


Front cover Vehver grass stnps planted on contour through one of the field catchments
momtored In thIS study Both the flume and ram gauge IS vIsIble
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ASSESSMENT OF SOIL AND WATER
CONSERVATION METHODS APPLIED TO THE

CULTIVATED STEEPLANDS OF SOUTHERN HONDURAS

INTRODUCTION

RapId populatIOn growth and shortage of
arable land have resulted m expanded cultivatIOn
of steeplands (slopes exceedmg 20 %) m many
areas of the world TropIcal steeplands occupy
almost 1 bdhon ha and constItute a sIgmficant
portIOn of many regIOns For example,
steeplands occupy more than 25% of the total
land area m Latm Amenca and the CarIbbean
More than 80% of the tota1land area IS OCCUpIed
by steeplands m Honduras SImdar statIstIcs are
available for some regIOns of southeast ASIa and
Afnca (Arsyad et al 1992) EspeCIally where
human populatIOn pressures are severe,
steeplands are now bemg rapIdly converted from
forests to agncultural use (pImental et al 1995)
Once under conventIonal cultivatIOn, steeplands
are susceptIble to hIgh eroSIOn rates (e g , 221
tonslhalyr m NIgena, 400 tonslha/yr m I amaIca)
whIch result m progresSIve declmes m crop
productIVIty (Lal and Stewart 1990)

Research on trOPICal steeplands has been
neglected by the agncultural commumty, m part
because cultivatIOn was deemed an undesuable
use of lands so susceptIble to degradatIOn
Ideally, the use of tropIcal steeplands would be
hmited to actiVIties that protect natIve forests
and thereby stabIhze upland watersheds
However, the reahty for the foreseeable future
m many developmg countnes IS that the rapId
expanSIOn of agncultural actiVIties on tropIcal
steeplands IS hkely to contmue due to
SubSIstence necesSIties and sOCIO-polItlcal
pressures (FAO 1982, 1990, Aldhous 1993)
Current actIVItIes and projected trends for
steepland cultIVatIon are of partIcular concern
because of the rapId and self-perpetuatmg
detenoratIOn asSOCIated WIth abused steeplands
(Hudson 1981) Moreover, steeplands playa
PIVOtal role m envuonmental and economIC
systems m tropIcal countnes, thus degradatIOn of
steeplands can cause adverse ramIficatIons WhIch

are dIstant m tIme and space from the erodmg
steep slopes (Thurow and Iuo 1995)
Histoncally-rooted cultural and pohtical
obstacles have hampered research on tropICal
steeplands The peasants normally do not have
the socIOeconomIC clout reqUired to catalyze
research and pohcy mitIatives supportmg an
actIOn agenda focusmg on the sod conservatIOn
of cultivated steeplands

In densely populated tropIcal regIOns,
the people cultivatmg steeplands often have no
other alteratIve resource for producmg food
(Tracy 1988) Many poor peasants depend on
steeplands for theu SubSIstence needs and many
countnes rely heavily on steepland to meet the
food secunty needs of theIr urban populatIOns
For example, USAID (1980) documented that
steepland farms produce 75% of the basIC grams
m Honduras

CultivatIOn of steeplands presents some
severe sustamabilIty challenges to the reSIdents
of the entIre watershed The steep slopes,
combmed WIth mtense rams dunng the growmg
seasons, make cleared fields very susceptible to
erOSIOn To make up for gradually dimimshmg
productIOn assOCIated WIth SOlI loss, peasants
clear more forest or shorten the fallow cycle to
expand the area under cultivatIOn Though these
deCISIons are ratIOnal and even necessary m
accord WIth theu short-run SubSIstence goals,
there are adverse long-run consequences such as
floodmg, siltatIOn of hydroelectrIC faCIlItIes and
degradatIOn of coastal aquatic ecosystems
Thus, although the sustamable use of steeplands
depends on sound soIl management, the factors
WhICh affect natIOnal planners and peasant
farmers' deCISIons regardmg use of steepland
mvolve a vanety of enVIronmental, economIC,
SOCIal and cultural conSIderatIOns

The current downward spIral of
steepland soil and landscape degradatIOn IS self-
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Figure 1 Location or the Los Espabeles, Honduras study area

perpetuatmg, thus external Impetus for change ­
both technologIcal and mstltutIonal- IS urgently
needed Creative approaches are requIred to
develop, refme and facIlitate the adoption of
practical soil conservation technologies and
systems-onent problem solvmg strategies that
will reduce the substantial negative consequences
from conventional agnculture practices used on
trOPiCal steepland The Honduran MmIstry of
Natural Resources/USAID Land Use
ProductiVity Enhancement project (LUPE) IS
workmg toward addressmg these challenges m
southern Honduras This publIcation assesses
the effectiveness of some of the SOil and water
conservation technologies bemg extended by that
program
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CHARACTERISTICS OF THE
NAMASIGUE WATERSHED

The study area lIes wlthm the Namaslgiie
watershed near the small community of Los
Espabeles (13°14'N, 87°0S'W), approximately
IS km southeast of Choluteca, Honduras (FIgure
1) The 1983 census of thiS 17,320 ha watershed
reported a populatIOn density of 0 8 peoplelha2

(NRMP 1984) Fifty percent of the watershed
has a gently rollIng to flat topography which IS
located along the Gulf of Fonseca coast at less
than 100 m above sea level These lands are
pnmanly held by a few large landowners and



are used as cattle ranches or are cultIvated for
cash crops such as sugar cane or cantaloupe
The area along the estuary IS developed for
commerCIal shnmp productIOn The 50% of the
watershed that IS located between 100 m and the
peak of the watershed at approxImately 800 m
has steep topography About 60% of the upland
area has a slope of greater than 30%, 34% of
the area has a slope greater than 50% (NRMP
1984) These steeplands tend to be OCCUpIed by
farms of less than 5 ha m SIZe TYPICal field
SIZe IS 0 1 to 0 3 ha The productIOn emphasIS
of these farms IS basIC gram crops (maIZe,
sorghum, beans), pnmarily grown to meet the
SubSIstence needs of the farmers

Chmate

The average monthly temperature near
Choluteca ranges from about 28°C m September
to 30°C m AprIl (NRMP 1984) The average
annual potential evapotranSpIratIOn near thiS area
IS 2453 mm, WIth average monthly values from
147 mm m October to 273 mm m March
(Mayorga 1989)

Ramfall IS dIstnbuted m a bImodal
pattern The first half of the ramy season, the
przmera, begms m late Apnl or early May and
ends m early July The second half of the ramy
season, the postrera, begIns m late July or early
August and ends m early November The ramy
season IS mterrupted by a short dry penod
dunng July, the camcula Essentially no ram
falls from November through Apnl

RaInfall amount, duratIOn and mtensity
were determmed for each storm event over a
five-year penod (1993-1997) A dual-traverse
ram gauge eqUipped WIth a battery operated
stnp-chart dnve usmg 24-hour ramfall charts
(Brakensiek et al 1979) was used to make the
measurements Annual ramfall for the 5-year
study penod clearly Illustrates the bImodal
ramfall pattern and the variabIlIty m monthly
and annual preCIpItation (FIgure 2) Most of the
ram events occurred as bnef, mtense showers m
the mId-afternoon from clouds that were formed
as a result of upwellIng of warm humId aIr The
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other type of storm occurred when a low
pressure system asSOCIated WIth a trOPICal
storm/hurricane passed over the area ThIS type
of trOPICal storm produced a steady ram that
often lasted for several days

A preCIpItatIOn measurement that IS an
Important determmant of erOSIOn hazard IS the
amount of ram that occurs as erOSIVe ramfall
events Wlschmeler and Smith (1978) defined an
erOSIve ram event as a storm that results m more
than 12 5 mm or a ramfall mtensity durmg a
storm that exceeds 6 4 mm dunng a fifteen
mmute penod Usmg thIS ratIOnale,
approXimately 95% of the ramfall durmg the
study penod was conSIdered erOSIve ram ThIS
IS m great contrast to temperate regIOns where
most of the ram IS claSSIfied m the non-erOSIve
category The annual erOSIVIty mdlces (ramfall
energy) for the study was 14,553, 8,986,
18,128, 18,523, 6,838 MJ/mm/ha/hour for the
penod from 1993 to 1997, respectIvely
ApprOXimately 50% of all the ramfall that
occurred over the 5 year study had 30-mmute
mtensltles greater than 10 mm/hr, 31 % had 60­
mmute mtensitIes greater than 10 mm/hr
ApprOXImately 17% of all the ramfall had 30
mmute mtensities greater than 25 mm/hr, 9%
had 60 mmute mtensitIes greater than 25 mm/hr

Sod

The soIls at the Los Espabeles study SIte
were derIved from sedImentary parent matenal
overlymg mtrusive volcamc rocks such as
dIOntIC gramte (Mayorga 1989) Due m part to
the rugged topography of the NamasIgiie
watershed, there was a large amount of
varIabIlIty m soIl pedogeneSIS

SoIl pIts were excavated adjacent to the
mIddle of each of the three field catchments
momtored by thIS study The pIts were 2 m
WIde and 2 m deep FIVe sub-samples from the
mIddle of each horIZon were collected and
combmed mto a compOSIte sample for analySIS
Smce most of the SOlI loss from the fields
conSIsted of topSOIl, each field catchment was
dIVIded mto 9 areas of roughly equal Size, and
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Plate 1 Typical mosmc of actIve fields and fallow on the steeplands of southern Honduras Note the rocks
emergmg from the eroded subsoil Statements mwcatmg that rocks "grow out of the hillSide" and that "soil
erosIOn IS not a pnmary concern associated With mmntalmng crop productIon" are mdlcatIve of the fact that
many of the fanners do not fully perceive the extent of degradatIon caused by the gradual erosIOn of the
topsOIl

Plate 2 ErosIOn on the steeplands not only degrades the upland fields, It also poses substantial sedimentation
costs downstremn In southern Honduras, the sedunent generated from steepland farmmg practices unposes
substantIal costs to downstremn mterests such as shrunp production, Irngated agriculture, domestic water
qUality, port faCIlities and hydroelectriC Sites



Plate 3 Two of the three field-scale catchments momtored throughout the study Note the vehver grass
contour StriPS established m one of the catchments Also note near the center of the picture the 2 m x 22 m
runoff plots -- a Size that IS more typical of erosIOn research done m the trOPiCS The results of tins study
Illustrate that field-scale catchments are necessary to reflect the processes that are unportant determmants
of erosIOn m a tropical steepland environment

Plate 4 Flume through which runoff from the catchment passed Instrumentation at the flume recorded the
volume and collected water samples for runoff and nutrient analysIs

ry
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composIte samples were collected from the 9
areas WIthin each field catchment to better
characterIZe the surface horIZon Each
composIte sample consIsted of 5 sub-samples
from the mIddle of the surface horIZon

The soIls on the cultIvated steepland
fields were clasSIfied as fine-loam, mIxed
Isohyperthermic TypIC Ustropepts (Inceptlsol)
WIth hIgh degrees of base saturatIOn (> 80%)
The pIpette method (KIlmer and Alexander
1949) was used to determine that average USDA
soIl texture classes of the three soIl profiles
consIsted of loam over clay to sIlty loam A
change In color from the A to Bw horIZons of
the soIls at the study SIte was apparent, but all
other changes between horIZons were gradual
The soIls had an ochnc eplpedon over a camblc
endopedon There was some eVIdence of clay
Illuviation In the Bw horIZons, but not enough
IlluVIal clay to form an argIllIc sub-surface
horIZon Due to the steepness of the field
catchments, the soIls dId not exhIbIt advanced
pedogenesIS However, flatter areas near the
regIOn such as road cuts Illustrated strong
argIllIc sub-surface horIZOns along WIth some
albIC sub-surface horIZons Those soIls were
claSSIfied as TypIC Haplustalfs

The catchment SOlIs had an ustIc
mOIsture regIme and an Ishyperthermlc
temperature regIme UStiC SOlIs have a mOIsture
control sectIOn that IS dry In some or all parts
for 90 or more cumulatIve days In the year In

SIX or more out of ten years Isohyperthermlc
SOlIs have a mean annual soIl temperature that IS
22 DC or hIgher WIth men summer mean Winter
temperatures that dIffer by less than SoC at a
depth of 50 cm (SoIl Survey Staff 1993)

TOPSOIl depths ranged from 7 cm at the
top of the field catchments to 31 cm near the
base of the catchments WIth means for each field
catchment rangmg from 14 to 17 em Mean
topsoIl bulk denSItIes were determmed usmg the
core method (Black 1965) and ranged from 1 13
to 1 15 g/cm3 AnalySIS of soIl profile core
samples indIcated that bulk denSItIes for both the
Bw and C sub-surface horIZons for all three
catchments averaged 1 32 g/cm3 The surface
honzons had moderate very fine granular
structure, and the Bw horIZons had weak fine
granular structure The good structure and low
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bulk densItieS contnbuted to rapId infiltration
and permeabIlIty of the SOlIs, WIth saturated
conductIVIty rates as hIgh as 263 mmlhour
(Thompson 1992) These mherent soIl
charactenstics mean an exceptIOnally mtense and
protracted ramy penod IS reqUired to cause
overland flow and nll erOSIOn Thus, these very
steep fields have been able to be cultivated for
decades and stIll have some topsoIl left

ChemIcal analySIS of the topSOIl
mdlcated that the mean organIC carbon for the
three field catchments ranged from 1 97 to
234% (determmed by dry combustIOn In a
medIUm-temperature reSIstance furnace -- Nelson
and Sommers 1982) These levels of orgamc
carbon are relatIvely hIgh for trOPICal soIls and
are comparable to temperate soIls SoIl orgamc
carbon markedly decreased WIth profile depth

All SOlI samples were slIghtly aCIdIC WIth
mean water pH values ranging from 6 3 to 6 6
(determined, In duplIcate, USing both 1 1 sOIl-to­
water and 1 1 sOIl-to-IN KCl mIxtures (SoIl
Survey Staff 1993» Throughout each profile,
the SOlIs had hIgh catIOn exchange capaCItIes
(determined USing IN NaOAc (pH 82)
followmg a modIfied procedure of USDA
Handbook 60 (U S SalInIty Laboratory Staff
1969» and hIgh base saturatIOns (determmed m
IN ammOnIum acetate leachate (pH 70)
followmg procedure 5B5 of the NatIOnal SoIl
Survey Laboratory (SCS 1984» Mean CEC
values for the topsoIl of each catchment vaned
from 23 8 to 30 2 cmole/kg whIle mean base
saturations range from 79-81 % Exchangeable
sodIUm was less than 1% for the topSOIl and
profile samples Mean extractable Iron values
for the topsoIl of each catchment varIed from
1 6 to 2 0 %, as determmed by the ammOnIum
oxalte method (SoIl Survey Staff 1993) In
general, the soIls were low m plant avaIlable
phosphorus WIth mean topSOIl values for the
catchments rangmg from 1 09 to 1 74 mglkg
(determmed by the Bray No 1 Method -- Bray
and Kurtz 1945) Smce SOlIs WIth Bray-I
phosphorus levels less than 16 mg/kg are
generally conSIdered phosphorus defiCIent thIS
could have been a major factor lImIt109 crop
growth and yIelds More detaIl on soIl nutnent
concentratIOns from an adjacent study site IS
proVIded by Toness et al (1998)



Land Use

Accordmg to long-tIme resIdents, the
steeplands of thIS watershed were covered by a
broad-leafed forest pnor to the 1940's The
pnmary woody speCIes were Aguacatl1lo
(Nectandra sznuata), Caoba (SwIetenza humzlls)
Carreto (Samanea saman) Cedro Espmo
(Bombacopsls quznata) Cedro Real (Cedrela
odorata), Celba (Cezba pentandra) Guapmol
(Hymenaea courbanl), Guanacaste Negro
(Enterolobzum cIclocarpum) Jobo (Spondza
luthea) Laurel (Cordza alllOdora) and Madnado
(Glmcldza sepzum) The valuable timber speCIes
were harvested m some mstances, but most of
the area was cleared by slash-and-burn methods
asSOCIated With SubSIstence agnculture These
actiVIties were m some cases encouraged by
large landowners who saw thIS as a way to open
up the forests so that theIr cattle could graze the
fields when they were fallowed

About 50% of the uplands are currently
under cultivation, WIth most of the rest of the
area characterIZed as a mosaic of fallow fields of
varymg ages that IS vegetated WIth secondary
succeSSIOn grasses, shrubs and trees Patches of
the ongmal forest remam m the upper portIons
of the watershed, but thIS area IS shrmkmg each
year due to encroachment by farmers who are
eIther landless or do not have access enough
productive land to feed theIr famIly

Forest clearmg, heavy grazmg and
tradItIOnal "slash and burn" practices on the
steeplands have resulted m severe land
degradation m the regIOn Increased land use
pressure has resulted m 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 natural
resource managers m the region IS that thIS trend
has contmued to the present

Some nghts to occupy the steeplands
were obtamed by many of the current resIdents
when the NatIOnal Agnculture InstItute, under
the 1974 Agranan Reform Program, dIVIded the
large haCIenda that encompassed the regIOn
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TItle to land IS not yet obtamed by most
reSidents, but the protracted process of obtammg
full ownershIp nghts IS underway and most
reSIdents expect that they WIll eventually obtam
title to the land they are usmg

In response to a bImodal ramfall pattern
punctuated by a dry penod of erratIC duratIOn,
farmers have developed a croppmg system of
maIZe (Zea mays L ) mtercropped With drought
tolerant sorghum (Sorghum blcolor (L ) Moench)
(Anas and Gallaher 1987) Small patches of
beans (Phaseolus spp) and cowpeas (VIgna
spp ) are also occaSIOnally grown Cattle are
allowed to graze on the fields dunng the dry
season and dunng the early stages of fallow
succeSSIOn BasIC grams prOVIde 64 % of the
protem and 75% of the energy for households m
southern Honduras It has been estImated that
two-thIrds of the chIldren m southern Honduras
receIve madequate nutntIOn at some pomt durmg
theIr first five years (DeWalt and DeWalt 1987)
The concern for mamtammg adequate productIOn
levels IS reflected m farmers' ObjectIves toward
productIOn A survey of farmers conducted by
Lopez-PereIra (1990) showed that 55% of rural
farmers regarded mamtammg a mlmmum level
of gram productIOn reqUIred for faml1y
consumptIOn as theIr first order of Importance
Only 12% regarded maximIZmg mcome as top
pnonty

In addItIOn to the basIC grams WhICh are
the focus of most of farmers productIon efforts,
most famIlies also mamtam a small flock of
chIckens and several pIgS A few own some
cattle Home gardens are mamtamed near the
house and contam a variety of fruIt crops such
as mango (Mangifera zndIca), mamon
(Mellcoccus blJugatus), papaya (Cancapapaya),
guava (Pszdzum gucyava), orange (Curus
sznensls), hme (Curus aurantifolza), Jocote
(Spondzamombzn), avacado (Persea amerIcana),
achIOte (BlXa orellana), sugar apple (Annona
squamosa), tamarmd (Tamanndus zndIca),
cashew (Anacardlum OCCIdentale) carambola
(Averrhoa carambola) and banana (Musa
sapIemtum) The home garden prOVIdes a small
but relatIvely stable portIOn of the farmer's
mcome and proVIdes a diverSity of vitamms to
the household dIet that would not be avaIlable
from the sorghum and maIZe



Field Preparatlon

The tradltlonal productIOn system of
hl1lside farmers m southern Honduras IS shIftIng
cultIvatIOn The practice conSISts of cuttIng and
pdIng trees and shrubs m the dry season (March
and Aprd) and burmng all of the woody matenal
before the onset of the raIny season (May)
Steepland fields were usually cultivated for 3 to
4 years untIl productIVIty begms to decrease, a
pomt at whIch the farmers say lithe land IS tired
and needs to rest" In order to restore sod
prodUCtiVIty, the fields are fallowed for several
years, durmg whIch tIme natIve trees and shrubs
are allowed to naturally recolonIZe the area
Increasmg land pressure due to populatIOn
mcreases have caused the fallow penods on
many farms to have been reduced or totally
elImmated (Dewalt and DeWalt 1982, Stomch
1989) In places where avadable land IS scarce,
fertl1IZer of varymg amounts (usually not
anywhere close to the amount recommended for
optImal productIOn) IS added to the degree that
cash IS avadable

Many of the local farmers near Los
Espabeles had not burned the crop reSIdue smce
the late 1980's when extenSIOn programs such as
the Land Use and ProdUCtIVIty Enhancement
(LUPE) project was able to educate and
convmce farmers about the benefits of leavmg
the crop reSIdues on the fields as a mulch to
reduce erOSIOn, add orgamc matter and nutnents
to the sod, conserve mOIsture, and regulate sod
temperature PreparIng the land for plantIng
usmg the slash and mulch method reqUIres 12
man-days per hectare versus 6 man-days per
hectare for the tradItIOnal slash and burn
method Despite thIS dIfference m labor
mvestment, most farmers of the regIOn have
voluntardy deCIded to no longer burn their
fields

Plantzng

Small-scale farms 10 southern Honduras
are often characterIZed by low crop productiVIty
and lImIted land resources Intercroppmg
provIdes these farmers WIth a possIble means of
mcreasmg total productIVIty per umt land area
and reducmg the fISk of bemg dependent on a
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monocrop The dommant croppmg system m
the area IS composed of early matunng local
maIZe cultIvars (46 days to tasselIng and 80 days
to harvest) mtercropped WIth land race sorghums
called "mazclllos crzollos" These tropIcal
sorghums are three to four meters tall, drought
tolerant, and senSItIve to photopenod Plantmg
tIme begms WIth the onset of the ramy season,
WhICh starts about the second weed of May

DIfferent maIze and sorghum
arrangements are used by the farmer dependmg
on the date of plantmg or the pOSItIOn of maIZe
and sorghum seed (SIerra 1996) The most
common croppmg systems used by the farmer
are marned, alternate row, and alternate hIlls
The mamed system refers to the practice of
plantIng 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 hdls 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
PlantIng one hectare reqUIres 6 man-days

Insect damage IS a senous constramt for
sorghum and maIZe productIon A complex of
lepidopterous defolIators mcludmg Spodoptera
jruglperda (fall armyworm), Sprodoptera
erzdanla (southern armyworm),
Metaponpneumata roghenhoferz, and MOCIS
latlfJes may cause severe damage dunng the first
stages of sorghum and maIze growth (pItre
1988) Most farmers wdl treat the seed WIth an
msecticide to protect agamst nematode damage,
but few mvest m applIcatIOn of folIar
msectICIdes due to a shortage of cash and the
low market pnce for gram

Weedzng and Harvest

Weedmg IS manually done WIth the aId
of a curved machete to cut or uproot the
undeSIrable plants close to the ground Weeds
are removed from the fields two tImes dunng



the ramy season at about 30 and 105 days after
plantmg The first weedmg needs to be done
carefully smce the sorghum IS still small (5-8
cm) and maIZe plants are about 20 cm tall
After the second week of August, maIZe has
reached phYSIOlogICal maturIty and the stalks are
bent to prevent seed damage from ram and
bIrds Once the cobs are dry they are hand
pIcked and stored m a dry place MaIZe IS
sometimes planted as a pure stand m August at
the onset of the postrera and harvested m early
December MaIZe harvested m August usually
has a hIgh mOIsture content and IS dIfficult to
store ThIS gram must be consumed wlthm a
few months or sold locally Many of farmers m
Namaslgue plant maIZe m both the prImera and
postrera seasons to secure enough gram supply
The second weedmg takes place soon after the
maIZe IS harvested m August to help release the

-----sorghum crop from competitIon ApprOXImately
15 to 20 man-days are reqUIred to weed a
hectare of steepland Sorghum IS allowed to
grow untIl late December and IS typIcally
harvested m early January

Smce most of the gram IS consumed on
the farm, steepland farmers do not realIZe much
of a monetary profit from theIr harvest The
average hIllSIde farmer produces less that the
mmlmum necessary to support hImself and hIS
famIly A portIOn of the gram produced on the
farm may be sold to generate cash flow to
purchase other necesSItIes Family members
work off the farm for part of the year to earn
enough to at least allow the famIly to survIve

Sod and Water Conservanon Actmtzes

In 1980 the US Agency for
InternatIOnal Development (USAID) and the
Honduran Mmlstry of Natural Resources began
the Natural Resource Management Project
(NRMP) for the purpose of combatmg
degradatIOn that was occurnng on cultIvated
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steeplands A prImary focus of the NRMP was
to work WIth farmers to establish rock wall
terraces on steeplands Rock walls are valued
by farmers because the terraced land IS
perceIved as bemg more productIve than
adjacent unterraced parcels (Thompson 1992,
SIerra 1996) RapId depletion of SOlI mOIsture
and low fertlhty were the reasons farmers CIted
as the mam constramts to crop growth on the
unterraced sItes (I'oness et al 1998) A
testament to the perceIved value of rock walls IS
that farmers voluntarIly mamtam them WIthout
further SUbSIdIes However, the cost assocIated
WIth the Imtlal construction of rock walls IS
beyond the means of most small farmers,
consequently very few farmers bUIlt rock walls
WIthOUt SUbSIdIZatIon

The apparent need to SubSIdIZe the mitIal
constructIOn of rock walls IS an ObVIOUS problem
when funds are not avadable Therefore, when
the NRMP ended m 1990, the follow-up project
(Land Use and ProductIVIty Enhancement
Project (LUPE» ShIfted emphaSIS to establIshmg
cheaper soIl and water conservatIOn practIces
such as convmcmg farmers not to burn theIr
fields prIor to plantmg season, establIshmg lIve
barrIers such as vetiver grass contour stnps and
encouragmg adoptIOn of Improved fallow
systems such as plantmg mtrogen-fixmg trees as
part of the fallow

The SoIl Management CRSP at Texas
A&M Umversity has been workmg from 1992 to
present (1998) WIth LUPE to address soIl and
water conservatIOn problems whIch ongmate m
the upland portIOns of the watershed The
amount of water, soIl and nutnent loss
aSSOCIated WIth tradItional slash and burn
systems, and the degree to WhICh each of these
factors IS by practical SOlI and water
conservatIon technologIes IS bemg evaluated
The mSIght gamed through thIS research feeds
back mto Improved technology that IS than
dissemmated by the LUPE extenSIon effort



RUNOFF, SOIL AND NUTRIENT
LOSSES ASSOCIATED WITH
SELECTED SOIL AND WATER
CONSERVATION TREATMENTS

Three adjacent fields were selected to
determIne the effectIveness of varIOUS soIl and
water conservatIOn treatments The CrIterIa for
selectIOn was that they have as sImIlar of area,
slope, soIls, and management hIstOry as was
practIcal to find All three field catchments
were located on the same hIll complex and
dramed Into the same stream Each of the
catchments were bounded on the top of the field
by a rIdge and all had well defined dramages
Total area for each catchment was surveyed to
range between 0 12 and 0 27 ha The length of
each field catchment ranged from 60 to 70 m
The slope from the base to the top of each
catchment, WIth the slope rangmg from 55 to
63%

A 0 3 m H-flume was Installed at the
base of each catchment to measure runoff
volume and rate Each flume was fastened to a
pre-fabrIcated 12m long metal approach sectIon
WIth a 03 m drop spIllway to reduce runoff
energy and dIsperse flow through the flume
evenly Each H-flumes was eqUIpped WIth a
portable lIqUId level recorder (5-FW-l SerIes)
whIch had a battery operated strIp-chart drIve
usmg 24-hour runoff charts (Brakensiek et al
1979) Runoff events from the strIp-charts were
dIgItIZed and summed In mm by month and
year

Attached to each H-flume were two 19­
lItter chemICally mert sample tanks that collected
a compOSIte water sample made up of water
contrIbuted throughout a runoff event A I-lIter
subsample from thiS composite of the storm
runoff was analyzed for sedIment content by
filtermg It through a pre-weIghed #1 Whatman
filter After the soIl and filters were oven-dned,
the sedIment content per lIter was determmed
and expressed as soIl loss In tonslha

In addItIOn, a sub-sample from the
compOSIte of each storm's runoff was kept
frozen In Honduras and were brought back to
Texas A&M Umversity for analySIS The
unfiltered water samples were analyzed for total
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KJeldahl mtrogen and total phosphorus usmg a
Techmcon Auto Analyzer II Total KJeldahl
nItrogen, WhICh Includes organIC and ammOnIum
mtrogen, was measured USIng the
ammOnIa/salIcylate complex method after
dIgestIOn WIth a salt/aCId catalyst mIxture
(APHA 1976) Total phosphorus was dIgested
usmg the persulfate dIgestIOn method, and
concentratIOns were determmed by the ascorbIC
aCId reductIOn method (APHA 1976)

Treatment effects for the soIl and water
conservatIon practICes were evaluated usmg a
paIred catchment study deSIgn (Clausen et al
1993) The basIC approach reqUIres two penods
of study (a calIbratIOn perIod and a treatment
perIod) and reqUIres that a control catchment be
mamtamed throughout the study penod for
companson WIth the treatment catchments ThIS
deSIgn makes It pOSSIble to mInImIZe the effects
of year-to-year or seasonal clImate vanatIOns

Durmg the calIbratIOn penod, land use
on all three catchments the same -- all were
managed to mamtaIn a mulch cover (1 e, no
burnmg), all were managed usmg hand labor
(1 e, cleared WIth a machete, planted usmg a
plantmg stIck and weeded usmg a machete), the
seeds were treated WIth msecticide pnor to
plantmg but no herbICIdes, pestICIdes or fertIlIzer
was added to the fields, maIze and sorghum
were mtercropped usmg the tradItIOnal method
of plantmg corn and sorghum In alternate rows
spaced at 0 45 m Intervals (see p 7 for a more
descnptIOn of SIte preparatIOn and plantmg
practIces) Durmg the calIbratIOn penod, the
observatIOn values do not have to be the same
for the catchments as long as a relationshIp
between paIred observations can be establIshed
(Clausen et al 1993) Smce the paIred
observatIOns are typIcally different, the palfed
catchment approach works well because the
techmque does not assume that the catchments
are exactly the same

SIxty-threerunoff events occurred dunng
the calIbratIOn year of the study (1993) The
relatIOnshIp of runoff, soIl and nutrIent loss from
these events formed the baSIS for understandmg
the natural dIfferences expected to occur
between the three catchments Catchment #1
was the catchment WIth mtermedIate values for



runoff, erOSIon and nutrIent loss, therefore It
chosen as the control for future years Servmg
as a control, Catchment #1 was managed the
same as durmg the calIbratIOn year throughout
the entIre study penod for the purpose of
provIdmg a reference pomt agamst WhICh other
catchments WIth newly Imposed dIfferent
management practices could be compared
Catchment #2 naturally had substantIally more
runoff, erOSIOn and nutnent loss than Catchment
#1, whIle Catchment #3 naturally had less
runoff, erOSIOn and nutnent loss than Catchment
#1

In 1994, dIfferent sou and water
management practIces were Implemented on
Catchments #2 and #3, but all aspects of crop
management remamed the same as dUrIng the
calIbratIon year The dIfference m the expected
relatIOnshIp (establIshed dunng the calIbratIon
year) between Catchments #1 and #2 and
between Catchments #1 and #3 and the new
relatIOnshIp (caused by the change m soIl and
water management practIce) IS consIdered to be
the response attrIbutable to the management
change

In 1994, Catchment #2 was planted WIth
strIpS of vetIver grass (Vetlverza zlzamoldes) m
addItIon to mamtammg the mulch cover VetIver
grass IS a preferred contour stnp speCIes
because
• It has rIgId leaves to slow overland flow and

trap sedIment,
• It has strong roots WhICh grow deep mto the

SOlI but have lImIted honzontal root growth,
whIch reduces competItIOn WIth crops,

• It IS relatively easy and mexpensive to
establIsh,

• It IS reSIstant to damage from dIsease and
msects,

• It IS durable and hardy, capable of thnvmg
m many clImates and soIl types (BOSTID
1993)

The stnps of vetIver grass were spaced
at 5 m mtervals along the contour of the
catchment Withm each stnp, slIps composed of
2 or 3 tIllers each were planted at a 0 1 m
spacmg wIthm the row ApprOXImately 317 m
of vetIver grass were planted along twelve lInear
barrIers on the 0 16 ha field catchment The
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vetIver grass was managed by cuttmg It back to
a heIght of about 0 5 m tWIce durmg each ramy
season ThIS practIce helped to promote tIllenng
and thereby form a more solId bamer of grass
withm the contour StrIP The cuttmgs were
placed on the upSIde portIOn of the hedgerows to
help mcrease the effectIveness of the barners
ThIS treatment was mamtamed from 1994-1997

In 1994, the management of Catchment
#3 was changed to reflect the tradItIOnal practIce
of burmng the crop reSIdue remammg from the
preVIOUS year and the weeds that had grown to
cover the field smce harvest The fields were
burned m early May of both 1994 and 1995,
pnor to the onset of the plantmg penod All
other aspects of crop management were the same
dUrIng the calIbratIOn perIod

After the second weedmg of the 1995
crop, Glmcldza seplum seeds were planted under
the crop These tree seedlIngs were able to
establIsh In a relatIvely weed-free enVIronment,
gIVmg the seedlIngs an Improved competItIve
advantage durmg 1996 and 1997 when the field
was left fallow By helpmg glIrICIdia establIsh,
thIS practIce IS consIdered an Improved fallow
smce thIS speCIes fixes atmospherIc mtrogen,
whIch should help the nutrIent status of the
topsOIl recover more qUickly Another
advantage of thIS practIce IS that glIncidia
produces marketable poles withm a 3-4 year
penod, thus the farmer can actually make some
money durmg the process of rehabIlItatmg the
field

Runoff

The amount of runoff from the three
catchments IS shown m FIgure 3 The runoff
characterIstics establIshed dUrIng the calIbration
year (1993) when all were managed as a mulch
only treatment mdIcated that the runoff from
Catchment #2 was naturally greater than the
Catchment #1 When the vetIver contour Strips
were planted, the Catchment #2 yIelded
substantially less runoff than would have been
expected If mulch was present WIthOUt the
vetIver contour stnps The ngid leaves of the
vetIver obstructed overland flow ThIS resulted
m concentrated nlls of water flow bemg spread
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along the vetIver strIp, dispersmg the water over
a broader area as It seeped through the porous
barner of vetlver RIlls that were m the field
had generally filled m by the thIrd year after the
vetiver stnps were planted

The burned field of Catchment #3
yIelded substantIally more runoff than would
have been expected based on the calibratiOn of
1993 The extra runoff was assocIated WIth the
removal of cover by fire WhICh resulted m dIrect
ramdrop lDlpact on the exposed soil thIS
caused the SOlI surface to partIally seal dunng
heavy rams as the ramdrop energy dISaggregated
the structure at the soIl surface Also, WIth less
lItter, there was lIttle ObstructIOn to slow
overland flow, gIVmg water less tIme to soak
mto the ground Runoff was especIally great at
the begmnmg of the growmg season when the
crops had not yet grown enough to proVIde
much cover for the soIl

As soon as the fallow was establIshed
the dIfference narrowed between the actual and
predIcted runoff The pnmary reason why
runoff remamed greater than predIcted was that
some landslIdes occurred m the catchment
dunng mtense rams of 1996 ThIS exposed soIl
of part of the catchment resultmg m an overland
pathway for more rapId runoff ThIS exposed
soIl was naturally revegetated by 1997 and for
the first tIme on thIS catchment the actual runoff
was less than predIcted

FIgure 4 shows the percentage of annual
preCIpItatIOn that left the field as runoff Due to
the steepness of the fields, the land area receIved
less ram than recorded at the ram gauge It was
necessary to use a correctIOn factor was used to
adjust ramfall depth on the slopes of each field
catchment when calculatmg the percent of
preCIpItatIOn that ran off the fields The
correctIOn factor was based on the followmg
tngonometnc relatIOnshIp

CF = (L Cos e)/L, where,
CF = correctIOn factor
L = slope length of field catchment
e = slope angle (degree) of field catchment

The patterns shown m FIgure 4 are
SImIlar to FIgure 3 The tImmg and mtensity of
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the storms accounts for some of the dIfferences
between the two figures For example, a greater
percentage of preCIpItation left the SIte as runoff
m 1993 than 1995, even though 1995 receIved
much more ram ThIS IS because 1993 receIved
much more ram m May when the crops provIde
less cover and have a lower transpIration
demand The dramatic Increase In runoff from
the burned catchment Illustrates the downstream
floodmg hazard that could occur as a result of
burmng the upland fields In contrast, much of
the water that fell on the fallow or terraced
fields entered the SOlI TIns alleVIates
downstream floodmg concerns asSOCiated WIth
peak storm flow The water that entered the soIl
would be avaIlable for crop productIon, the
portIon of water that percolates beyond the plant
roots would eventually recharge aqUIfers or
contrIbute to sprmgflow m streams ThIS
Illustrates the apparent water yIeld paradox
asSOCiated WIth clearmg forests -- there IS greater
total water yIeld (mamly as peak flow dunng
ram events) but sprmgs stop flowmg dunng the
dry season (because lIttle water has percolated
through the soIl to contnbute to dry season
baseflow or aqUIfer recharge)

Soil Loss

Due to the hIgh mtensItles of tropIcal
ramfall, unprotected soIl aggregates can easIly
be broken down by the energy of ram and the
detached soIl partIcles removed VIa runoff (nIl
eroSIOn) or VIa ramdrop splash (mternll
erOSIOn) Therefore, It IS Important to prOVIde
some form of cover for trOPICal steeplands
Cultivated fields have the least amount of cover
protectIOn dunng crop establIshment, espeCIally
If the fields are burned pnor to plantmg
Combmmg the lack of cover WIth mtense storms
at the onset of the ramy season often leads to
severe erOSIOn and runoff on burned steepland at
the begmnmg of the ramy season Leavmg the
mulch on the fields prOVIdes good soIl cover and
thereby dISSIpates the eroSIve energy of ramdrop
Impact and overland flow

Another Important aspect of the erOSIOn
process m humId steepland regIOns IS asSOCIated
WIth landslIdes LandslIdes occur durmg ramy
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penods when the upper layers of the soIl become
saturated The weIght of the water m the soIl
combmed WIth the susceptIbIhty to graVItatiOnal
pull on steepland soIls causes a portIOn of the
hIllSIde to gIve way and shde downslope Smce
these soIls have a marked mcrease m bulk
denSIty between soIl horIZons and some locatIOns
show a weak argllhc horIZon, the rate of water
percolatIOn would slow as It moves through the
soIl profile ThIS makes It more hkely that the
topsoIl wIll approach saturation dunng a
prolonged ramy penod and It makes It more
hkely that the soIl wIll slIp at the mterface
between the saturated topsoIl and the more
densely packed subSOil

FIgure 5 shows that dunng a normal or
below normal ramfall year (1993, 1994, 1997)
httle SOlI erOSIOn occurs on catchments WIth
mulch cover ThIS shows that mulch dISSIpates
the ramdrop energy and obstructs overland flow
so that nIl and mternll erOSIOn are mSlgmficant
In contrast, when mulch IS not present m a
normal ramfall year (1 e, 1994 In Catchment
#3) the eroSIOn rate associated WIth nIl and
mternll erOSIOn IS great No eVIdence of
landshdes occurred dunng 1994 m Catchment
#3, however, there was much eVIdence of nIls
formmg m the field The soIl loss from
Catchment #3 m 1994 was all due to nIl and
Internll erOSIOn The dIfference m erOSIOn
between the mulched Catchment #1 and the
burned Catchment #3 In 1994, dramatIcally
Illustrates the value of mamtammg cover and,
conversely, the mcreased erOSIOn hazard
asSOCiated WIth the tradItional use of fire to clear
the fields

In 1995 and 1996 the mulch cover on
Catchment #1 was not suffiCIent to prevent
substantIal erOSIOn asSOCiated WIth landshdes
Landshdes also occurred on Catchment #3 m
1995 and 1996 These landshdes occurred
durmg prolonged ramy penods In strong
contrast, landshdes dId not occur m Catchment
#2 that had mulch plus vetlver contour stnps
The roots of the vetlver grass apparently tied the
soIl to the hIllSIde so that landshdes dId not
occur On adjacent fields WIth rock terraces or
on fallow SItes WIth trees, landslIdes dId not
occur eIther In contrast, almost every cropped
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field m the regIOn that dId not have eIther rock
walls or vetIver grass had landshdes In
addltlon to losmg the topSOil, some of these
landshdes caused the entIre crop of maIZe and
sorghum planted m the field to be lost In
several mstances, houses and roads downslope of
the landshdes were rumed

There was still moderate soIl loss m
Catchment #3 under the first year of fallow
ThIS erOSIOn was aSSOCIated WIth a landshde that
occurred durmg partIcularly heavy rams (230
mm m 2 days) Apparently the roots from the
newly estabhshed fallow vegetatIOn had not
developed to the pomt necessary to tie the soIl to
the slope Nevertheless, the reductIOn m soIl
loss between the two heavy ramfall years of
1995 (2795 mID of ram) and 1996 (2545 mID of
ram) was dramatIC

Table 1 further Illustrates the value of
mulch The 0 004 ha plot (2 m x 22 m) WIth
mulch had very lIttle so1110ss whereas the 0 004
ha plot that was kept bare throughout the ramy
season had an extremely great erOSIOn rate
ThIS bare plot shows the maxImum extent of soIl
erodlblhty unmfluenced by cover The results
from thIS bare plot were used to calculate the
soIl erodlblhty "K" factor of the Umversal Sod
Loss EquatIOn for thIS sod type ThIS result
shows that mulch cover IS very effective at
reducing ramdrop energy and thereby reducing
erOSIOn caused by ramdrop splash and runoff
ThIS table also Illustrates the Importance of plot
SIze m measuring erOSIOn processes The 0 004
ha plot was too small for landshde processes to
occur, therefore thIS Important erOSIOn process
was not detected On the field scale catchment
WIth mulch landshdes dId occur, thereby causmg
a field scale estImate of erOSIOn asSOCIated WIth
mulch to be much greater than the plot scale
estImate

The Umversal SoIl Loss Equation
(USLE) (Wlschmeler and SmIth 1978) and the
ReVIsed Umversal Sod Loss EquatIOn (RUSLE)
(Renard et al 1996) are two of the most
commonly apphed erOSIOn predIctIon tools
throughout the world Both models were
pnmardy developed usmg data from the
temperate croplands m the Umted States
Applymg these models to a regIOn WIth much
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Table 1 Estimates or sod loss durmg the 1995 wet season as affected by catchment Size and
management practice, Los Espabeles, Honduras

Catchment CharacterIstics Management PractIce SoIl Loss (tonslha)

Area Length Slope
(ha) (m) (%) Actual USLE RUSLE

---------------------------------------------------------------------------------------
0272 field 70 63 Mulch 197 6716 744
0004 plot 22 55 Mulch 05 2939 343

o 122 field 60 57 Slash and Burn 920 1019 1 111 6

o159 field 60 55 Vetlver Contour StriPS & Mulch 07 447 1 52 1

0004 plot 22 55 ContInuous Bare SoIl Fallow 7606 18960 9274

greater ramfall mtensitIes, much greater slopes,
and much different soIl types than was used m
model development IS bound to have sIgmficant
short-comIngs Indeed, there was a large
dIsparity between what the tW'o models predicted
for erosIOn rates and what actually occurred
These results dlustrate the need for IncorporatIng
envlfonmental conditions representative of the
trOPiCS mto model development for creation of
predictIve tools useful for conditions such as
found m the regIOn

Nutnent Loss

Figures 6 and 7 Illustrate the mtrogen
and phosphorous losses from the catchments VIa
runoff The patterns of nutrient loss roughly
parallel the patterns of soIl loss The relatively

16

low amount of nutnent loss reflects the low
nutnent status of the fields, a hmitIng factor to
crop productIOn In the regIOn All farmers m
the regIOn understand the substantIal Increase m
crop yields that could be obtamed by addmg
fertIlIZer However, few farmers add fertIlIZer
to their gram fields because of a shortage of
cash and the low pnce of graIn Farmers are
understandably reluctant to take a loan to buy
fertilIZer because the variable ramfall may lead
to crop faIlure which would make a difficult
SItuation much worse If the farmer had to repay
a loan m addition to strugghng to survIVe m the
aftermath of a poor crop Farmers m the area
explam that smce the pnce for gram IS low, the
upSide benefits from Investments m fertd lZer are
more than off-set by the downsIde nsks of losmg
the Investment as a result of unforeseen drought



Plate 5 Sod profile at the study site The average topsod depths was 15 em, the sod was classified as an
InceptIsol

Plate 6 The topsoil had a good soil structure and very rapid permeability (saturated conductiVity rates as
high as 263 nun/hour), m part because of the relatively high orgamc matter content (orgamc carbon averaged
about 2%) and htgh level of mlcroorgamsm activity Thts picture IS of a soIl surface m the second year of
bemg fallowed (1997) The runoff and eroSIOn rate was Virtually ml The erosIOn rate when thiS site was
under traditional slash-and-burn management (1994 & 1995) averaged 92 tons/ha/yr



Plate 7 Field where crop residue IS mamtamed as a mulch Durmg average or low ramfall years the mulch
provides adequate protection of the soIl Durmg high ramfall years these steeplands are prone to landslides
To mlDImlze the IIkehhood of landslides, deep rooted plants or rock terraces need to be mcorporated mto the
management of the field to tie the sod mto the slope (note the white flume at the bottom of the catchment for
a perspective of the 63% slope of thIs field whIch IS typical of the regIOn)

Plate 8 The rigid leaves of vetIver grass contour stnps helps to hold the sod on the field and did not
expenence landslides 10 wet years The vetIver grass contmues to grow as sad accumulates behmd the stnp
Four years after they were estabhshed, a terrace ofsediment about 30 em deep has formed behmd each stnp
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MANAGE:MENT IMPLICATIONS
SUMMARY

ThIS research Illustrates that the
tradItional practIce of burmng the fields pnor to
plantmg creates extreme runoff and erOSIOn
hazard SuppressIon of fire, allowmg the crop
resIdue to be retamed as a mulch on the fields ,
IS an very effective SOlI and water conservatIOn
tool durmg years WIth average and below
average precIpItatIOn ThIS IS because the cover
prOVIded by the mulch diSSipates the ramdrop
energy and obstructs overland flow In above­
average ramfall years protectmg the surface soIl
WIth mulch cover is not the only issue
determmmg soIl erOSIOn There is a hIgh
susceptibilIty of the steepland fields to landslIdes
when the topsoIl IS saturated dunng prolonged
ramy penods To prevent landslIdes, It IS
necessary to combme WIth mulch cover WIth
some added practice that wIll tIe the soIl onto
the hIllSIde VetIver grass contour StrIPS and
fallowed land WIth several year old trees dId not
expenence landslIdes because the plant roots
held the soIl on the slope LIkeWIse, rock walls
on adjacent fields were effectIve at holdmg the
soIl on the slope dunng years WIth above
average preCIpItatIOn
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Very few studIes have been conducted
m the tropICS at a field scale of resolutIOn Data
from thiS study shows that the SIZe of the plot IS
a very Important determmmg factor m erOSIOn
predIctIOn Small plots (2 m x 22 m), reflectIve
of most of the research done m the trOpICS, were
of msufficient SIZe to reflect the landslIde
processes WhICh accounted for most of the
erOSIOn on the fields Data from the field
catchments prOVIde more realIstIC mformatIon on
the magmtude of runoff, eroSIOn and nutrIent
loss lIkely to be occurnng on cultIvated
steepland fields

Gathenng the type of mformation
presented m thIS publIcatIOn IS necessary as a
first step m the assessment of soIl and water
conservation optIOns relative to tradItIOnal slash
and burn land preparatIOn Future publIcatIOns
m thIS senes WIll use these data, combmed With
GeographiC InformatIOn System mappmg
techmques, to estimate the benefits and costs of
soIl conservatIon to the farmer and to
downstream mterests In thIS way a more
complete assessment of the value of vanous SOlI
and water conservatIon optIOns wIll be pOSSIble
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