff to 11 mm/ha/yr and reduced sOil loss to 2
tons/ha/yr at the same site In EI Salvador,
where study results demonstrated 110-127
tons/ha/yr SOil loss under traditIOnal croppmg
With maize and beans on a 30% slope, grass
barrier terraces With maize and beans reduced
sod erosIOn to 71 5 tons/ha/yr (Sheng 1979) In
IndoneSIa, no conservation plots on 33-38%
slopes under peanuts and com With, produced 4
tons/ha/yr of sod loss and grass bamer
bunds produced 0 7 tonslha/yr (Siebert and
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Figure 11 Orchard and mtermlttent terrace system

Belsky 1990} Results showed that terraces
reduced sOli loss by 70% while grass barriers
reduced sOil loss by 79-86%, clearly
demonstrating that grass barriers would be more
cost effective than terraces (Siebert and Belsky
1990) (Table 2) A study In Ethiopia
demonstrated reduced nutrient loss on 12%
slopes from 84 5 kg/ha/yr on traditIOnal no
conservation plots to 69 kg/halyr for Nand 15 5
to 9 9 kglha/yr for P under grass stnp bafflers
(KeJela 1992) (Table 8)

Although grass barriers alone may not
be as effective as bench terraces In reducmg sOil
loss and runoff, combmed with bench terraces,
stone barriers and/or hillSide ditches they can be
very effective The advantage IS that grass
barners are less labor demandmg In EI
Salvador, on 40% slopes, they require only 43
man dayslha/yr, while hillSide ditches with
bamers require 143 man days/halyr, bench
terraces require 283 man days/ha/yr and stone
wall bafflers with drams reqUire 310 man
dayslha/yr (Wlggms 1981) (Table 7)
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Orchard Terraces and IndiVidual BaSinS

Orchard terraces are a discontinuous
type of narrow, reverse sloped bench terraces,
appltcable on slopes up to 58% (Sheng 1977,
1989) (Figure 1I) The spacmg between two
orchard terraces IS determmed by the planting
distance of the tree crop Spaces between trees
should be protected by permanent vegetative
cover One orchard terrace Will usually serve
two rows of trees The Width for each terrace IS
1 75 m and the area of the platform IS
determmed as A= Lx Wh, where L IS the length
of the terrace and Wb IS the Width of the bench
(FAO 1982, Sheng 1986) (Table 3) LUPE
(1994) suggests 5% reverse slopes (15 cm for a
platform of 15m Wide) and that they be used
for permanent crops SpeCifications for hand
made orchard terraces are given m Table 10
(FAO 1988)

IndiVidual basms are small round
benches used for plantmg indiVidual plants
(Figure 12) The diameter IS adjusted to the
needs of the tree crop Recommended para-



Figure 12 Individual basm terrace (LUPE 1994)
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Table10 Specifications for hand made orchard terraces with 6 x 6 m tree spaclIIIgs, an horlzontalmterval of 105m and a platform
Width fo 1 75 m (FAO 1988)

Slope SPECIFICATION

% Grade U TVI (m) RH(m) Hr(m) Wr(m) Wt(m) HI (m) L(m) A (m"') Pb(%) C(m~) V(m")

48 256 075 1 31 018 075 056 287 105 952 1667 1667 033 314
50 266 075 140 018 079 059 293 105 952 1667 1667 035 333
52 275 075 149 018 084 063 301 105 952 1667 1667 037 352
54 284 075 1 59 018 089 067 309 105 952 1667 1667 039 371
56 292 075 169 o18 094 071 3 17 105 952 1667 1667 041 390
58 301 075 1 80 018 099 074 323 105 952 1667 1667 043 409

~

U = Riser Slope
TVI = Theroetlcal VertIcal Interval
RH = Reverse HeIght
Hr = Height of the riser

Wr = Width ofthe riser
Wt = Width of the terrace
HI = HOrizontal Interval
L = Length of the terrace per ha

A = Area of the benches (flat area) per ha
Pb = Percentage of the benches
C = Cross section of the terrace
V= Volume of the cut per ha



meters for indIvIdual basms are 15m In

dIameter and a 10% reverse slope (15 cm), wIth
a vertical mterval of 075 1 to 1 1 for the
hOrizontal vertIcal mterval (LUPE 1994) The
advantages of basloS mclude the retentIOn of
sot! mOIsture, partIcularly If mulched, reduced
need for weedmg, and that they can be
constructed on uneven terram and shallow soIls

In Java, IndonesIa, a vanety of terrace
deSigns were studied, yleldmg 106 4 tonslha/yr
of sod loss for traditional plots and 9 6
tons/halyr for mdlVldual terraces Only bench
terraces controlled soIl loss better In thIs
partIcular sIte, demonstratmg soIl loss of 7 5
tons/halyr RIdge terraces showed Increased
SOli erosion of 150 tons/ha/yr (Table 2)
IndIVidual basinS requIre approxImately 12 man
days/ha/yr on 44-60% slope for construction 10

EI Salvador (200 basloS 10 1 hal, less labor
reqUIrements than for orchard terraces whIch
reqUIre 112 man days/ha/yr or natural terraces
whIch reqUIre 100 man days/ha/yr for 15%
slopes (Wlggms 1981)

Summary of Terrace DeSIgns

DeSIgn speCIficatIons for all terrace
systems vary with sIte condItIons (topography,
preclpltlOn), SOlI type, deSign of terrace system,
and slope Factors affectmg whIch SOlI
conservation method IS most appropnate mclude
preCIpItatIOn patterns (dlstnbutlOn and
mtenslty), SOlI type, structure and texture,
topography (steepness and length of slope),
agrIcultural practices, SOCIoeconomiC and
cultural Influences, and the costs and benefits
from erosIOn and runoff control (LUPE 1994)

Past research studies, summarIzed 10

Table 2, are useful for glvmg cntlcal mSlght
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about the effectIveness of SOli conservatIon
practIces and In assessmg the use of terracIng as
a SOli conservation method for particular
locales However, dIfficulty eXists 10 comparmg
across sItes to extrapolate meanmgful
generalizations for making deCISIons One
constramt In making comparison analySIS IS the
differences In the area and sIze of the field
catchments used for measurement Varymg
lengths of the test plots can produce vastly
different erosion measurements Compoundmg
thiS problem IS the large amount of gray
hterature on the subject and the difficulty of
obtammg speCific InformatIOn about plot sIzes
In many cases These constraInts should be kept
In mInd In comparmg study results and draWIng
conclUSion from them However, the data
results, when Viewed together and compa
ratIvely, lead to the conclUSion that, as
structures used to reduce the slope of the
hillSIde, adapted to speCIfic sIte condItIOns,
terraces can effectIvely reduce SOlI loss and
runoff Several studIes IndIcated that crop yIeld
can be mcreased With terracIng, as can total
aboveground bIOmass, organIc matter content
and nutnent availabilIty (Table 8)

The economic factors to conSider that
mfluence which method of soIl conservatIOn IS
appropnate for use Include labor (Table 7) and
matenal costs for constructIon and maIntenance
compared WIth benefits receIved through eIther
Increased crop productiVIty or longeVIty of
productIOn (as a result of Increased nutnent
avadablhty 10 the SOIl, water holdIng capaCity,
and maintenance of SOli structure) Because the
costs and benefits of terraces as a conservatIOn
measure have not been well researched, these
factors are difficult to evaluate



EFFECTIVENESS OF ROCK WALL
TERRACES IN A SOUTHERN
HONDURAS STEEPLAND
FARMING SYSTEM

Background of Rock Wall Terrace
Programs ill Southern Honduras

ApproxlIDately 80% of the total land
area m Honduras IS classified as steeplands
(slopes greater than 20%) These steeplands
were histOrically forested and are the source of
the country's rIver systems Rapid population
growth and a shortage of arable lowland has
resulted m peasants clearmg the steeplands to
grow food ApproXImately 75% of the basiC
gram (e g • maiZe. sorghum. beans) production
m Honduras IS derIved from steepland
cultivatIon (USAID 1980), thus these lands are
the foundatIOn of food productIOn m the country
BasIC grams prOVide 75% of the dietary energy
reqUirements and 64% of the protem for
households m southern Honduras

Over 60% of steepland farms are less
than 5 ha m SIZe (Lopez-Pereira et al 1990)
Most households struggle to meet their
subSistence needs from these lands The
desperate situation of these farmers IS reflected
by the fact that approxlIDately two-thuds of the
chIldren m southern Honduras receIve
madequate nutrItion at some pomt dUrIng theIr
first five years (DeWalt and DeWalt 1987) A
survey of steepland farmers showed that
achieVIng the mmlmum level of gram productIon
needed for family consumption was their
pnmary ObjectIve (Lopez-PereIra 1990) These
facts mdlcate that steeplands are an Important
resource used by the peasant farmers to try to
meet theIr subSistence needs Therefore, while
It IS environmentally preferable that steeplands
remam forested for watershed protection,
subSistence neceSSIties and socio-polItlCal
pressures make It ImpractIcal to expect that the
government would remove farmers from
steeplands In the foreseeable future

Forest clearing, heavy grazing and
traditional "slash and bum" practices on the
steeplands (cultivated fields With more than 50%
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slope are not uncommon) have resulted In severe
land degradatIOn 10 the region Increased land
use pressure has resulted 10 a shortened fallow
cycle and has mcreased the percentage of land
under cultivation Data on land use for the
regIOn show that the amount of land considered
"eroded" mcreased from 397,800 ha m 1972 to
760,000 m 1983, an mcrease of 91 % (USAID,
1989) A general consensus among profesSIOn
als workmg m the regIOn on natural resource
management Issues IS that thiS trend has
contmued to the present

Cultivation of steeplands presents some
severe sustamabllity challenges to the residents
of the entire watershed The steep slopes,
combmed WIth Intense raInS dunng the growing
season, make cleared fields very susceptible to
erOSIOn It IS Vital In thiS type of enVIronment
that the erosive ramdrop energy be diSSipated by
strIkmg cover before reachmg the soil It IS also
Vital that the SOlI be tied mto the hillSIde to
prevent landslides when the soil IS wet The
tree cover histOrIcally present on the slopes met
these needs by proViding complete canopy and
litter cover and by tyIng the soil to the hillSIde
With theIr deep roots When the trees are
removed through traditional slash-and-bum
cultivation practices, lands m southern Honduras
WIth 60% slopes have been documented to have
an average erOSIOn rate of 92 tons/ha/yr
(Thurow et al 1998) To prOVIde perspective
on thiS number, thiS represents a loss of about
07 cm soil depth Since the topsoIl on these
slopes IS often only 10-20 cm deep, It IS clear
that such land use cannot be practiced for more
than several decades

In 1980, the U S Agency for
International Development (USAID) and the
Honduran MInIStry of Natural Resources began
the Natural Resource Management Project
(NRMP) for the purpose of combatmg
degradatIOn that was occurring on cultivated
steeplands A pnmary focus of the NRMP was
to work With farmers to establIsh rock wall
terraces on steeplands This task was
approached by organIZing participating farmers
mto commumty groups of 10-20 IndIViduals
The groups would then partiCipate In the
construction of soil conservatIOn structures on



each member's farm ThIs orgamzatton
provIded a labor pool that could meet the
physIcal demands of constructlOn that were often
beyond the scope of an IndIVIdual farmer

Rock walls were buIlt dunng the dry
season because dunng the croppIng season there
IS a labor shortage assocIated WIth the effort
needed for plantIng, weedIng and harvestIng
There IS competltton for labor m the dry season
as well, smce many mdlvlduals Will leave the
area to earn cash workmg as seasonal laborers
on lands that produce crops such coffee,
cantaloupe and sugar cane Therefore, the labor
effort was subSIdIZed by the extensIOn program

Rock walls, budt to a heIght of about 1
m, were constructed along the contours of the
slope at mtervals of 6 m These constructIon
parameters were a compromIse between the
farmers concerns and engmeenng guIdelInes
Standard engmeenng equatlOns for calculatmg
the constructIon cntena for rock wall terraces
(Table 4) mdlcate that the walls should be much
taller and closer together to achIeve maximum
soIl erOSIon protectIon on the +50% slopes In
the regIOn In fact, FAO guIdelInes do not
recommend terraces be constructed on slopes
greater than 47% (FAO 1977) because of the
need for very narrow benches and extremely
hIgh walls which become dIfficult to protect and
mamtam The farmers were reluctant to
partICipate m a program advocatIng tall, very
closely spaced walls - 1 m tall and 6 m spaced
walls were the tallest, closest configuration that
could achIeve general consensus for farmer
partlclpatton This meant that when the walls
filled In WIth sedIment the slope of a 50%
terrace bench would be reduced to about 35%
Therefore, maxImum protectIon that would be
asSOCIated With bnng the bench grade to 0%
slope was not attamable Nevertheless, thiS
compromise m constructton deSIgn was still felt
by the farmers and the extenslOmsts to offer
worthwhIle benefits

The first step m the constructIon desIgn
was to excavate a foundatIon trench about 50 cm
deep for the retammg wall ThIS trench was dug
to create a firm foundatIon for the wall The
soIl removed from the foundatIon trench was
depOSIted up-slope The area behmd the wall
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was a convenIent place to depOSIt subSOIl where
It would gradually be covered by eroded topSOIl
movmg downslope The second step was to
bnng rocks to the wall constructIon SIte Rocks
were collected from the field and brought to the
site eIther by hand or usmg two-man stretchers
Even though large rocks were plenttful In the
fields, It was a very ngorous task to ltft and
move them Into place whIle traversmg steep
slopes The final step was to buIld the retammg
wall The largest rocks were placed at the
bottom of the trench and fitted together The
space between the bIg rocks was filled WIth
small rocks Smce no cementmg matenal was
used to hold rocks together, excess water drams
through the wall when the SOlI becomes
saturated

To strengthen the rock walls, Leucaena
seedltngs (Leucaena leucocephala) were planted
along the base of the walls Leucaena are
multtpurpose trees that prOVIde mtrogen nch
mulch to the soIl and they are a convement
source of fuelwood The trees are managed by
prunmg them when they reach about 2 m tall
back to a heIght of about 1 m

Informal on-farm mtervlews mdlcate that
7-10 years after constructIon all of the farmers
perceIved theIr terraced land as bemg more
productIve than adjacent unterraced parcels
(Thompson 1992, Sierra 1996) RapId depletIon
of soIl mOIsture and low fertIltty were gIven as
the mam constramts to crop growth on the
unterraced SItes A testament to the perceIved
value of rock walls IS that farmers voluntarIly
mamtam them WIthout further subSIdies Small
farmers faced WIth a chOIce between maximIZmg
present Income or makmg an Investment m long
term benefits from mvestments In SOIl
conservatIOn techmques WIll usually opt for
maximIZmg present mcome, even though thiS
Impltes potential destruction of theIr natural
resource base In the long-term (Ashby 1985)
Therefore, even though farmers m the reglOn
readIly recognIZe the advantage of havmg rock
wall terraces m thelf fields, the arduous labor
demands asSOCIated WIth buIldmg rock walls,
and the pOSSIbIlIty of earnmg cash If wIllIng to
work as a seasonal mIgrant, result m very few
people buIldmg rock walls WIthout subsldlZatlOn



The apparent need to subsIdIZe the mitIal
constructIon of rock walls IS an obvIous problem
when funds are not avaIlable Therefore, when
the NRMP ended m 1990, the follow-up project
(Land Use and ProductiVity Enhancement
Project (LUPE)) shIfted emphasIs to establtshmg
cheaper vegetation barflers (AID 1989)

Farmers expressed that it was especially
useful to have terraces dunng a drought when
the crops on the eroded, shallower sods of the
non-terraced fields show SIgns of drought stress
sooner, sometimes resultmg m a suppressed or
complete faIlure of gram yIeld Farmers m the
regIOn complam about the mcreased frequency
and consequences of drought ThIS perceptiOn
IS not supported by long-term preCipitatiOn
records, but makes sense because reduced SOlI
depth asSOCIated With erOSiOn results m reduced
ablhty of the soIl to store water Shallower soIls
mean that crops deplete the stored soIl water
sooner and are stressed for more frequent and
longer periods Therefore, the perceIved
frequency and consequences of drought stress
Increase, even though there IS no eVIdence to
support a change m the amount or temporal
dIstributiOn of ram The need for mOisture
storage is partIcularly Important m regIOns such
as southern Honduras where there IS normally a
dry penod (canlcula) whIch occurs mId-way
through the growmg season The rock terraces
help to keep the SOils on the hIllSIde, thereby
helpmg to mamtam SOlI mOisture storage
capabIllty

It IS necessary to consIder a varIety of
factors when evaluatmg whether a mvestment m
a conservatIon technology IS worthwhIle The
followmg text mcludes data on how 10-year old
rock terraces have 10fluenced the water, soIl and
productiOn charactenstlcs compared to adjacent
POrtIOns of fields where terraces were not
10stalled Future artIcles 10 thIS SOlI Management
Collaborative Research SupportProgram (CRSP)
senes wdl evaluate the water, sod and
productIOn dynamICS of other conservation
treatments (1 e , vetiver grass barners, ghncldla
fallow and mulchmg) The costs and benefits of
all of these conservatIOn treatments WIll be
analyzed and compared 10 future articles 10 thiS
senes
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Effects of to-year Old Rock Wall
Terraces

The Sod Management CRSP at Texas
A&M Umverslty has been workmg from 1992 to
present (1998) WIth LUPE to address soIl and
water conservation problems which ongmate 10
the upland POrtIOns of the watershed The
amount of water, soIl and nutnent loss
asSOCIated WIth current upland systems, and how
each of these factors IS mfluenced by practIcal
soIl and water conservation technologIes IS bemg
evaluated The mSIght gamed through thIS
research feeds back mto Improved technology
that IS then dlssemmated by the LUPE extenSIOn
effort

Study Area

The effects of 10-year old rock wall
terraces on the water, sod and production
dynamICS was documented on the hIllSIde farms
of Los Espabeles, Namaslql1e (l3°14'N,
8JO05'W -- located 15 km southeast of
Choluteca, Honduras) (FIgure 13) ThIS area has
a chmate characterIZed by a wet season (May
October) and a dry season (November-Apnl)
The first portIon of the wet season IS known as
the "pnmera" (May-July), the second portIon IS
known as the "postrera" (August-October) The
wet season IS mterrupted by several weeks of
dry penod m July or August, called the
"canlcula" (Anas and Gallaher 1987) The
average annual preCIpitatiOn ranges from 1800 to
2900 rom and IS dIstnbuted m a bImodal pattern
Ramfall occurs mamly as mtense thunderstorms
The mean annual temperature IS 26°C and varIes
httle among seasons (proyecto ManeJo de
Recursos Naturales 1984)

The study area IS located wlthm the
Sampl1e-Guasaule RIver Basm whIch IS
charactenzed by steep foothl1ls and mountams of
uphfted basalt and granIte formations which
cover 62% of the land area A flat coastal plam
extends from the foothIlls to coast Most of thiS
upland area hes between 200 to 500 m above sea
level Due 10 part to the rough topography of
the Namaslgue sub-watershed, there was a large
amount of varlablhty m soIl pedogenesIs The
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F1gure 13 Location or the Los Fspabeles, Honduras study area

solls were denved from se(hmentary parent
matenal overlyIng IntrusIve volcamc rocks such
as dlOntIc granIte The SOlIs denved from
basaltic matenal were preferred by farmers for
theIr relatIvely hIgher base status and
correspondIng fertility Slopes wIth soIls of low
fertlhty, denved from granltlc matenal, are
aVOided for use as cropland and are mstead
cleared and used for cattle grazIng

The soIls of the study site were clasSIfied
as fine-loam, mIxed, Isohyperthermlc TYPIC
Ustropepts (InceptIsol) WIth high degrees of base
saturation (> 80 %), USIng the clasSification
cntena of the Keys To Soll Taxonomy (SOlI
Survey Staff 1992) and Munsell color charts
(Munsell 1975) Topsoil depths ranged from 7
cm at the top of the rIdges at the field edge to
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31 cm near the base of the slopes, With means
for rangIng from 14 to 17 cm A change In color
from the A to Bw honzons of the solls at the
study SIte was apparent The solls had an ochnc
eplpedon over a camblc endopedon The surface
hOrIZOns had moderate very fine granular
structure, and the Bw hOrIZOns had weak: fine
granular structure There was some eVidence of
clay dluvlatlOn In the Bw hOflzons, but not
enough llluvial clay to result In an argIlhc sub
surface horIZon

PlantIng begms With the onset of the
raIny season, which starts about the second week
of May MaIZe IS typically mtercropped With
land-race sorghum varIeties called "malcillos
cnollos" These trOPICal sorghums are three to
four meters tall, drought tolerant, and sensltlve



Table 11 Comparison of runoff and sediment between unterraced and IO-year old terraced fields
at Los Espabeles, Honduras Means Wlthm each month followed by the same letter are not
slgmficantly different (P£0 1)

Month Ramfall (mm) Runoff (mm) Sediment Ocglha)
Terraced Unterraced Terraced Unterraced

June 430 9b 16 a 614 a 628 a
July 198 12 b 30 a 616 a 397 a
August 738 12 a 17 a 271 a 173 a
September 569 7b 19 a 54 a 58 a
October 487 13 b 59 a 231 a 284 a
Total 2422 53 b 141 a 1785 a 1540 a

to photopenod Intercroppmg maIZe and
sorghum provides the farmers With a means of
mcreasmg total productiVity per umt land area
while reducmg the nsk of bemg dependent on a
monocrop

Different maize and sorghum
arrangements are used by the farmer dependmg
on the date of plantmg or the pOSItion of maIZe
and sorghum seed The most common croppmg
systems used by the farmer are marned,
alternate row, and alternate hills The married
system refers to the practice of plantmg both
maiZe and sorghum m the same hole
simultaneously In the alternate row system,
alternate rows of maIZe or sorghum are planted
either simultaneously or else the sorghum IS
planted two weeks after maIZe emergence In
the alternate hill system, maIZe IS planted m
alternate hills With sorghum either
Simultaneously or two weeks after sorghum
emergence Peasants use a plantmg stick
(barreta) to make the holes to depOSit seed, With
each hole about 0 9 m away from the others
The number of maIZe seeds used IS three to four
per hole and about 7-10 sorghum seeds per hole

NRMP and LUPE extensIOn efforts have
been successful at convmcmg many of the
farmers m the study area not to burn their fields
m preparation of plantmg Therefore, mulch
was present on both the non-terraced and
terraced POrtIOns of the study area Land
preparation and plantmg usmg the slash and
mulch method reqUires from 12 to 23 man
dayslha compared to only about 6 man-dayslha
for the traditional slash and burn method,
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nevertheless, most farmers felt that long-term
benefits of not burnmg more than offset the
extra labor cost

Runoff and Eroswn

The 1 m tall rock walls bUilt at 6 m
mtervals on the hillSide farms m 1985 had
completely filled to the top With sediment by
1992 As a result, the ongmal hillSide slope of
50% has been changed to a terrace slope of
35% Each wall, mcludmg the area OCCUPied by
stabilIZmg Leucaena trees, was about 1 m Wide,
therefore the cultivatable land area was about 5
m Wide for rock walls spaced at 6 m mtervals

The runoff and erosIOn rate on terraced
and non-terraced land was measured durmg 1995
by Installing SiX 2 m Wide by 5 m long enclosed
runoff plots Three replicates were obtamed for
each treatment (10-year old terraces and adjacent
non-terraced POrtIOns of the fields) Runoff and
sedIment loss was measured by collectmg the
runoff and then filtermg the sediment from
thoroughly mixed runoff subsamples

The terraced plots had slgmficantly less
runoff than the non-terraced plots (fable 11)
Total runoff from the terraced and non-terraced
fields was 2 1 and 5 4 % respectIvely of the total
ramfall FIgure 14 shows the relatIOnship
between runoff and storm SIZe class means

Relatively little soil loss was measured
on both the terraced and unterraced plots (fable
11) The small plot SIZe of thiS study only
enables estimates of mternll erOSIOn, which was
substantially controlled by the use of mulch and
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minimum tIllage Thurow et at (1998)
documented that most of the sediment loss that
occurs on the fields of thiS regIOn IS assocIated
WIth land slips, a process that occurs at a scale
too large to be detected by the small plots used
In thIS study

SInce the SOlI had filled to the top of the
1 m rock wall, these data IndIcate that the rock
walls are no longer effective at retaInIng
sedIment movmg as a result of Internll erOSiOn
Under these CIrcumstances It WIll be necessary to
Increase the heIght of the walls to retain
addItIOnal eroded materIal The amount of
sedIment yIeld per nun of runoff dunng the
growmg season IS dlustrated on FIgure 15 TIns
pattern mdlcates that mternll soll erosIOn fISk
was greater at the onset of the raIny season
when crop cover was not well estabhshed and
declInes as the crop cover mcreases The lack

of enough cover to protect the soli agamst the
Impact of raIndrop allows the detachment of SOil
particles, Increasmg the amount of sediment m
the runoff

Sod Characlenshcs

Based on the Umted States Department
of Agnculture (USDA) clasSIficatIon, soIl
particles smaller than 2 nun m diameter are
diVIded IDto three broad categones dependmg on
SIZe, particles of 2 ~ 0 OS mm diameter are
called mto sand, those of 0 05 - 0 002 nun
diameter are called stlt, and the <0 002 nun
partIcles are called clay Particle-SIZe was
determmed usmg the pIpette method (KIlmer and
Alexander 1949) The samples were dispersed
With sodIUm hexametaphosphate WIthout pre
treatment to remove organIC matter or cementIng
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Figure 15 Sediment yaeld (kglha) per mm or runoff, Los Espabeles, Honduras

agents The soil texture tended to be a loam
over a clay to sut loam The percentage of
coarse fragments (> 2 mm) 10 the upper 30 cm
was estImated by Visual exammatIon of sOil
promes (fable 12)

Smce lD<hvldual sou partIcles have
afairly constant densIty. the densIty of a volume
of sou wul vary accordmg to the amount of arr
space m the sou Bulk density refers to a mass
per umt vOlume charactenstlc of sOil Bulk
density decreases as the porosity. tIlth and
structure of a soLl Increases SOlI bulk density
(Table 13) was determIned usmg the core
method (Black 1965) The good SOIl structure.
reflected In part by the relatively low bulk
density for thiS type of soLl texture. contnbuted
to rapId InfiltratIon and permeablhty of the
sous The saturated conductivIty averaged
about 250 mmlhour Saturated conductiVity was
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measured by saturatIng a mIcro-plot WIth water
by use of a portable ramfall Simulator and then
measunng the difference between water apphed
and runoff collected over a penod of ume
(Thompson 1992) These Inherent sou
charaetensttcs mean that rul erosion nsk IS low
because It takes an exceptionally Intense and
protracted ramy penod to result In substantial
runoff

Water retention was measured at water
potentials of -330, -1,000. -5000 and -15,000
kPa by the pressure plate method (USDA-SCS
1984) AvaIlable water holdmg capacIty for the
flOe-earth fractIon was determtned
gravlmetncally as the dIfference 10 water
retention between -330 and -15,000 kPa Plant
available water IS measured by the difference
between sou water content at -330 kPa and
-15,000 kPa There was no difference m water



Table 12 Characteristics of the top 30 cm of sOil collected at different locations wlthm unterraced
and 10-year old terraced fields, Los fupabeles, Honduras (fhompson 1992)

Rock Plant
Water Potential for Soal < 2 mm Texture PortIOn of Avatlable

-300 kPa -1000 kPa -5000 kPa -15000 kPa Sand SIlt Clay SOlI Profile Water
(%) (%) (%) (%) (%) (mm)

Terrace
Upper 31 2 271 227 21 6 37 31 32 38 25
MIddle 31 7 259 23 1 215 35 32 33 25 33
Lower 324 278 234 225 36 33 31 14 38

Unterraced 31 3 269 236 221 40 32 28 28 28

retentIon capability for the fine-earth fractiOn In
the upper 30 cm of soIl when terraced plots
were compared to control plots However,
when avaIlable water content was adjusted for
the amount of rock matenal In the soIl, It
becomes apparent that the terraced plots have
greater water storage potentIal because there IS
more fine SOIl and less rock Surface rock cover
was 5% on the terraces and 14% on the adjacent
non-terraced portIOn of the field The top 30 em
of non-terraced sItes was 30% rock whereas the
terraced Site was 38% at the top, 25% In the
mIddle, and 14% at the bottom (fable 12)

OrganIc matter content of the soIl was
determIned by the wet OXIdatIOn of carbon (Hons
1988) The relatively high soIl organic matter at
0-15 em depth IS attrIbutable to the
accumulauonof crop resIdues, addition of pruned
folIage from Leucaena trees planted along the
rock walls and the no-till system of plantIng
(fable 14) SoIl organic matter was SIgnIficantly
greater on terraced land for the 15-30 and 30-45
cm depth than on the non-terraced land There
were SignIficant differences m soIl organic
matter at different locauons WithIn terrace
transects SoIl orgarnc matter content was
greatest at the locatIOn unmediately above the
wall, the locatIon where eroded sod partIcles
from upslope would accumulate

OrganIC matter content of the sod IS
Important SInce It Influences many other soli
properties such as infiltration rate, water
retentIon capabilIty and nutnent content SOil
organic matter helps In maIntaInmg good sod
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structure thus allowmg more water Infiltration
and consequently reducmg runoff Furthermore,
soli organic matter mcreases cation exchange
capacity which reduces potential losses of bases
such as K, Ca, and Mg

Avadable nItrogen was extracted usmg a
KCI solutIOn and then determined USIng auto
analyzer InstrumentatIOn AvaIlable nItrogen
content was SignIficantly greater In the terraced
land than In non-terraced land at 0-15 and 15-30
cm depth (Table 14) Nitrogen levels at 0-15
cm on the terraced plot were 20 times greater
than on the non-terraced fields Available
nItrogen was slgmficantly different between
localities and soIl depth In terraced and non
terraced land The areas Immediately above and
below the rock wall had the greatest mtrogen
content The high content of avadable nItrogen
In these locations along the wall IS probably due
to the presence of Leucaena trees planted along
the base of the rock wall These trees have the
abllity to fix atmosphenc nItrogen and prOVide a
nutnent nch mulch AvaIlable mtrogen always
decreased With soli depth and below 30 cm was
at very low concentrations « 2 ppm) These
patterns In avaIlable mtrogen are expected due to
the large accumulation of organIc matter In the
0-15 cm depth and the probable high
mineralIZatIOn occurrIng In thiS zone In the
tropical and subtropical clImatiC zones where
varIable charge soIls are more extensive, soil
organic matter IS the major source of nItrogen
for crop production (Fox 1980)



Table 13 Comparison of soli characterIstics between unterraced and lO-year old terraced fields at
Los Espabeles, Honduras Capital letters that follow the numbers are used to mdicate dIfference
Wlthm rows and small letters compare the dIfference Wlthm columns Numbers followed by the
same letter are not slgmficantly different (P.sO 1)

SOil pH Available Phosphorus
(ppm)

SOlI
Depth Bulk Density
J£mL (g cm 3)

Terraced Unterraced
0-15 1 34 A e 1 38 Ad

15-30 1 49 A d 1 52 A c
30-45 1 56 B c 1 60 A b
45-60 1 60 B b 1 72 A a
60-75 1 66 A a 1 74 A a

Terraced
64Aa
61Ab
58 Ac
57Ac
56Bd

Unterraced
65Aa
59Ab
59 A b
59Ab
58 A b

Terraced
150 A a
150 A a
101 A b
48Ac
27Bc

Unterraced
170 A a
130 A b
103 A c
86 A c
93Ac

Exchangeable Potassium
(ppm)

Terraced Unterraced
289 9 A a 264 3 A a
170 7 A b 120 7 B b
127 7 A c 126 7 A b
104 6 A cd 51 7 B c
848 A d 540 Be

Soli
Depth
J£mL

0-15
15-30
30-45
45-60
60-75

AVailable Sulfur
(ppm)

Terraced Unterraced
35 1 A a 356 A a
305 A b 273 A b
289 A b 280 A b
285 A b 237 A b
301 A b 270 A b

Exchangeable CalclUm Exchangeable MagneslUm Exchangeable Sodium
(ppm) (ppm) (ppm)

Terraced Unterraced Terraced Unterraced Terraced Unterraced
3246 A a 3046 A a 338 A a 307 A c 26 9 A b 18 7 A a
2511 A a 1890 B b 309 A ab 306 A c 29 1 A ab 19 3 A a
2013 A c 1569 B c 312 B ab 395 A b 30 4 A ab 21 7 A a
1639 Ad 1488 A c 290 B ab 430 A ab 315 A ab 247 A a
1546 A d 1672 A be 282 B b 451 A a 32 0 A a 32 3 A a

SoIl reaction (PH) IS an expressIOn of the
H+ Ion Sod pH IS commonly determIned by
mIXIng sod and water together In all ratio
SInce soluble salts In the soil can affect the
water pH value, pH may be measured USIng
calCIum chlOride or potassIUm chlOride solutIOns
Instead of distilled water to overcome thiS
problem (Poth and EllIs 1988) Soll reactiOn
was determIned In duplIcate usmg both 1 1 sod
to-water and 1 1 sod-to-l N KCI mixtures (SOlI
Survey Staff 1972) An electrOnIC pH meter
eqUIpped WIth a combInatIon glass-calomel
electrode standardIZed agaInst pH 4 0 and 7 0
buffer solutIOns was used The soll pH of the
SIte was shghtly aCidiC (Table 13)

CalCIUm, magnesIUm, potasSIUm, and
sodIUm exchangeable cations adsorbed to SOlI
particles and In soll solution represent the
exchangeable bases Because the catiOns prOVide
the major supply of plant nutrients, their
absolute and relative amounts are Important
factors InfluenCIng plant growth Exchangeable
bases diVIded by the CEC at pH 8 2 IS referred
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to as the base saturation Extractable bases were
determIned In IN ammOnIum acetate leachate
(pH 7 0) follOWIng procedure 5B5 of the
NatiOnal Sod Survey Laboratory (SCS 1984)
The concentration of bases was determIned by
atomIC absorptiOn analysIs and summed In
cmole/kg of soll The SOils had hIgh catIon
eXChange capacIties (23 8 - 30 2 cmole kg 1)
determIned usmg IN NaOAc (pH 82) follOWIng
a modIfied procedure of USDA Handbook 60
(U S Salmlty Laboratory Staff 1969) The solls
also had high base saturations (79 - 81 %)
determIned In IN ammOnIum acetate leachate
(pH 7 0) followmg procedure SBS of the
NatIOnal Soll Survey Laboratory (SCS 1984)
throughout the SOlI profiles of both the terraced
and non-terraced SItes (Table 13)

There was a consistently lower content
of exchangeable bases (Ca, Mg, K, Na), SOil
organic matter and sulfur m the portion of the
terrace Immediately below the rock wall when
compared to the values Immediately above the
rock wall These data suggest that these



Table 14 Comparison of SOl! orgamc matter and mtrate-N In sOil as a functIOn of depth at different
locations In unterraced fields and along transects through 10-year old terraced fields, Los Espabeles
Honduras Capital letters compare the difference wlthm rows and small letters compare the
difference Wlthm columns Location lis the first meter above the rock wall, locatIOn 2 IS the second
meter above the rock wall, etc The terraces were 5 m Wide The mean values for the portion of
the field adjacent to the terraced portion IS hsted m the unterraced column Numbers followed by
the same letter are not slgmficantly different (P~O 1)

SoIl OrganIc Matter (%)
Terraced Unterraced

SoIl Depth (cm) Loc 1 Loc 2 Loc 3 Loc 4 Loc 5
0-15 76Aa 69 AB a 63 AB a 60 B a 57 B a 56Ba
15-30 41Ab 37 Ab 4 1 Ab 39 Ab 28 AB b 19Bb
30-45 23 A c 28 Ab 27 AB c 24 AB c 2 1 AB b 1 3 B c
45-60 14 A c 16 A c 18 Ad 1 3 Ad 1 8 Ab 09Ad
60-75 08Ac 1 1 Ac 1 8 Ad 1 3 Ad 1 7 Ab 08Ad

Content of Nltrate-N (ppm)
Terraced Unterraeed

Sod Depth (em) Loc 1 Loe 2 Loc 3 Loc 4 Loc 5
0-15 540 A a 44 3 AB a 490 AB a 290 AB a 573 A a 20Ba
15-30 13 0 A b 77 AB b 11 7 A b 107 Ab 23Bb 10Bb
30-45 47 AB c 57 Ab 30 BC c 1 3 Cc 10Cb 10Cb
45-60 lOB c 27 Ab lOB c lOB c 10Bb 10Bb
60-75 10 Bc 1 7 Ab lOB c lOB c 10Bb 10Bb

nutnents are bemg transported With sediment or
runoff and accumulate Immediately behmd the
rock wall Concentration of Ca, Mg, Na, K, S
and organIc matter for the 0-15 em depth
Immediately behmd the rock wall were
respectively 19, 15,22,53, 13 and 33% greater
than the locatIOn lnlffiedlately below the rock
wall

Phosphorus occurs In both organic and
morganlc forms In the sod A large portIon of
the phosphorus IS fixed or m Insoluble Inorgamc
compounds The more soluble fractions of soli
phosphorus are generally called "available
phosphorus" With respect to plant growth
AvaIlable phosphorus was determIned usmg a
solutIOn of 1 4M ammomum acetate m 0 025M
H4EDTA analyzed USIng a Inductively Coupled
Argon Plasm Spectrophotometer There was no
consIstently sIgmficant dIfference 10 phosphorus
concentratIon on the terraced and non-terraced

44

sites (Table 13), both were phosphorus defiCient
to a degree that would hmlt crop growth and
yIeld

Crop Production

WlthlO each terrace rephcate, a transect
was established for each sample date that was 1
m Wide and 5 m long (1 e , the distance between
rock walls along the 5 m transect) StandIng
crop was measured m adjacent 1 m2 plots across
each of the three sample terraces Samplmg was
done once a month from June to August The
transect locations wlthm each of the terraces
were randomly selected Clipped samples were
aIr dned and then oven dned at 6QOC for 24
hour pnor to welghmg

There was a sIgmficantly greater
standmg crop on the terraced field than the non
terraced field throughout most of the growIng
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Figure 16 Comparison of stand crop between unterraced fields and localities along a transect Wlthm
lo-year old terraced fields Location 1 IS the first meter above the rock wall, location 2 IS the
second meter above the rock wall, etc. The terraces were 5 m Wide U IS the mean from adjacent
unterraced land Means Wlthm each month followed by the same letter are not slgmficant (P <0 1)

season ThIS better growth was pnmanly
attrIbutable to the area unmedtately behmd the
rock walls where deep sedlmeat-had accumulated
(FIgure 16) Gram yIeld was 70% hIgher from
the terraced field (2 2 tonslha) than from the
unterraced plots (1 3 tonslha) Fohage and total
bIOmass at harvest tune was 32 and 39%
greater, respectIvely, on the terraced field than
on the non-terraced field

The productIOn on upper POrtIOns withm
a terrace were SImIlar to the non-terraced land
(Figure 16) These measurements were made
dunng a year With above average ramfall
ObservatIOns by farmers mdicate that crop
productIon dIfferences are much more
pronounced dUrIng drought years

Even though the nItrogen content was
hIgh m the soIl unmedlately above and below the
rock walls (asSOCIated WIth Leucaena mulch)
(fable 14), standing crop was stgmficantly
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greater above the wall Indeed standmg crop on
the area llnmedtately below the rock wall was
SimIlar to the low yIelds of the non-terraced
land ThiS mdicates that mtrogen was not the
ltmItmg factor to productIon Instead the lower
productIon on these SItes may be due to the low
water holdmg capaCIty of thIS eroded area

In summary, the dIfferences between the
terraced and adjacent non-terraced SItes are
denved from the accumulatIon of the soIl behind
the terraces The greater soIl depth results m a
combmatiOn of greater water holdmg capaCity
and greater nutrIent concentrations Less runoff
reduces floodmg hazard downstream and puts
more water mto the SOlI WhICh IS either stored
for crop use dUring a dry period or eventually
contrIbutes to stream baseflow The
combination of greater amounts of stored water
and nutrients In the deeper soIl results m
slgmficantly greater crop productiOn on the
terraced Sites
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