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PREFACE 

In Jul y 199 2 th e Commonwealt h Secretaria t publishe d a  repor t b y 
Dr. Frank Gumbs , Reader in Soil Physics, Faculty of Agriculture, Universit y 
of th e Wes t Indie s entitle d Integratin g Soi l Conservatio n int o Farmin g 
Systems in the Commonwealt h Caribbean . Thi s was described a s a Statu s 
Report and it provided a useful overvie w of the successes and failures in soil 
conservation work in the Region. 

This wor k wa s initiate d a t th e reques t o f CARD I b y th e Commonwealt h 
Secretariat an d funde d b y th e Commonwealt h Fun d fo r Technica l 
Cooperation (CFTC) . Thi s work wa s well receive d an d i t wa s decided t o 
explore th e subjec t i n greate r dept h an d Dr . Gumb s bega n a  secon d 
document, whic h w e ar e no w please d t o publis h unde r th e titl e Farmers 
and Soil  Conservation  in  the Caribbean. 

This document i s presented i n two volumes. Volum e I  examines the statu s 
of soil erosion and conservation in the Region, the sociological factors in soil 
conservation programmes , an d th e lega l and institutiona l contex t i n which 
all soil conservation mus t be implemented an d managed . I t is now realised 
that thes e factor s ar e a s importan t a s the technolog y o f soi l conservatio n 
and hav e not been give n sufficient attentio n i n the past . Volum e I I focuses 
on th e technology . I t examine s th e farmin g system s approac h t o soi l 
conservation an d th e method s no w bein g employe d t o ensur e tha t 
conservation project s ar e integrate d int o the farmin g system . Th e Hillsid e 
Agricultural Project i n Jamaica is a major initiativ e in the Caribbean and has 
attempted t o adop t thi s integrate d approach . Thi s projec t i s therefor e 
discussed in some depth. 

A shor t fina l Chapte r draw s conclusion s an d suggest s som e guideline s fo r 
future project s an d programme s whic h wil l b e o f interes t t o planners , 
agriculturalists and everyone concerned with land use in the Region. 

Core fundin g fo r th e projec t wa s supplied b y the Commonwealt h Fun d fo r 
Technical Cooperatio n (CFTC) , an d th e Oversea s Developmen t 
Administration (ODA) , U K assiste d wit h a  gran t whic h i s gratefull y 
acknowledged. 

Copies o f the firs t repor t an d additiona l cope s o f thi s volume ar e availabl e 
from the Commonwealth Secretariat . 

Brian Kerr 
Chief Projec t Office r 
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C H A P T E R 1 

INTRODUCTION 

Soil erosio n b y water i s the mai n for m o f soi l los s i n th e Caribbea n an d 
conservation measure s designe d t o reduc e thi s typ e o f soi l los s i s considere d 
in thi s book . Her e Caribbea n refer s t o th e Englis h speakin g Caribbea n 
Community (CARICOM ) Membe r State s o f Antigu a an d Barbuda , Bahamas , 
Barbados, Belize , Dominica , Grenad a an d Cariacou , Guyana , Jamaica , 
Montserrat, St . Kitts-Nevis , St . Lucia , St . Vincen t an d th e Grenadines , an d 
Trinidad an d Tobago . Thes e ar e sometime s referre d t o a s th e Commonwealt h 
Caribbean an d ar e al l member s o f th e Commonwealth . Th e locatio n o f thes e 
States i n the Caribbea n Basi n i s shown i n Figure 1 . 

Belize an d Guyan a ar e als o Commonwealt h countrie s o n th e mainlan d o f 
Central Americ a an d Sout h America , respectively . Neithe r countr y i s ver y 
mountainous an d almos t al l o f th e agricultur e i s practise d o n fla t land . Soi l 
erosion i s therefore no t a  majo r proble m i n these tw o countries , althoug h som e 
erosion doe s occu r o n th e relativel y flat , poorl y structured , sand y soil s o f th e 
intermediate savannas . Wate r runof f fro m heav y rainfall , especiall y durin g th e 
early par t o f th e we t seaso n whe n th e groun d i s no t adequatel y covere d wit h 
vegetation, erode s soi l fro m th e surfac e o f thes e relativel y infertile , fragil e soils . 
The maintenanc e o f adequat e vegetatio n i s usuall y enoug h t o conserv e th e soi l 
against erosion . Method s o f conservin g thes e soil s fro m erosio n ar e no t 
considered an y furthe r i n thi s text . 

The othe r countrie s ar e island s and ca n divide d int o three group s base d 
on siz e an d topography . Th e firs t grou p o f smal l island s consist s o f lan d o f 
relatively lo w elevation an d a  smal l percentag e o f stee p slope s e.g . Antigu a an d 
Barbados. Th e secon d grou p i s als o smal l island s bu t i s characterize d 
by a  hig h percentag e o f stee p slope s e.g . Dominica , Grenad a an d Carriacou , 
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Montserrat, St . Kitt s an d Nevis , St . Lucia , St . Vincent , Tobago . Th e thir d 
group i s th e large r island s o f Trinida d an d Jamaic a whic h hav e hig h 
percentages o f bot h fla t o r gentl y slopin g lan d an d stee p land . Mos t o f th e 
islands belon g t o grou p two . 

The mountainou s natur e o f th e topograph y i n mos t o f th e islands , hig h 
rainfall, an d poo r soi l managemen t practice s caus e excessiv e soi l erosio n b y 
run-off. Man y attempt s hav e bee n mad e ove r th e year s t o demonstrat e soi l 
conservation techniques , provid e trainin g an d encourag e adoptio n b y farmers . 
However, th e adoptio n an d sustainabilit y hav e no t bee n commensurat e wit h th e 
investment i n tim e an d money . Soi l conservatio n ha s no t generall y becom e a 
part o f the culture of the farmers . 

Many o f th e introduce d method s ar e frequentl y thos e tha t hav e bee n 
tried an d successfull y adopte d i n othe r countrie s suc h a s Nort h Americ a an d 
the Fa r Eas t wher e th e economic , socia l an d cultura l contex t i s different . Th e 
methods mus t tak e th e loca l situatio n int o consideratio n an d mus t als o 
consider th e needs , desire s an d resource s o f th e farmer . Ne w approache s 
therefore hav e t o b e considere d t o ensur e adoptio n an d sustainability . I n th e 
Caribbean, soi l conservatio n method s mus t b e chea p o r cos t effectiv e an d mus t 
fit int o th e sociologica l an d socio-economi c condition s o f th e farmer . 
Conservation ideall y mus t b e integrate d int o the farmin g system . 

This boo k i s presented i n two volumes . Volume I  examines th e statu s of 
soil erosio n an d conservatio n i n th e Caribbean , sociologica l factor s i n soi l 
conservation an d th e institutiona l an d legislativ e framewor k i n whic h soi l 
conservation i s implemente d an d managed . Thes e factor s ar e a s importan t a s 
the technolog y o f soi l conservatio n fo r successfu l adoptio n an d sustainability . 
Volume I I focuses o n technology . I t examines th e farmin g system s approac h t o 
soil conservatio n an d th e method s appropriat e fo r integratin g int o farmin g 
systems i n th e Caribbean . Th e Hillsid e Agricultura l Projec t o f Jamaica , th e 
major projec t i n th e Caribbea n whic h attempte d t o us e the integrativ e approac h 
is als o discusse d i n thi s volume . Finally , existin g an d propose d system s fo r 
integrating soi l conservation  int o farmin g syste m ar e als o presented . 
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C H A P T E R 2 

SOIL EROSION STATUS AND SOIL CONSERVATION 
PROGRAMMES IN THE CARIBBEAN 

2.1 Soi l Erosion Status 

The amoun t o f soi l erosio n occurrin g i n th e Caribbea n ha s no t bee n 
quantitatively determined . Visua l observation s o n soi l sediment s i n streams , 
rivers an d th e sea , particularl y immediatel y afte r a  rainstorm , siltatio n o f wate r 
courses an d th e dept h o f topsoi l hav e bee n use d t o asses s erosio n status . Th e 
severity o f soi l erosio n depend s largel y o n topography , rainfall , natura l 
vegetation, erodibilit y o f th e soils , lan d us e an d soi l management . 

Several Caribbea n island s ar e characterize d b y stee p slope s wit h a  hig h 
percentage o f th e lan d are a havin g slope s greate r tha n 30 ° (58%) . Man y slope s 
are greate r tha n 45 ° (100% ) an d farmin g i s practise d o n thes e stee p slopes . 
The distributio n o f slop e classe s i n selecte d Caribbea n island s i s show n i n 

Table 2.1. 

Rainfall i s largel y influence d b y th e moistur e lade n northeaster n Trad e 
Winds an d topography , s o tha t rainfal l decrease s fro m th e windwar d t o th e 
leeward coast s an d increase s wit h elevation . I t i s highe r o n th e mor e 
mountainous island s tha n o n th e flatte r islands . Annua l rainfal l ca n var y fro m a 
low of 62 5 m m o n th e leewar d coas t o f relativel y fla t Antigu a t o a  hig h o f abou t 
7500-8000 m m i n th e wettes t are a o f Dominica . Th e amoun t o f rainfal l i n th e 
other island s i s betwee n thes e tw o extreme s an d a  commo n rang e i s fro m 
about 130 0 t o 300 0 mm . Tota l annua l rainfal l i s not onl y hig h bu t precipitatio n 
can b e intense . Intensitie s o f 25-12 7 m m pe r hou r (an d occasionall y higher) , 
have bee n recorded . Stron g wind s frequentl y accompan y th e storm s thereb y 
increasing th e erosivit y o f th e rainfall . Hurricane s whic h ca n an d d o occur, 
cause tremendou s soi l losses . Studie s i n Trinida d (Lindsa y an d Gumbs , 1982 ) 
have show n tha t tw o majo r storm s (non-hurricane ) o f 49. 8 
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TABLE 2.1 : Distributio n of slope classes in selected Caribbean islands 

Slope 
Class 

% 

A 

B 

C 

D 

E 

F 

Antigua 
ha % 

1120 

12290 

5525 

5170 

1940 

145 

4.3 

47.0 

21.1 

19.7 

7.4 

0.5 

Dominica 
ha % 

4450 

1590 

6120 

15340 

18780 

8080 

8.1 

3.0 

11.3 

28.2 

34.5 

14.9 

Grenada 
ha % 

480 

1020 

1470 

5755 

14285 

6980 

1.6 

3.4 

4.9 

19.2 

47.6 

23.3 

Trinidad 
ha % 

110400 

39835 

84070 

101755 

62765 

86730 

22.7 

8.2 

17.3 

21.0 

12.9 

17.9 

St. 
ha 

1225 

4900 

5715 

11840 

Vincent 
% 

5.1 ]A 
1+ 
IB 

20.7 ] C 
1 . 

]D 

24.1 

50.1 

Slope 
Class 

A 

B 

C 

D 

E 

_ _ F i 

Degree 

0 - 2 

2 - 5 

5 -10 

10-20 

20-30 

>30 

% 

0 - 3 

3 - 9 

9-17 

17-36 

36-58 

>58 

Description 

Level | 

Gently Slopin g 

Moderately Slopin g 

Strongly Slopin g 

Steeply Slopin g 

Very Steeply Sloping ] 
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and 75. 7 m m durin g th e yea r accounte d fo r betwee n 7 0 an d 90 % o f th e tota l 
annual soi l los s depending o n soi l slope . The annua l soi l los s varied fro m 2 8 t o 
55 t/ha . 

All the primar y vegetatio n ha s been remove d o r los t from th e island s as a 
result o f hurricanes , shiftin g cultivation , fire s an d deforestatio n fo r huma n 
settlements an d othe r uses . Th e secondar y vegetatio n i s no t a s protectiv e o f 
the soi l agains t erosio n a s the primar y vegetation . 

Some o f th e slopin g soil s ar e pron e t o landslippag e an d ar e therefor e 
erodible. I n Trinidad , Jamaic a an d Barbado s substantia l area s o f steepl y 
sloping soil s ar e develope d o n shale s an d i n thes e soil s landslip s ar e common . 
Landslips ar e als o commo n wher e soi l i s develope d o n imperviou s calcareou s 
clays o r imperviou s indurate d an d cemente d cla y o r as h laye r a s i n th e cas e o f 
the shoa l soil s o f Grenad a an d som e location s i n th e volcani c islands , fo r 
example, Dominic a an d St . Lucia . Man y soil s are , however , no t inherentl y ver y 
erodible. Thei r goo d soi l structur e an d hig h infiltratio n rate s reduc e thei r 
erodibility. However , th e intens e rainfall , stee p topograph y an d poo r soi l 
management resul t i n hig h soi l losse s overall . 

Although th e rainfall , vegetativ e cover , soi l typ e an d topograph y ar e 
factors whic h contribut e t o th e hig h soi l losse s b y wate r erosion , i t i s 
inappropriate lan d us e an d poo r cro p an d soi l managemen t whic h ar e th e mos t 
important factors . Mos t o f th e farmer s cultivat e smal l farm s o n hillsides , usuall y 
steep slopes , withou t adequat e o r th e mos t appropriat e soi l conservatio n 
methods. Shiftin g cultivatio n b y squatters , clea r fellin g an d slash-and-bur n 
cultivation increas e erosio n sinc e th e lan d i s bar e a t th e star t o f th e we t 
season. I t takes som e tim e fo r th e cro p to gro w sufficientl y t o protec t th e soil . 

The occurrenc e o f surfac e erosion , gullying , landslips , th e amount s o f 
eroded soi l carried b y streams an d river s during an d afte r a  heav y rainstor m an d 
the dept h o f topsoi l o r shallownes s o f th e soil s hav e bee n use d t o qualitativel y 
assess th e severit y o r statu s o f soi l erosio n i n th e Caribbean . A  brie f summar y 
is presente d below , usin g th e groupin g o f th e island s se t ou t i n Sectio n 1 . 
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2.1.1 Grou p One (Antigua and Barbados) 

Antigua 

Erosion i s no t a s sever e i n Antigu a an d Barbud a a s i n man y othe r part s 
of th e Caribbea n becaus e o f the relativel y leve l topography an d lo w rainfal l (Hill , 
1964). However , muc h accelerate d erosio n ha s occurre d i n th e hill y area s o f 
Antigua. Cotto n whic h wa s grow n extensivel y an d require s a  lon g fallo w 
period, wa s generall y grow n unde r poo r management . Consequently , erosio n 
has bee n reporte d eve n o n th e mor e gentl e slopes . Monocultur e o f sugar-can e 
in th e pas t ha s als o adde d t o th e los s o f muc h soi l i n hill y areas . Th e dr y 
season i s ofte n lon g an d hars h an d torrentia l rain s ofte n occu r afte r lon g 
periods o f drough t whe n vegetatio n i s sparse . Thi s ha s contribute d t o th e 
erosion problem . Overgrazin g unde r th e climati c condition s o f Antigu a an d 
during time s o f poo r vegetativ e cove r an d growt h i s anothe r caus e o f 
accelerated erosion . Th e resul t o f thes e factor s i s tha t th e soi l i n man y place s 
has bee n erode d t o suc h a n exten t tha t th e topsoi l i s shallo w o r completel y 
lost an d roc k outcrop s ar e prominent . 

Barbados 

About eighty-fiv e percen t o f Barbado s occupie s relativel y fla t cora l soil s 
on whic h erosio n i s no t considere d t o b e sever e althoug h Verno n an d Carrol l 
(1967) di d sugges t tha t erosio n contro l measure s ma y b e necessar y o n th e soil s 
of th e uplan d platea u o f St.  John' s Valley . 

In the hill y Scotlan d District , erosio n i s very severe . Cumberbatc h (1969 ) 
reported tha t i t wa s estimate d tha t sevent y percen t o f th e are a wa s threatene d 
by erosio n an d tha t eleve n percen t o f i t ha d reache d a  ver y sever e stat e o f 
degradation. Lan d slide s an d gullyin g ar e common . 
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2.1.2 Grou p Two (Dominica , Grenada and Carriacou, Monsterrat, St. Kitts 
and Nevis, St. Lucia, St. Vincent, Tobago) 

Dominica 

Dominica i s characterise d b y stee p slope s wher e 86 % o f th e lan d are a 
has slope s greate r tha n 20 ° an d onl y 2 % of th e lan d ha s slope s betwee n 0-5° . 
Over 66 % o f th e lan d i s covered b y forest s an d rainfal l i s heav y i.e . averag e o f 
4450 m m pe r yea r an d 750 0 m m i n th e we t interio r (Caribbea n Conservatio n 
Association, 1991) . 

Most o f th e soil s ar e generall y highl y permeabl e an d therefor e erosio n i s 
not a s sever e a s migh t b e expecte d give n th e stee p mountainou s topograph y o f 
the island . Slope s greate r tha n 50 ° (12 0 % ) ar e cultivate d withou t muc h 
erosion, indicatin g th e unusua l stabilit y o f th e soil s (Lang , 1967) . I n addition , 
erosion i s limite d becaus e muc h o f th e lan d i s stil l unde r forest . 

Most o f th e shoa l soil s an d othe r soil s o f lo w permeabilit y occu r o n th e 
leeward sid e o f th e island . Erosio n o f thes e soil s i s widesprea d an d significant . 
Poor cro p an d soi l managemen t hav e bee n th e majo r reason s fo r th e erosion . 
The slo w regeneratio n o f soi l suitabl e fo r croppin g i n th e dr y areas , lik e i n St . 
Lucia, increase s th e seriousnes s o f th e problem . 

According t o th e Environmen t Profil e o f Dominic a prepare d unde r th e 
aegis o f th e Caribbea n Conservatio n Association , 1991 , Dominic a ha s grea t 
potential fo r agricultura l developmen t withou t substantia l incursion s int o fores t 
lands whic h ar e mor e suite d fo r othe r purposes . I n th e pre-independenc e 
period befor e 1978 , larg e estat e ownershi p wa s dominan t (1.4 % o f farmer s 
occupied 56.4 % o f th e lan d an d 61 % of th e acreag e ha d far m size s 5 0 acre s 
and over) . Sinc e independence , larg e estate s hav e decline d i n importanc e an d 
have bee n eithe r divide d an d sol d o r i n som e cases , lef t t o li e idl e du e t o 
absentee landlords . Deman d fo r lan d ha s resulte d i n Governmen t distributio n o f 
crown lan d t o farmers , usuall y i n lot s o f les s tha n 4  hectares . Throug h 
Government's, Integrate d Rura l Developmen t Programm e (IRDP) , and othe r lan d 
reform projects , severa l estate s hav e bee n divide d int o smal l plot s an d 
distributed amon g loca l tenan t farmer s e.g . Carhol m i n th e centr e o f th e island ; 
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Melville Hall , Castl e Bruc e an d Newfoundlan d i n th e east ; Geneva , Bagatell e 
and Petit e Saavan e i n th e southeast ; an d Soufrier e i n th e south . 

These programme s hav e no t alway s prevente d furthe r encroachmen t int o 
neighbouring foreste d areas . Als o sinc e 1978 , a  sizeabl e portio n o f fores t ha s 
been turne d int o agricultura l land . I n Dominica' s Nationa l Structur e Pla n 
(GOCD, 1985 ) a  substantia l amoun t o f "unutilized " lan d i s t o b e transferre d t o 
more intensiv e us e (includin g agriculture ) b y th e yea r 2001 . Thi s changin g 
pattern o f lan d us e ha s implication s fo r soi l erosion an d conservation . 

Forestry an d forestr y developmen t ar e importan t t o Dominica . Timbe r 
extraction i s undertake n bu t accordin g t o Russe l (1974 ) i t damage s onl y a 
relatively smal l are a an d th e erosio n cause d i s no t significant . I n discussion s 
with curren t officer s i n forestry an d agricultur e i n Dominica , thi s view stil l seems 
to b e valid . Th e vie w i s tha t soi l los s fro m loggin g i s no t sever e becaus e o f 
selective felling . Th e exceptio n i s wher e land s ar e bein g brough t int o 
agricultural productio n an d ther e i s clea r fellin g fo r extractio n o f fores t specie s 
before lan d preparation . 

The introductio n o f th e chai n sa w and th e clearin g o f lan d fo r agricultur e 
throughout th e yea r (wit h littl e attentio n t o seasonality ) ha s accelerate d erosion . 
The remova l o f plantatio n tre e crop s an d substitutio n o f mixe d croppin g i s also 
a contributor . Th e cuttin g o f road s t o mak e agricultura l land s mor e accessibl e 
without prope r consideratio n o f soi l type , roa d cuttin g technique s an d roa d 
engineering ha s aggravate d th e problem . Th e expansio n o f agricultur e ha s le d 
to th e increase d utilizatio n o f margina l land s (e.g . steepe r slopes , shallowe r 
soils) an d thi s ha s le d t o greate r erosio n hazards . 

Grenada and Carriacou 

Grenada ha s suffere d les s fro m erosio n an d fertilit y exhaustio n tha n 
many o f the othe r islands . The two mai n reason s fo r thi s are: 

(a) th e island' s agricultur e i s base d largel y o n tre e crops , coco a 

(Theobroma cacao ) an d nutmeg ( Myristica fragrans).  Banan a and 
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food crop s ar e frequentl y interplante d with , fo r example , cocoa , an d 
major fores t fire s are no t prevalent ; 

(b) th e soi l paren t materia l i s very base-rich an d th e soi l ha s bee n furthe r 
enriched b y additions o f volcani c as h fro m eruption s i n nearb y island s 
in recen t times . Thus , eve n i f som e surfac e soi l i s lost , th e underlyin g 
exposed materia l i s almos t a s fertil e an d promote s rapi d vegetativ e 
growth. 

Although coco a an d nutme g ar e no t a  guarante e agains t erosion , the y 
cause les s erosio n tha n unde r les s permanen t crops . Som e sever e erosio n i s 
nevertheless eviden t o n hill s wher e factor s conduciv e t o erosio n exist , fo r 
example, lan d clearing , shiftin g cultivation , charcoa l burning , fragmentatio n o f 
land, poo r lan d distribution , squatting , lan d tenur e problems , an d poo r 
cultivation practices . Gullie s frequentl y develo p i n nutme g field s a s a  resul t o f 
the natur e o f th e soi l an d clearin g o f th e groun d cove r fo r nutme g collection . 
The neglec t o f thes e smal l gullie s ca n lea d t o th e rapi d developmen t o f larg e 
gullies. I n Grenada , significan t landslip s occu r i n som e soi l types . Example s o f 
a significant landsli p in Grenada ar e shown in Figure 2(a ) an d (b) . 

In contrast , Carriaco u ha s suffere d ver y sever e erosio n ove r nearl y th e 
whole islan d an d i n man y case s onl y th e paren t roc k remains . Thi s situatio n 
has bee n create d b y th e erodibl e natur e o f th e soils , cuttin g dow n o f th e 
original vegetation , usin g unsuitabl e cultivatio n method s an d ove r grazing . Ove r 
grazing ha s bee n aggravate d b y the "le t go " seaso n whe n animal s ar e allowe d 
to roa m freely . Thi s ha s encourage d denudatio n o f vegetation , soi l compaction , 
reduced infiltratio n an d erosion . Th e lo w annua l rainfal l whic h doe s no t 
promote rapi d vegetativ e growt h aggravate s th e proble m o f overgrazin g an d 
denudation. Extensiv e cotto n growin g i n th e earlie r year s wit h poo r soi l 
management practice s playe d a n importan t rol e i n aggravatin g soi l erosion . 

The soil s o f Cariaco u ar e skeleta l soil s ove r as h an d agglomerate , soil s 

formed fro m othe r igneou s rocks , and thos e forme d fro m limestone . The y ar e al l 

susceptible t o erosio n an d dee p gullie s ar e als o eviden t o n som e o f th e flatte r 

coastal areas . 
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Figure 2  Landslip s i n Grenad a 
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Montserrat 

Lang (1967 ) describe s th e whol e islan d o f Montserra t a s sufferin g fro m 
severe soi l erosio n an d th e greate r portio n o f th e islan d a s havin g los t al l it s 
topsoil. Th e extensiv e monocro p cultivatio n o f cotto n i n th e 1940' s an d 1950' s 
under poo r soi l managemen t ha s contribute d significantl y t o th e widesprea d 
erosion. Unlik e th e soil s o f Dominica , th e soil s o f Montserra t ar e generall y 
unstable an d man y soil s ar e highl y erodibl e i f cultivate d o n slope s greate r tha n 
10° (18%) . Th e assessmen t o f Lan g ma y b e hars h bu t th e leve l o f erosio n i s 
severe withou t a  doubt . 

Montserrat i s an islan d o f mini-farm s whic h offer s a  challeng e t o effectiv e 
soil conservatio n an d t o conservatio n o n a  watershe d basis . Thi s i s no t uniqu e 
to Montserrat . Effectiv e conservatio n i n thi s situatio n require s th e cooperatio n 
of man y farmers . Thi s is aggravated b y the fac t tha t farmer s mostl y practis e clea n 
cultivation o f vegetabl e an d foo d crop s (e.g . roo t crop s an d tube r crops ) o n 
steep slope s whic h leav e th e fragil e soi l expose d t o erosion . Relay-croppin g i s 
seldom practise d an d th e standar d o f soi l conservatio n i s no t high . 

St Kitts  and  Nevis 

The retentio n o f fores t cove r i n th e mountainou s area s o f St . Kitt s ha s 
served t o reduc e erosio n (Lan g an d Carroll , 1967) . Wher e th e fores t ha s bee n 
cleared an d plante d t o crops , som e accelerate d erosio n i s seen . However , sinc e 
the soil s ar e ver y permeabl e an d fre e draining , erosio n i s no t severe . Th e 
extensive growin g o f suga r can e help s t o reduc e erosio n excep t during  th e 
period whe n th e field s ar e cleare d fo r replantin g befor e th e we t seaso n arrives . 

On th e islan d o f Nevi s i n contrast , muc h erosio n ca n b e seen . I n man y 
areas an d particularl y o n th e smectoi d soils , th e surfac e soi l ha s bee n los t 
completely. Thi s situatio n wa s cause d primaril y b y poo r farmin g practice s an d 
the widesprea d cultivatio n o f cotto n unde r poo r soi l management . 
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S t Luci a 

Soil erosio n i s a  majo r proble m i n St.  Lucia . Man y o f th e soil s o f th e 
interior ar e ver y susceptibl e t o erosio n an d durin g heav y rain s soi l ca n b e see n 
being washe d awa y b y even th e smalles t rivulet s (Star k et  al. , 1966) . I n areas of 
allophanic cla y soils , slumpin g i s a  proble m an d gullyin g i s als o commo n 
throughout th e island . Th e commo n practice s o f clea n cultivatio n o f ver y stee p 
land an d o f clearin g steepl y slopin g foreste d lan d whic h woul d bette r b e lef t 
under it s origina l vegetatio n hav e accentuate d th e situation . Probabl y th e mos t 
severe effect s o f erosio n ar e o n th e so-calle d "shoa l soils " (Vertisols ) whic h 
contain a  laye r o f indurate d materia l i n th e subsoil . Onc e th e surfac e soi l ha s 
been los t i t i s impossibl e t o gro w crop s o n the m an d regeneratio n i s very slo w 
since thes e soil s occu r i n th e drie r part s o f th e island . Larg e area s o f lan d 
formerly unde r cultivatio n hav e bee n misuse d t o suc h a n exten t tha t the y hav e 
been abandone d an d lef t idl e for man y years . Rehabilitatio n ma y be very difficul t 
or impossible . 

S t Vincent 

The soil s o f St . Vincen t ar e entirel y o f volcani c origin . Fou r majo r soi l 
groups ar e recognize d (a ) High - leve l an d Low-leve l Yello w Earth s develope d 
over massiv e rock ; (b ) Recen t Volcani c As h soils ; (c ) Shoa l soil s an d 
(d) Alluvials . Becaus e o f th e hig h permeabilit y o f th e soils , the y ar e no t easil y 
eroded unde r natura l vegetation . Th e Yello w Earth s ar e wel l structure d soil s 
and no t naturall y erosio n prone . However , severa l o f th e soil s i n thi s grou p 
have relativel y shallo w topsoi l an d th e paren t materia l o r "rotting " roc k ca n b e 
found withi n 0.50-0.7 5 m  o f th e soi l surface . Th e saturatio n o f th e topsoi l i n 
the we t seaso n an d th e shallo w rootin g system s encourag e lan d slippage . Th e 
soils ar e erosio n pron e whe n denude d o f vegetatio n o r poorl y managed . Lan d 
slippage als o occur s i n th e shallo w shoa l soils . Th e Recen t Volcani c As h soil s 
(developed ove r cinder y materials ) ar e mor e pron e t o gullyin g tha n surfac e was h 
(sheet erosion) . Nevertheless , shee t erosio n i s commo n unde r poo r soi l 
management. 
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Soil erosio n is , however , considere d t o b e a  seriou s proble m i n St . 
Vincent, becaus e o f th e type s o f crop s grow n an d th e deficien t o r inadequat e 
crop an d soi l managemen t (Watso n et  al. , 1958) . Clea n cultivatio n o f roo t 
crops, groundnuts , banana , (an d previousl y cotton ) withou t adequat e soi l 
conservation ha s encourage d erosion . Cultivatio n o f roo t crop s an d 
groundnuts entail s a  grea t dea l o f disturbanc e o f th e soi l an d relativel y lon g 
periods i n which muc h o f th e soi l i s lef t bare . 

Many farmer s o f St.  Vincen t hav e traditionall y practise d soi l conservatio n 
which, fo r man y years , represente d th e bes t example s o f soi l conservatio n i n 
the Commonwealt h Caribbean . Thi s wa s a  consequenc e o f th e polic y o f th e 
Government t o financiall y suppor t o r subsidiz e soi l conservation . Wit h th e 
decline i n Governmen t subsid y th e standar d o f soi l conservatio n ha s decline d 
and ther e i s evidenc e o f increase d erosio n an d siltatio n o f wate r courses . Th e 
expansion o f annua l croppin g an d banan a cultivatio n t o ver y stee p slope s 
which shoul d remai n i n tre e crop s o r fores t ha s als o increase d erosio n i n recen t 
times. 

Tobago 

The soil s o f th e mountainou s are a o f Tobag o ar e forme d fro m paren t 
materials suc h a s volcani c tuffs , breccias , diorit e an d schist s an d ar e highl y 
prone t o erosion . Th e norther n an d wettes t en d o f th e islan d i s stil l unde r 
original fores t o r permanen t tre e crop s s o tha t erosio n i s restricted . Furthe r 
south, erosio n i s a  mor e seriou s problem . Hard y ha s describe d heav y erosio n i n 
the Castara-Palatuvie r are a o n th e leewar d sid e o f th e islan d wher e intensiv e 
peasant an d estat e cultivatio n wa s carrie d out . A t present , th e topsoi l i s ver y 
thin i n man y place s an d muc h o f th e lan d ha s bee n abandone d an d ha s 
reverted t o secondar y growth . A  fe w farmer s stil l persis t wit h limite d 
subsistence cro p productio n o n th e les s erode d an d les s stee p slopes . 

On th e windwar d sid e o f th e island , lan d o n th e volcani c soil s ar e 
cleared, mainl y b y burning , an d plante d t o arabl e crops . Evidenc e o f shee t 
erosion, gullyin g an d soi l slum p ca n b e see n throughou t th e are a whereve r th e 
land ha s bee n cleared . 
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The mos t erode d are a o f th e islan d i s th e Maso n Hall-Le s Coteau x 
district. Th e sand y cla y loa m soil s o f thi s are a forme d fro m diorit e i s ver y 
irregular, steepl y slopin g an d highl y erodible . Th e degradatio n starte d mor e 
than on e hundre d year s ag o whe n the y wer e cleare d an d use d continuousl y fo r 
sugar can e cultivation . Afte r th e collaps e o f th e suga r can e industr y i n Tobag o 
the land s wer e settle d b y shiftin g cultivators . Today , th e drie r part s o f th e are a 
resemble a  deser t whil e th e wette r part s ar e covere d wit h scru b vegetation . I n 
spite o f thi s degradatio n som e area s ar e stil l cleare d regularl y an d plante d t o 
row crops . Frequently , a  fir e starte d i n the drie r part s t o clea r a  smal l patc h fo r 
planting wil l sprea d widely , leavin g th e soi l bar e fo r th e heav y rain s o f th e we t 
season. Fortunately  th e paren t roc k weather s quickl y t o a  friabl e easil y worke d 
material whic h wil l suppor t limite d cropping . I f th e lan d i s no t croppe d to o 
often, ther e wil l alway s b e som e soi l lef t o n whic h som e croppin g ca n b e 
carried out . Simila r erosio n damag e o n th e mor e slowl y regeneratin g volcani c 
rock o r schis t woul d hav e bee n mor e disastrou s t o cro p production . 

Limited soi l conservatio n i s practised mainl y i n th e for m o f intercroppin g 

and occasionall y tras h mulching . O n erode d soil s th e topsoi l i s shallo w an d 

parent materia l ma y protrud e o n th e soi l surface . Som e soi l serie s hav e a 

distinct erode d phas e o f lo w fertility an d restricte d croppin g potential . 

2.1.3 Grou p Three (Jamaica and Trinidad) 

Jamaica 

Soil erosion i s rampant an d sever e i n man y parishe s an d o n man y soil s of 
the island . On e o f th e majo r factor s i s populatio n pressur e whic h result s i n 
increasing frequenc y an d intensit y o f lan d us e o r th e us e o f lan d beyon d it s 
capability. Th e parishe s o f Westmoreland , Portland , Hannover , Clarendo n an d 
St. Elizabet h ar e especiall y note d a s sufferin g severel y fro m accelerate d soi l 
loss, bu t seriou s erosio n i s note d i n al l parishes . Soil s o n whic h erosio n i s a 
serious proble m ar e th e limeston e soils , shale-derive d soil s and th e soil s forme d 
on grano-diorite . 

The shal e soil s ar e note d fo r thei r shallowness , poo r infiltratio n an d 
permeability, factor s whic h contribut e t o seriou s erosio n problems . The y ar e 



17 

among th e mos t importan t soil s i n area s o f extrem e soi l erosio n suc h a s 
Christiana an d Yallah s Lan d Authority . 

One seriou s consequenc e o f extensiv e erosio n i s th e commo n flas h 
flooding i n th e plain s o f man y area s afte r heav y rains . Th e flas h flood s 
themselves caus e muc h damag e t o crops , livestoc k an d property . 

Trinidad 

The earlies t comprehensiv e repor t o n soi l erosio n i n Trinida d wa s b y 
Hardy (1942) . H e reporte d considerabl e gullyin g an d shee t erosio n i n th e 
foothills o f th e Norther n Range , particularl y i n th e wes t wher e intensiv e 
cultivation wa s bein g carrie d out . Burnin g t o clea r th e lan d fo r plantin g a t th e 
start o f th e we t seaso n i s commo n an d landslip s ar e frequent . I n som e place s 
the soi l surfac e i s withi n 1 5 c m o f th e paren t rock . I n th e La s Loma s district , 
the sand y soil s ar e describe d a s bein g ver y erodible , bu t sinc e muc h o f th e lan d 
is i n fores t reserve , erosio n i s no t suc h a  sever e problem . I n th e Centra l Range , 
land cree p i s a  majo r proble m an d th e souther n slope s sho w man y landsli p 
scars. Chener y (1952 ) mentione d tha t Brass o clay , th e mos t widesprea d soi l of 
the Centra l Range , i s ver y erode d du e t o prolonge d cultivatio n u p an d dow n 
slope. H e als o mentione d tha t Montserra t clay , a  ver y productiv e coco a soil , i s 
highly pron e t o gullying . 

Both Hard y an d Chener y commente d o n th e sever e erosio n o f th e mar l 
soils an d th e associate d re d soil s o f th e Naparim a Distric t i n souther n Trinidad , 
with cap s o f expose d whit e mar l bein g a  commo n featur e o f th e hill s o f th e 
region. I n th e Souther n Rang e wher e soil s ar e derive d mainl y fro m sandstone , 
erosion occur s wherever th e origina l fores t cove r ha s been removed . 

There ha s bee n n o comprehensiv e no r sustaine d programm e o f soi l 
conservation. Poo r agronomi c practice s hav e persiste d s o tha t topsoi l 
continues t o b e los t especiall y fro m soil s i n th e Norther n Rang e an d th e topsoi l 
is no w shallo w i n man y locations . 
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2.2 Soi l Conservation Programmes 

Many soi l conservatio n project s o r programme s hav e bee n undertake n i n 
the Caribbean , sometime s a t considerabl e cost , t o protec t th e soi l agains t 
erosion, t o trai n farmer s an d agriculturalis t i n method s o f soi l conservation , t o 
facilitate productio n o n hillside s an d t o increas e th e productivit y o f hillsides . 
This effor t ha s bee n greate r i n Jamaic a tha n an y othe r Caribbea n island . Th e 
problems, however , ar e stil l man y an d seriou s an d muc h remain s t o b e done . 
The Governmen t o f Jamaic a throug h th e relevan t Ministrie s an d Statutor y 
Agencies ha s undertake n variou s watershe d protectio n activitie s e.g . 
reafforestation o n publi c lands , establishmen t o f permanen t tre e crop s an d 
engineering work s fo r gull y control , rive r trainin g an d drains . 

Gumbs (1992 ) reviewe d th e soi l conservatio n project s undertake n i n th e 
Caribbean ove r th e previou s 20-2 5 year s an d assesse d th e successe s an d 
failures o f thes e projects . A  brief summar y o f th e majo r project s undertake n i s 
presented below . 

2.2.1 Barbados 

The Scotlan d Distric t wa s th e targe t o f mos t o f th e soi l conservatio n 
effort. Th e mai n approac h ha s bee n th e us e o f engineerin g method s requirin g 
earth movin g equipmen t fo r lan d reshapin g an d stabilization , constructio n o f 
terraces, dam s an d siltin g ponds , surfac e an d subsurfac e drainage , th e 
construction o f gabio n weir s an d gabio n boxes , an d reafforestation . Thi s wa s 
costly an d whe n Governmen t an d Internationa l fundin g ended , farmer s wer e 
unable t o maintai n th e effort . Farmers ' plot s ar e als o smal l an d non-contiguou s 
and limi t implementation . I n som e case s reshapin g o f th e lan d aggravate d an d 
increased erosio n becaus e th e reshape d lan d wa s ofte n mor e pron e t o lan d 
slippage an d surfac e erosio n tha n th e original . I n addition , toxi c oi l an d sal t 
from th e subsoi l wer e sometime s expose d a t th e surfac e durin g reshaping . 



19 

2.2.2 Grenada 

The larges t an d mos t significan t projec t wa s th e UNDP/FA O projec t 
which wa s implemente d ove r th e perio d 1975-1985 . However , mos t o f th e soi l 
and wate r conservatio n method s require d costl y eart h movin g machiner y an d 
were labou r intensive . Th e terrace s wer e costl y t o construc t an d ha d t o b e use d 
continuously t o justif y th e cost . Farmer s di d no t adop t th e method s an d th e 
demonstration effec t failed . 

2.2.3 Dominica 

There ha s no t bee n an y majo r project s specificall y dedicate d t o soi l 
conservation whic h hav e receive d internationa l funding . Th e countr y has , 
however, bee n soi l conservatio n consciou s an d th e farmin g practice s reflec t 
this. Th e us e o f tre e crop s ha s been a  majo r componen t o f th e approac h t o soi l 
conservation. 

2 . 2 . 4 St.  Lucia 

The mai n project s undertake n were : 

(i) Soi l an d Wate r Conservatio n Projec t funde d b y th e Europea n 
Development Fund . Th e majo r thrus t wa s drainage an d lan d reclamation . 

(ii) Developmen t o f Soi l Conservatio n Practice s fo r Smal l Farm s 
funded b y CID A throug h M c Gil l University . Th e mai n aim s wer e t o establis h a 
soil conservatio n demonstration , trainin g an d researc h fiel d site , an d t o 
upgrade th e technica l capabilit y o f staf f o f th e Ministr y o f Agriculture , St.  Lucia . 
The demonstratio n effec t wa s no t successful , th e sit e wa s no t maintaine d afte r 
the projec t ended , an d farmer s di d no t adop t th e methods . 

(iii) Mabouy a Valle y Developmen t Project . Thi s projec t i s ongoing an d 
has show n promis e o f continue d adoptio n an d potentia l fo r sustainability . Th e 
approach adopte d b y th e projec t o f providin g incentive s an d promotin g 
community involvemen t an d participatio n seem s t o b e a n importan t reaso n fo r 
the achievement s s o far . 
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(iv) Fores t Managemen t an d Conservatio n Projec t i s funde d b y CID A 
and wa s projecte d t o terminat e b y th e en d o f 1992 . I n th e projec t thre e sub -
watersheds wer e selecte d fo r rehabilitatio n i n a  pilo t phas e an d t o provid e a 
model fo r extensio n t o othe r areas . Th e projec t ha s no t bee n finall y evaluate d 
but the approac h o f involvin g the entire family , th e community , nationa l farmer s 
association, socia l considerations , avoidanc e o f th e grati s mentality , an d 
provision o f institutiona l support s t o th e farmers , seem s t o b e contributing , t o 
the succes s o f th e project . 

(v) Locall y Funde d Soi l Conservatio n Project s o f th e Lan d an d Wate r 
Use Uni t an d th e Forestr y Divisio n o f th e Ministr y o f Agriculture . 

2.2.5 St.  Vincent 

(i) Cumberlan d Watershe d Managemen t Projec t whic h wa s 
undertaken 1984-198 9 wa s th e majo r soi l conservatio n project . I t wa s a 
complementary projec t t o th e Cumberlan d Hydro-Electiv e Projec t funde d b y 
USAID, an d th e mai n objective s wer e t o maintai n good  watershe d conditions , 
intensify agricultura l an d forestr y productivit y withou t soi l degradation , an d 
extend th e experienc e t o othe r critica l watersheds . Th e projec t wa s no t ver y 
successful fo r man y reason s whic h hav e bee n discusse d b y Gumb s (1992) . 

(ii) Smal l Holde r Cro p Improvemen t Projec t i s i n progres s (1990 -
1997) an d i s funde d b y th e Internationa l Fun d fo r Agricultura l Developmen t 
(IFAD). I t ha s a  soi l conservatio n componen t whic h i s outline d b y Gumb s 
(1992). 

(iii) Watershe d Managemen t Pla n fo r th e Colonari e Rive r Basi n i s 
currently bein g formulate d (1990-1995 ) wit h fundin g fro m CIDA . The projec t i s 
essentially a n inventory , capabilit y assessmen t an d plannin g exercis e fo r th e 
Basin. I t propose s t o develo p managemen t plans , proposal s fo r farmin g system s 
and soi l conservation . However , i t i s no t clea r ho w comprehensiv e an d 
implementable the y wil l be. 
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2.2.6 Jamaica 

The followin g majo r project s hav e bee n undertake n o r ar e bein g 

undertaken: 

(i) Forestr y Developmen t an d Watershe d Managemen t i n th e Uplan d 

Regions (1968-1975 ) funde d b y FAO; 

(ii) Firs t Rura l o r Kenilworth Projec t (1971-1977 ) funde d b y UNDP; 

(iii) Secon d Rura l o r Secon d Integrate d Rura l Developmen t Projec t 
(1978-1983) funde d b y USAID; 

(iv) Project s o f th e Soi l Conservatio n Uni t an d Lan d Authorities ; 

(v) Strengthenin g th e Nationa l Soi l Conservatio n Programm e fo r 

Integrated Watershe d Developmen t (1979-1982 ) funde d b y UNDP , Norwa y an d 

Government o f Jamaica ; 

(vi) Hop e Rive r Watershe d Projec t wa s initiate d i n 198 7 an d consiste d 
of thre e Phases . I t i s stil l ongoing ; 

(vii) Smal l Far m Credi t Projec t (1989/90-1996 ) i s funde d b y IFAD . 
Funds ar e provide d t o th e Agricultura l Credi t Ban k (ACB ) an d People' s 
Cooperative Bank s fo r lendin g t o smal l farmers . A  specifi c Hillsid e Farmer s 
Support Projec t i n whic h soi l conservatio n wa s t o b e a n explici t requiremen t o f 
the projec t wa s undertaken . 

(viii) Hillsid e Agricultura l Projec t (HAP ) an d Hillsid e Agricultura l Sub -
Projects (HASP ) implemente d unde r HAP . Thi s projec t wa s initiate d i n 198 7 
and i s du e t o terminat e i n 1994 . I t ha s show n som e degre e o f succes s an d i s 
specifically reviewe d i n Chapte r 8 . 
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(ix) Th e Sustainabilit y o f Contemporar y Agricultura l Lan d Us e i n th e 
Blue Mountain s o f Jamaic a wa s initiate d i n 199 1 an d i s propose d a s a  thre e 
year project . 

The majorit y o f project s hav e faile d t o achiev e thei r objective s o f 
adoption an d sustainabilit y o f soi l conservation b y farmers . Man y o f th e reason s 
are sociologica l and , t o a  lesse r extent , administrativ e an d technical . Thes e ar e 
discussed i n th e succeedin g chapters . 
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C H A P T E R 3 

SOCIOLOGICAL FACTORS IN SOIL CONSERVATION 

Although farmer s o n hillside s i n th e Caribbea n ar e awar e o f th e nee d fo r 
soil conservation , th e leve l o f adoptio n an d implementatio n i s low . I t wa s 
generally accepte d tha t th e developmen t o f technologies , th e demonstratio n o f 
those technologie s an d th e provisio n o f technica l assistanc e wer e al l tha t wa s 
needed t o achiev e implementatio n an d sustainabilit y o f soi l conservation . Th e 
belief wa s tha t i f farmer s ca n se e th e reductio n i n soi l erosio n an d improve d 
crop yiel d throug h th e us e o f soi l conservatio n measure s the y wil l implemen t 
the methods . Th e lac k o f succes s o f soi l conservatio n project s ove r man y 
decades usin g thi s approac h ha s le d t o th e realizatio n tha t soi l conservatio n 
policy, the metho d o f implementation , an d huma n behaviou r ar e mor e importan t 
than technology . 

Soil conservatio n i s no t onl y a  technica l problem , i t i s also a  behavioura l 
or socia l problem . Socio-cultura l an d socio-economi c factor s an d decisio n 
making method s mus t b e considere d i n th e desig n an d implementatio n o f soi l 
conservation projects . I t i s a  mistak e t o believ e tha t becaus e benc h terrace s ar e 
widely adopte d b y farmer s i n th e Fa r Eas t an d th e Unite d State s o f America , 
they wil l b e readil y adopte d b y farmer s i n th e Caribbea n becaus e a  scientis t 
says they ar e good  an d shoul d b e implemented . 

The revie w an d assessmen t o f th e successe s an d failure s o f soi l 
conservation project s i n th e Caribbea n (Gumbs , 1992 ) hav e reveale d th e socia l 
problems whic h hav e constraine d th e successfu l an d sustaine d adoptio n o f soi l 
conservation. Thi s chapte r examine s th e importan t socio-cultura l an d socio -
economic factor s whic h mus t b e considere d an d ar e relevan t t o th e 
implementation o f soi l conservatio n projects , an d assesse s th e actua l 
experiences wit h th e implementatio n o f soi l conservation i n the Caribbean . 
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3.1 Socio-Cultura l Considerations 

The fou r cultura l criteria i n project implementatio n are : 

Identification o f critica l behavioura l factors . 

Familiarity an d closenes s o f projec t designer s an d technica l staf f 

with projec t events . 

Ability t o measur e an d evaluat e succes s i n quantifiabl e terms . 

Evaluation o f th e rol e an d performanc e o f th e projec t designer s 
and implementin g agency . 

Identification of Critical Behavioural Factors 

It i s importan t t o recogniz e tha t th e critica l behavioura l factor s mus t b e 
identified an d considere d i n th e projec t design . Wit h ever y successfu l project , 
social chang e whic h i s necessar y fo r successfu l projec t implementation , wil l 
occur. Th e acceptanc e o f thi s chang e i s necessar y i f th e chang e i s t o b e 
sustained an d recipient s ar e no t t o rever t t o thei r forme r ways . 

Relevant informatio n ha s t o b e gathere d whic h wil l infor m al l aspect s o f 
project desig n an d implementation . Ther e ar e tw o way s i n whic h thi s 
information ca n b e obtaine d (a ) b y a  revie w o f existin g literature ; (b ) dat a 
collection i n th e field . A  ver y popula r metho d employe d toda y i n collectin g 
information ver y quickl y an d cheapl y i s th e Sonde o whic h i s a  rapi d rura l 
reconnaissance o r appraisal . Th e informatio n gathere d b y thi s metho d i s late r 
verified an d strengthene d b y conductin g a  Baselin e Surve y whic h i s a  mor e 
formalized metho d o f dat a collection . 

The questionnaire , discussion s wit h th e rura l communit y an d 
subsequent appraisa l o f th e informatio n shoul d identify , inter  alio,  curren t 
systems, problem s an d constraints , reason s fo r certai n actions , result s o f 
previous attempt s t o effec t change , an d attitude s whic h hav e bee n conditione d 
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by th e physical , socia l an d cultura l environmen t o r b y tradition . Th e view s o f 
prospective projec t participant s mus t b e sough t an d considered , an d th e 
participants give n o n opportunit y t o contribut e t o projec t design . 

Familiarity and Closeness of Implementors with Project Events 

Project staf f mus t b e familia r wit h al l aspect s o f th e projec t an d mus t b e 
equipped t o implemen t th e project . Becaus e al l technica l an d socia l factor s an d 
their interaction s ma y no t b e know n a t th e projec t desig n stage , ther e ma y b e a 
need t o adjus t th e desig n o f th e projec t t o mee t th e objectives . Thi s mus t b e 
allowed afte r suitabl e consultations . 

Some o f th e mor e importan t factor s whic h ar e necessar y t o ensur e thi s 
relationship are : 

(i) knowledgeabl e an d sociall y awar e manager s an d agents ; 

(ii) agent s an d extensio n officer s mus t clearl y understan d th e 
project objective s an d th e rol e th e extensio n office r ha s t o 
play; 

(iii) earl y appointmen t an d continuity o f staff ; 

(iv) effectiv e lin e of communicatio n whic h mus t no t b e too long ; 

(v) authorit y o f manager s t o adjus t o r eve n redesig n i n ligh t o f 
experience; 

(vi) suitabl e extensio n officer/participant s rati o fo r effectiv e 
servicing an d monitoring ; 

(vii) abilit y t o provid e timel y input s i n accordanc e wit h 
agreement; 
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(viii) prope r monitorin g t o ensur e tha t projec t desig n i s bein g 

adequately implemented ; 

(ix) evaluatio n a t importan t stage s t o sho w tha t th e projec t ha s 
met policy , audit , an d economi c target s an d legislativ e 
criteria, an d t o appl y th e lesson s learn t t o othe r projects ; 

(x) projec t mus t b e locate d clos e t o participant s i.e . i n thei r 
locality; 

(xi) involvemen t o f loca l people in service delivery and i n bringing 
about change s i n attitudes . 

The organization s whic h ca n b e involve d ar e voluntar y 
associations, cooperatives , traditiona l associations , women' s 
groups, churche s an d othe r simila r organizations . I t i s 
important t o conside r membershi p composition , leadership , 
meeting procedures , an d th e influenc e o f suc h organization s 
when decidin g o n th e rol e tha t the y shoul d pla y i n projec t 
implementation. Th e leadershi p mus t b e carefull y chose n an d 
therefore i t i s necessar y t o conside r thei r socia l an d 
economic background , th e proces s b y whic h the y ar e 
selected, th e term s o f thei r office , th e ways i n which the y ar e 
rewarded, an d th e proces s b y which the y ca n b e replace d o r 
removed. Th e importan t interes t group s mus t b e represente d 
and attentio n mus t b e pai d t o continuit y o r turnove r i n 
membership an d th e obligation s o f members . Th e frequenc y 
of meetings , procedure s fo r callin g meetings , method s o f 
publicizing, regularit y o f attendance , th e independenc e 
under whic h meeting s ar e hel d an d th e influenc e an d 
authority o f thos e wh o atten d ar e relevan t considerations . 

The ai m o f a  successfu l soi l conservatio n projec t i s t o hav e th e 
behavioural change s whic h hav e bee n introduce d b y th e project , 
institutionalized. Whe n thi s occur s th e specifi c projec t support s ca n b e 
withdrawn o r reduce d t o a  minimum . Project s ar e frequentl y designe d fo r thre e 
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to fiv e years . Whil e thi s tim e perio d ma y b e adequat e fo r infrastructura l 
development project s (e.g . constructio n o f facilitie s o r structures , training) , 
longer period s (10-1 5 years ) ma y b e a  mor e realisti c perio d whe n behavioura l 
change i s a  factor . I t i s ofte n no t feasibl e t o sustai n o r fun d a  projec t fo r suc h 
long period s an d therefor e realisti c an d specifi c target s mus t b e se t fo r a 
project whic h fall s withi n th e 3- 5 yea r period . I t i s critica l tha t th e require d 
behavioural change s ar e clearl y understoo d an d institutionalize d b y bot h publi c 
sector an d communit y organization s i n orde r t o ensur e continuit y afte r th e 
project. Soi l conservatio n project s ar e frequentl y substantiall y subsidized , thu s 
reducing th e potentia l fo r long-ter m behaviou r change . Th e vie w tha t farmer s 
who practis e soi l conservatio n mus t b e assiste d b y grant s become s entrenched . 

Measurement and Evaluation of Success 

For th e succes s o f a  projec t t o b e assesse d i t i s necessar y t o hav e 
measurable criteria . Inpu t an d outpu t parameter s whic h measur e behavioura l 
change mus t b e quantified . Succes s mus t no t b e measure d i n term s o f th e 
number o f farmer s wh o hav e adopte d th e propose d practic e bu t th e impac t o f 
the cos t o f adoptin g th e technique s o n th e farmers ' incom e an d th e 
improvement o f hi s standar d o f livin g o r qualit y o f life . Th e numbe r o f peopl e 
who hav e bee n targete d an d wh o hav e benefite d hav e t o b e assessed . Socio -
economic assessmen t i s considered i n Sectio n 3.2 . However , i t mus t b e note d 
here tha t fo r a  farmer , mone y i s th e botto m line , an d fo r soi l conservatio n 
practices t o b e sustaine d the y mus t resul t i n economi c benefits . 

Evaluation of Project Designers and Implementing Agencies 

The rol e an d performanc e o f projec t designers , implementor s an d 
participants ar e al l importan t t o th e succes s o f a  project . A  poorl y designe d 
project o r failur e o f participant s t o cooperat e wil l caus e a  projec t t o fai l 
regardless o f ho w goo d th e othe r component s are . Th e projec t designers , th e 
funding agency , i n additio n t o th e implementin g agenc y an d participant s mus t 
be evaluated . Thes e evaluation s wil l allo w th e identificatio n o f th e basi s fo r 
success an d failure . I t wil l avoi d simila r error s bein g repeate d i n othe r simila r 
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projects an d preven t alienatio n o f th e communit y fro m participatio n i n othe r 
projects. Conversely , successfu l projects , methods , o r system s ca n redoun d t o 
the benefi t o f othe r projects . 

If a  projec t i s not t o collaps e afte r projec t fundin g an d othe r support s ar e 
terminated, th e organization' s o r recipient' s implementatio n capacit y mus t b e 
improved o r mus t b e adequate . Thi s mus t b e assesse d befor e th e projec t i s 
embarked on . I t ma y b e bette r t o exten d th e projec t fo r a  whil e longe r i f thi s 
would increas e th e chance s o f surviva l than terminat e a t th e officia l terminatio n 
date. 

3.2 SocioEconomi c Consideration s 

Analysis o f economi c efficienc y o r cost/benefi t analysi s mus t b e carrie d 
out. Sometime s i t i s necessar y t o asses s th e economi c efficienc y o f projec t 
alternatives. Lac k o f traine d manpowe r an d tim e ofte n preven t th e explorin g o f 
alternatives. 

It i s no t alway s eas y t o obtai n price s t o asses s cost/benefit . Som e 
benefits ma y no t b e easil y an d accuratel y quantifiable . I n addition , man y 
distortions i n th e pricin g syste m whic h ar e commo n i n developin g countrie s 
occur e.g . protectiv e tariff s an d quantitativ e restriction s o f import s an d exports ; 
unrealistic exchang e rate s whic h undervalu e o r overvalu e nationa l currency ; 
government control s ove r interes t rates . Thes e distortin g factor s ca n mak e 
appraisal o f th e socia l o r economi c benefit s o f a  projec t base d o n actua l price s 
both incomplet e an d inaccurate . I f market force s operate d freel y i n th e presenc e 
of domesti c an d internationa l competition , actua l price s o f al l factor s o f 
production woul d giv e a n accurat e assessment . 

Projects suc h a s soi l conservation  whic h ar e sociall y profitabl e bu t whic h 
incur a  los s o n th e basi s o f marke t price s ma y hav e t o subsidize d a s a  matte r o f 
public policy . Th e kind s o f subsidie s an d method s o f implementatio n ca n hav e 
adverse socia l impact s whic h mus t b e avoided . 
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Farmers i n developin g countrie s seldo m kee p goo d record s o f thei r 
activities which ar e essentia l fo r an y accurat e economi c analysis . Mor e attentio n 
must b e pai d t o prope r record-keepin g bot h b y farmer s an d implementin g 
agencies i f the tru e economi c impac t o f soi l conservation i s to b e obtained . 

3.3 Influenc e of Sociological Factors on Soil 
Conservation Projects in the Caribbean 

The economi c impac t o f th e soi l conservatio n project s implemente d i n 
several countrie s o f th e Caribbea n hav e no t been  evaluate d an d th e informatio n 
to permi t thi s evaluatio n ha s no t been  collected . Th e project s ca n therefor e onl y 
be evaluate d o n th e basi s o f th e numbe r o f farmer s wh o hav e adopte d an d 
implemented th e technica l recommendations . Th e implementatio n o f th e 
methods promote d b y th e project s ha s no t bee n widesprea d an d usuall y doe s 
not reflec t th e effor t an d expenditure . Mos t o f th e conservatio n project s di d no t 
achieve th e objective s o f adoptio n an d sustainabilit y b y farmers . Severa l factor s 
are responsibl e fo r thi s an d man y o f the m ar e commo n t o project s whic h hav e 
been implemente d i n the Caribbea n islands . The mai n factor s are : 

(i) Squattin g and land tenure 
Farmers wh o d o no t hav e titl e t o thei r lan d o r ar e squattin g d o no t 

readily adop t soi l conservatio n i f i t cost s the m time , mone y an d labour . 
Preventing soi l los s i s not a  priorit y sinc e the y d o no t ow n th e land . 

(ii) Smal l form size 
Many conservatio n practice s ar e considere d unacceptabl e becaus e the y 

reduce th e alread y smal l lan d area fo r croppin g e.g . drains , terraces , som e type s 
of contou r barriers , trees . 

(iii) Engineerin g structures 
Conservation base d o n engineerin g structur e ar e ofte n to o costl y an d 

technically difficul t fo r resourc e poo r smal l farmers wh o comprise th e majorit y o f 
farmers o n hillsides . 
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(iv) Educationa l level and trainability 
The farmer s o n hillside s ofte n lac k forma l educatio n an d therefor e th e 

training programme s mus t tak e thi s into  consideration . Th e farmer s canno t b e 
expected t o quickl y absor b technicall y complicate d measures , unles s the y ar e 
correctly presented . 

(v) Top-dow n rather than botton-up approach 
The syste m o f instructin g farmer s t o adop t method s whic h ar e assesse d 

by th e technician s t o b e goo d fo r them , ha s no t le d t o successfu l adoption . 
This approac h doe s no t alway s conside r th e needs , limitation s an d socia l 
context o f th e farmer . Th e bottom-u p approac h whic h involve s th e participant s 
and relevan t member s o f th e communit y a t th e plannin g an d implementatio n 
stage overcome s man y o f the difficulties . 

(vi) On-far m demonstration rather than demonstration 
on Government stations 
Demonstrations o n Governmen t station s i n particula r hav e no t prove d t o 

be a  successfu l metho d o f transferrin g soi l conservatio n technology . Farmer s 
generally fee l tha t the y d o no t hav e the resource s o f th e Governmen t station s t o 
implement th e measures . 

(vii) Labou r availability and cost 
The variou s far m activitie s compete wit h soi l conservation fo r labour . Soi l 

conservation doe s no t tak e precedenc e whe n labou r i s scarc e and/o r 
expensive. 

(viii) Economic benefits 
Farmers ar e mor e motivate d t o adop t soi l conservatio n fo r economi c 

reasons tha n altruisti c reason s lik e savin g th e soi l fo r posterity . Som e soi l 
conservation method s e.g . benc h terraces , ofte n resul t i n yiel d decline s i n th e 
early year s especiall y whe n th e subsoi l i s exposed durin g construction . 
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(ix) Subsidie s and dependency 
Financial suppor t provide d fo r soi l conservatio n lead s t o th e farmer s 

ceasing t o practic e soi l conservatio n whe n th e subsid y i s terminated . The y 
come t o accep t soi l conservatio n a s a  measur e whic h mus t b e finance d i n tota l 
or i n par t b y th e Government . Som e assistanc e seem s t o b e necessar y bu t th e 
type o f subsid y an d metho d o f administratio n ar e critica l i f i t i s no t t o b e 
abused o r t o b e ineffective . 

(x) Poo r project management 
Early appointmen t o f staff , full y traine d staf f wit h ful l awarenes s o f 

objectives, staf f continuity , timel y inputs , availabl e market s fo r th e crop s 
recommended hav e influence d th e successfu l implementatio n o f th e projects . 

(xi) Rol e of extension officers and agents 
They mus t kno w an d understan d thei r role s an d us e th e mos t effectiv e 

methods fo r disseminatin g informatio n an d transferrin g technology . Th e 
perception tha t th e messenger s ar e no t competent , reliabl e o r sincer e impact s 
negatively o n th e participant s an d reduce s th e chance s o f successfu l 
implementation. Thes e factor s hav e playe d importan t role s i n limitin g th e 
success o f th e implementatio n o f soi l conservatio n an d mus t b e considere d i n 
future project s o r programmes . 
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C H A P T E R 4 

LAND TENURE AND SOIL CONSERVATION 

4.1 Lega l Tenure 

A distinctiv e featur e o f agricultura l lan d tenur e i n th e Caribbea n i s th e 
large numbe r o f smal l holding s whic h occup y a  disproportionatel y smal l are a o r 
percentage o f agricultura l land . A  hig h percentag e o f th e lan d i s no t owne r 
occupied. Th e dat a fo r Grenada , St . Vincen t an d St.  Kitt s presente d i n Tabl e 
4.1 ar e typical. 

Lack o f secur e tenur e b y th e larg e majorit y o f farmer s restrict s th e 
effective functionin g o f bot h th e lan d marke t an d th e incentiv e fo r lon g ter m 
investments i n lan d an d agriculture . I n St.  Luci a a  majo r limitation s i s "famil y 
land" whic h i s jointly claime d b y member s o f a n extende d family , sometime s 
more tha n 50 , wh o hav e undivide d right s t o cultivat e o r otherwis e occup y a 
portion o f th e family' s land . Th e actua l cultivato r o f th e lan d i s therefore withou t 
incentive t o inves t i n th e lan d o r t o us e i t a s collateral . Man y o f th e ver y smal l 
farmers hav e shor t ter m rente d lan d an d woul d lik e to leas e o r ow n t o b e abl e 
to acces s credi t an d increas e investment . Farmer s wit h shor t ter m insecur e 
tenure d o no t gro w tree crop s an d canno t readil y b e persuade d t o d o so . I n St . 
Kitts mor e tha n 90 % o f th e lan d i s Government owne d an d onl y recentl y ha s i t 
been persuade d t o offe r longe r lease s (3 5 years ) t o induc e a  lon g ter m vie w of 
agriculture. 

In Antigua , th e productio n fro m smal l farm s i s declining . Mediu m an d 
some larg e scal e entrepreneuria l farmer s ar e developin g a  wid e variet y o f 
enterprises fo r th e loca l an d expor t nich e marke t usin g improve d technologies . 
Enterprises includ e mea t production , melon , pineapple , pawpa w (payaya) , goo d 
quality vegetable s (especiall y onions ) unde r appropriat e irrigation . Th e 
Agricultural Developmen t Corporation , a  Governmen t organizatio n wit h a 
production remit , i s producin g pineapples , foo d crops , vegetable s an d fruits . 
The futur e o f agricultur e i n Antigu a wil l b e determine d b y thes e group s unles s 
Government increase s securit y o f tenure t o smal l farmers an d assis t wit h timel y 
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TABLE 4.1: Far m size distribution and type of tenure In Grenada, 
St. Kitts and St. Vincent 

Grenada 

(a) Far m Size Distribution 

Size of farms 

(ha) 

< 2 

2-20 

> 2 0 

No. o f farms 

7218 

902 

82 

49% o f farms were < 0.5 ha 

% of farm s 

88 

11 

1 

% of land 
area 

31 

36 

32 

Area of 
agric, lan d 

(ha) 

2411 

2800 

2489 

(b) Tenure 

Owner 
Owner/Renter 
combination 

Renter 

Manager 
Family owned 
Share croppe d 
Landless 

37 
22 

6 
22 
11 

1 

0.7 

2878 
1711 

467 

1711 

855 
78 
54 

St. Kitts 

(a) Far m Size Distribution 

Size of farm s 
(ha) 

0 .04- 1. 2 

1.2 - 1 0 

>10 

No. o f farms 

3000 

220 

32 

% of farms 

92 

7 

1 
Cont'd 
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TABLE 4.1 -  Cont' d 

(b) Tenur e 

Owner 

* Operated fre e 

Renter/short leas e 

Share croppe d 

% o f farm s 

36.4 

38.5 

23.5 

1.6 

* as par t o f ol d estate arrangement s 

St Vincent 

(a) Far m Size Distribution 

Size of farm s 

(ha) 

< 1 . 0 

1.0- 2. 0 

2.0-10.0 

10.0-20.0 

> 2 0 

(b) Tenur e 

Owner 

Renter 

Squatter 

More tha n 
one form 

No. of farm s 

4888 

974 

852 

35 

50 

4763 

1094 

298 

465 

% of farms 

72 

14 

12.5 

0.5 

0.7 

72 

17 

5 

7 

% of lan d 
area 

15 

11 

22 

4 

49 

68 

9 

3 

20 

Area o f 
acme, lan d 

(ha) 

1783 

1288 

2612 

480 

5860 

8124 

1084 

319 

2427 
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inputs e.g . fertilizers , water , storage , transport , marketin g an d technica l 
assistance. Th e advantag e o f thi s tren d toward s large r scal e production , 
however, i s that soi l conservation woul d b e easie r t o implement . 

The Stat e i s a  majo r lan d holde r (Crow n Lands ) i n man y Caribbea n 
countries. I n th e extrem e cas e o f St . Kitts , th e Stat e own s a s muc h a s 90 % of 
the land . Thi s facilitate s th e protectio n o f lan d a s fores t reserve s o r protecte d 
areas fo r wate r production , nationa l park s an d othe r activitie s i n th e publi c 
interest. I n al l States , th e Crow n ha s th e lega l righ t t o acquir e land s fo r publi c 
purposes. Th e lega l righ t i s generall y prescribe d i n Th e Lan d Acquisitio n Act . 
Unoccupied land s ma y als o b e veste d i n th e Crow n e.g . unde r th e Crow n 
Lands Ordinanc e o f St . Luci a o r Crow n Land s (Vestin g an d Disposal ) Ac t o f 
Barbados. However , i n som e island s th e record s o f ownershi p an d titl e t o lan d 
are no t alway s curren t an d easil y available . I n thi s situatio n th e ownershi p o f 
some lan d i s no t alway s know n o r i s i n disput e an d th e exac t amoun t o f lan d 
owned b y the Stat e i s no t alway s known . 

Most State s hav e mad e effort s t o protec t smal l agricultura l holding s b y 
legal instrument s enshrine d i n th e Agricultura l Smal l Holding s Ac t 
(St. Kitts/Nevis) , Agricultura l Smal l Tenancie s Ac t (St . Lucia , St . Vincent) , 
Security o f Tenur e o f Smal l Holding s Ac t (Barbados) , Agricultura l Smal l 
Tenancies Ordinanc e (Grenada , Dominica) . 

In severa l island s e.g . Dominica , Grenada , St . Lucia , Government s hav e 
been purchasin g estate s fo r distributio n t o farmer s o r distributin g Crow n Lan d 
in lan d settlemen t o r rura l developmen t schemes . Althoug h farmer s ar e require d 
by legislatio n t o practis e soi l conservation , thi s i s no t enforce d an d ther e i s 
often insufficien t o r inadequat e agricultura l extensio n an d technica l suppor t t o 
ensure o r enforc e good  soi l management . 

It seem s therefor e tha t insecur e tenur e i s a  majo r deterren t t o farmer s 
practising soi l conservatio n o n smal l holdings . Mos t o f th e farmer s o n thes e 
lands ar e no t intereste d i n soi l conservatio n per  se  an d i n protectin g th e lan d 
which the y d o no t own . Smal l farmer s d o no t adop t soi l conservatio n practice s 
which the y perceiv e t o b e usin g thei r limite d availabl e spac e an d t o b e 
competing fo r scarc e resource s (e.g . labour ) withou t bringin g a  cas h return . 
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Therefore, a  smal l farme r o n stee p lan d whic h h e doe s no t ow n i s a  threa t t o 
soil erosions , o n hi s plo t an d downslope . 

4.2 Squattin g 

Squatting i s a  growin g proble m i n th e Caribbean . I t i s bein g accelerate d 
by th e declinin g economie s an d risin g unemployment . Squattin g take s plac e 
largely o n State-owne d lands , larg e estate s o r land s wit h absente e owners . 
Squatters commonl y occup y lan d a t hig h elevatio n an d o n stee p slope s an d us e 
the lan d fo r housin g an d agriculture . Becaus e o f th e lac k o f permanenc e i n th e 
tenancy, ther e i s n o incentiv e t o practis e soi l managemen t whic h woul d 
conserve th e soi l agains t erosion . Ther e i s slash an d bur n activit y an d crop s ar e 
planted i n relatio n t o marke t deman d an d no t lan d capability . Fores t fire s an d 
deforestation frequentl y occu r fro m slas h an d bur n agricultur e an d othe r 
activities o f squatters . 

The numbe r o f squatter s an d th e are a o f lan d they occup y hav e no t bee n 
determined bu t i t i s eviden t tha t ther e i s substantia l squattin g i n man y o f th e 
islands. A  recen t medi a repor t o f a  speec h b y th e Ministe r o f Foo d Productio n 
of Trinida d an d Tobag o estimate s th e numbe r o f squatter s i n Trinida d an d 
Tobago t o b e abou t 50,00 0 ou t o f a  tota l populatio n o f 1. 2 millio n people . 
Interviews wit h technica l staf f i n th e Ministrie s o f Agricultur e an d Department s 
of Forestr y indicat e tha t squattin g i s a  seriou s problem . Ther e ar e man y 
squatters' settlement s wit h poo r o r n o infrastructur e an d publi c amenities . 
Many o f th e squatter s obtai n thei r livelihoo d fro m farming . 

Squatting i s suc h a  majo r proble m i n mos t territorie s tha t Government s 
seem t o hav e littl e alternativ e t o regularisin g majo r squattin g area s an d 
providing th e basi c infrastructur e o r t o providin g low-cos t housin g i n identifie d 
residential developments . Ther e i s nee d fo r a n associate d legislatio n t o preven t 
further sprea d o f squattin g an d fo r adequat e institutiona l arrangement s fo r 
monitoring an d implementin g th e system . 

The proble m o f squattin g ha s t o b e addresse d i n an y lan d us e plannin g 
to reduc e th e significan t erosio n whic h occur s o n squatters ' holdings . 
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C H A P T E R 5 

INSTITUTIONAL AND LEGISLATIVE FACTORS IN SOIL CONSERVATION 

The majo r activitie s an d problem s arisin g i n th e watershed s o f th e 
Caribbean relat e t o forestry , agriculture , touris m an d settlements . Wate r 
production an d th e protectio n o f wate r sources , deforestation , soi l erosion , 
flooding, pollutio n fro m agricultura l chemical s an d sewerag e disposa l ar e th e 
major concerns . Watershed s therefor e hav e t o b e manage d t o protec t agains t 
the kin d o f us e whic h woul d creat e o r exacerbat e thes e problems . 

There ar e fiv e element s whic h ar e critica l t o th e managemen t an d 
protection o f watershed s i n the Caribbean . 

• Polic y an d managemen t planning ; 
• Politica l will ; 
• Institutiona l arrangements ; 
• Supportin g lega l instruments ; 
• Technical , financia l an d othe r support s fo r implementation . 

This sectio n i s concerne d mainl y wit h reviewin g th e institutiona l an d 
legal arrangement s fo r facilitatin g o r promotin g th e adoptio n o f soi l 
conservation an d minimizin g soi l erosio n an d th e pollutio n o f wate r source s b y 
agricultural activitie s i n th e watershed . I t i s concerne d wit h forestr y 
management a s i t relate s t o agroforestry , soi l management , an d th e protectio n 
of wate r intake s agains t pollution . Th e report s o f th e consultant s o n lan d us e 
and watershe d management , an d o n legislation , t o th e Foo d an d Agricultura l 
Organisation/Tropical Forestr y Actio n Programm e (FAO /TFAP) wer e importan t 
sources o f informatio n fo r thi s chapter . 
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5.1 Polic y and Management Planning 

5.1.1 Polic y 

Caribbean Government s hav e explici t o r implici t policie s o f watershe d 
protection. Th e polic y translate s int o sectora l policie s wit h implication s t o 
watershed managemen t o r into  prescription s agains t severa l kind s o f activitie s 
in th e watershe d whic h ca n damag e th e watershe d o r caus e environmenta l 
degradation. Ther e is , however , a  nee d fo r mor e clearl y articulate d policie s o n 
watershed management . 

5.1.2 Managemen t Planning 

Planning an d managemen t o f lan d us e an d watershe d developmen t ar e 
ad hoc  an d generall y ineffective . Ther e are n o comprehensive lan d us e plan s nor 
land zoning . Countrie s hav e periodicall y prepare d Nationa l Developmen t Plans , 
and Sectora l Plans . Som e hav e als o prepare d (Trinida d an d Tobago) , o r hav e in 
preparation (St . Vincent) , Nationa l Physica l Developmen t Plan s whic h hav e no t 
been approve d b y Parliamen t an d implemented . Lan d us e plannin g an d lan d 
zoning hav e no t bee n addresse d i n a  comprehensive manner . 

Urban development , wate r an d sewerag e development , an d forestr y 
development ar e regulated , an d approva l i s require d befor e activitie s ar e 
undertaken. Agricultura l developmen t i s no t regulate d an d activitie s ca n b e 
undertaken withou t approval . I n fact , statutor y regulation s deliberatel y exclud e 
agricultural land s fro m Tow n an d Countr y Plannin g contro l an d see k t o 
encourage agricultura l expansion . 

In th e Caribbean , a  lac k o f a n integrate d syste m o f planning , lac k o f 
legislation t o contro l development , an d lac k o f capacit y t o monito r developmen t 
and enforc e complianc e ar e importan t deficiencie s i n lan d us e planning . I n St . 
Lucia, proposal s fo r developmen t ar e require d t o b e sen t t o th e Centra l 
Planning Uni t (CPU) , wher e the y ar e deal t wit h b y th e Physica l Plannin g 
Section. Howeve r th e grea t majorit y o f developmen t plan s ar e neve r sen t o r 
decisions ar e largel y decide d i n th e politica l arena . Physica l planner s mak e 
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recommendations t o th e Developmen t Contro l Authorit y (DCA) , bu t thes e ar e 
made o n a n ad  hoc  basi s an d ther e i s limite d contributio n b y Publi c Health , 
Fire Department , Ministr y o f Agricultur e (MOA ) i n th e cas e o f agricultura l 
development, an d Wate r an d Sewerag e Authorit y (WASA) . Becaus e o f th e 
absence o f a  lan d us e pla n an d n o effectiv e lan d zoning , agricultura l lan d ca n 
be subdivide d fo r housin g withou t referenc e t o MOA . Housin g expansio n 
increases wate r runoff , an d i n the absenc e o f prope r provisio n fo r drainag e ca n 
increase floodin g an d soi l erosion . Ther e i s nee d fo r a  full y integrate d grou p 
within th e CP U t o pla n futur e lan d us e takin g int o consideration , economic , 
sociological an d environmental/ecologica l considerations . 

In Barbados , Tow n an d Countr y Plannin g Departmen t approve s 
proposals base d o n certai n guidelines . The y woul d see k advic e wher e 
necessary fro m othe r department s wit h interes t i n lan d us e o r th e environmen t 
e.g. Agriculture , Wate r Authority , Health , Works . Th e advic e i s base d o n ad 
hoc view s o f appropriat e lan d use . There exist s a  pragmati c approac h t o zonin g 
without a  comprehensiv e plan . 

In Dominica , lik e s o man y o f th e island s ther e i s a  lac k o f a  coheren t 
national lan d us e polic y an d pla n bu t plannin g permissio n i s require d (subjec t 
to exemption s mad e b y th e Minister ) fo r an y lan d development , excludin g th e 
use fo r agricultura l purposes . Thi s ha s le d t o unsuitabl e area s bein g farme d 
while mor e suitabl e land s ar e unde r utilized . Zonin g restrictio n fo r variou s form s 
of agricultura l lan d developmen t nee d t o b e considere d b y Government . I n St . 
Kitts a  multiplicit y o f statute s relat e t o lan d us e an d th e Tow n an d Countr y 
Planning Ac t seem s no t t o b e implemented . 

In St . Vincen t an d th e Grenadine s ther e i s Physica l Plannin g an d 
Development Boar d whic h include s a s ex  officio  members , th e Chie f Technica l 
Officers concerne d wit h th e mos t importan t resourc e sectors . Th e Boar d ha s al l 
the usua l power s e.g . planning , lan d acquisition , developmen t permission ; ma y 
issue tre e preservatio n orders , prohibi t destructio n o f trees , forest s an d 
woodlands. A  nove l provisio n i s th e powe r t o requir e environmenta l impac t 
assessment. Th e Boar d wa s establishe d b y Ac t o f Parliamen t i n 197 6 (Th e 
Town an d Countr y Plannin g Ac t 1976 ) bu t thi s Act wa s repealed b y The Tow n 
and Countr y Plannin g Ac t o f 1992 . 
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Land Us e plannin g suffer s fro m tw o types of problems : 

(i) Firstly , ther e i s a n institutiona l nee d t o replac e th e existin g 
government agencie s whic h hav e limite d o r overlappin g 
jurisdiction wit h a n appropriatel y constitute d lan d us e body . 

(ii) Secondly , ther e ha s bee n a  failur e t o integrat e physical , 
sociological an d economi c factor s i n th e plannin g process . 

These shortcoming s nee d t o b e addresse d an d sufficien t resource s provide d fo r 
the executio n o f th e mandate s fro m th e politica l directorate . 

Policy an d managemen t plannin g mus t als o addres s a  rang e o f 
constraints whic h affec t th e practic e o f soi l conservation . Thes e include : 

Attitudinal constraints : farmers ' reluctanc e t o change , t o adop t 
agroforestry whic h involve s the use o f trees o n smal l farms . 

Structural constraints : prevailin g system s o f lan d tenure , endemi c 
political patronage , an d institutionalise d avoidanc e o f enforcemen t o f laws . 

Squatting o n Crow n Lands : compromise d b y a  politica l culture which 
ignores violation . Squattin g i s a  seriou s proble m i n th e Caribbea n a s indicate d 
in Section 4.2 . A  polic y an d managemen t pla n t o addres s presen t an d futur e 
squatting ar e required . 

Low priority to the forestry sector : inferre d fro m the modest budgetary 
allocations fo r forestr y managemen t an d development . Ther e i s nee d t o 
emphasise th e importan t intangibl e value s o f fores t cultivatio n an d th e rol e o f 
forest managemen t i n soi l conservation . 

Uncontrolled grazing : resultin g i n seriou s denudatio n o f vegetatio n i n 
the dr y seaso n an d erosio n i n th e we t season . 
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Lack o f traine d huma n resources : hamperin g managemen t an d la w 

enforcement. 

5.2 Institutiona l and Legislative Arrangements 

5.2.1 Majo r Institutions 

Appropriate institutiona l arrangement s an d legislativ e instrument s ar e 
required fo r th e successfu l adoptio n an d implementatio n o f soi l conservation . 
Planning, management , provisio n o f infrastructure , an d technica l suppor t t o 
farmers ar e al l necessar y function s whic h requir e appropriate , properl y 
structured an d functionin g institutions . Ther e mus t als o b e lega l instrument s t o 
give authorit y t o th e institution s t o carr y ou t thei r function s an d t o enforc e 
compliance. Soi l erosio n an d conservatio n ar e importan t factor s i n watershe d 
management an d protectio n an d i n th e Caribbea n ther e ar e man y institutiona l 
structures an d arrangement s alread y pertainin g t o watershe d managemen t an d 
protection. Thi s ca n b e a  proble m i f th e institutiona l role s an d jurisdictio n t o 
avoid overla p an d conflict s ar e no t clearl y defined . 

In th e Caribbean , th e Ministr y o f Agricultur e (MOA ) o r Departmen t o f 
Agriculture i s th e majo r institutio n responsibl e fo r soi l conservatio n i n bot h 
public an d privat e agricultura l lands . I n man y States , a  Departmen t o f Forestr y 
or a  Forestr y Uni t i s located i n th e MO A and take s responsibilit y fo r addressin g 
soil erosio n i n foreste d lands . Th e ultimat e responsibilitie s ar e wit h th e Chie f 
Agricultural Office r (CAO ) o r Chie f Forestr y Office r (CFO ) wh o assig n specifi c 
responsibilities t o th e appropriat e unit s o r officers . Th e unit s ar e name d an d 
structured differentl y i n th e MO A i n th e variou s territorie s e.g . Fiel d 
Engineering Divisio n (Trinida d an d Tobago) , o r the Lan d an d Wate r Us e Uni t of 
the Agricultura l Engineerin g Service s Divisio n o f th e MO A (St . Lucia) , o r th e 
Land Us e Uni t (Grenada) . I n som e o f th e territories , a  uni t i n th e MO A 
dedicated t o soi l conservatio n doe s no t exis t bu t a n agricultura l enginee r o r 
agronomist i s assigne d th e responsibility . Al l agricultura l extensio n officer s ar e 
expected t o hav e som e knowledg e o f soi l conservatio n measure s t o b e abl e t o 
advise farmers . I n th e even t o f specia l internationall y funde d project s a  specifi c 
project tea m i s established . 
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Forestry Department s onl y occasionall y hav e activ e programme s i n soi l 
conservation althoug h conservatio n o f soi l i s specificall y state d a s on e o f th e 
reasons fo r declarin g fores t reserves . However , th e preservatio n o f forests , 
reafforestation an d actio n agains t deforestatio n hav e alway s bee n importan t 
features o f thei r wor k programme , whic h hav e contribute d t o th e reductio n o f 
soil erosion . 

Because soi l erosio n ca n affec t wate r intak e zones , surfac e wate r 
reservoirs an d th e qualit y o f wate r supply , th e institution s whic h regulat e wate r 
resources developmen t ar e concerne d wit h soi l conservation . I n al l th e 
Caribbean island s ther e ar e functionin g Wate r an d Sewerag e Authoritie s 
(WASA). The y hav e broa d power s fo r wate r conservatio n an d protectio n o f 
water gatherin g grounds . Generally , WAS A hav e ful l powe r an d authorit y ove r 
all publi c waters , t o conserve , augment , allocate , distribut e o r redistribute , an d 
monitor wate r resources . Catchmen t area s ar e require d t o b e retaine d a s fores t 
reserves an d impose s o n th e CF O th e responsibilit y fo r thei r protection , 
conservation an d maintenance . I n St . Lucia , WAS A powe r i s limite d t o 
requesting th e CF O t o protec t an y wate r gatherin g ground s threatene d b y 
deforestation an d sinc e th e CF O power s ar e restricte d t o th e smal l are a o f 
Crown Land s th e effec t i s insignificant . 

The MO A throug h it s CA O o r CF O i s generall y represente d o n th e 
Board o f WAS A an d thi s representation shoul d b e use d mor e positivel y to : 

(i) foste r interrelationship s wit h othe r sector s e.g . Works , Drainage , 
Health whic h ar e als o represente d o n th e Board ; 

(ii) promot e programme s fo r soi l conservatio n awareness , adoptio n 
and enforcement . 

WASA shoul d us e thei r authorit y an d powe r an d th e importanc e o f wate r t o th e 
nation t o enforc e prope r soi l managemen t an d th e protectio n o f th e soi l agains t 
erosion. 

The institutiona l arrangement s canno t alway s b e separate d fro m th e 
legislation an d thes e ar e considere d i n som e detai l a t Appendi x A . Th e 
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institutional arrangement s fo r soi l conservatio n i n Barbado s i s o f particula r 
interest an d i s discussed . 

Legislation and Related Institutional Arrangements 

The separat e administratio n o f th e Caribbea n i n colonia l time s an d pos t 
independence ha s le d t o th e developmen t o f non-unifie d legislation . Thi s ha s 
usually bee n develope d i n th e contex t o f th e particula r economic , socia l an d 
political environment . A  substantia l amoun t o f legislatio n tha t relate s t o 
activities i n th e watershe d whic h affec t soi l erosio n an d conservatio n ha s bee n 
enacted decade s ag o an d ha s no t bee n amende d o r repeale d t o reflec t th e 
changes whic h hav e occurred . Ther e ar e als o institutiona l deficiencies . 
Consequently, som e o f th e legislatio n i s outdated , ignore d an d generall y 
unenforceable du e t o inadequat e technica l personne l fo r monitorin g an d 
enforcing compliance , an d sometime s lac k o f politica l will . Sometimes , th e 
institutional role s an d jurisdictiona l competencie s ar e no t clearl y define d i n 
several resourc e managemen t area s e.g . developmen t contro l an d plannin g 
approval; allocatio n an d us e o f publi c lands ; conservatio n an d protectio n o f 
watersheds an d wate r supply ; pollutio n contro l an d th e maintenanc e o f wate r 
quality. 

In additio n t o legislatio n whic h directl y pertain s t o agriculture , ther e ar e 
numerous Act s pertainin g t o tow n an d countr y planning , forestry , wate r an d 
sewerage (th e aspect s dealin g wit h managemen t o f wate r runoff , storag e an d 
quality) an d Crow n Land s protection , ar e relevan t t o soi l conservation . Al l 
territories hav e a  Tow n an d Countr y Plannin g Act , a  Wate r an d Sewerag e Ac t 
and man y hav e a  Crow n Land s Ordinance . 
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The Tow n an d Countr y Plannin g Ac t i s intende d t o ensur e th e orderl y 
development o f th e town s i n particular , an d generall y exclude s jurisdiction ove r 
agricultural lands . Th e Ac t doe s no t specificall y addres s lan d us e planning . Th e 
Water an d Sewerag e Ac t aim s a t protectin g wate r resource s throug h forestr y 
protection an d th e preventio n o f inappropriat e lan d us e i n wate r intak e zones . 
This legislatio n shoul d b e extende d t o enforc e th e prope r us e o f lan d i n th e 
watershed. Th e Crow n Land s Ordinanc e protect s thes e land s agains t misus e 
and ofte n include s th e right s o f lan d acquisitio n fo r th e Crow n o r o f declarin g 
forest reserves . 

Although ther e ar e man y Act s which , i f enforced , ca n contribut e t o soi l 
conservation, ther e ar e relativel y fe w whic h focu s specificall y o n soi l 
conservation. Thre e o f the mor e significan t one s are: 

Soil Conservatio n (Scotlan d District ) Ac t (Barbados) ; 

Barbados Agricultura l Developmen t Corporatio n Ac t (Barbados) ; 

Forest, Soi l an d Wate r Conservatio n Ac t (Grenada) . 

These an d th e othe r pertinen t legislatio n ar e presente d i n Appendi x A . 
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Key Articles of Legislation 
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APPENDIX 

The ke y article s o f legislatio n whic h hav e relevanc e t o soi l conservatio n 
are presente d belo w fo r severa l Caribbea n countries . 

ANTIGUA AND BARBUDA 

Forestry Ac t (1941 ) focuse s o n th e preventio n o f deforestatio n an d 
encouragement o f reforestation . I t require s tha t a  permi t b e obtaine d fro m th e 
CFO t o clea r lan d fo r cultivation , pasturag e o r othe r purpose , o r t o cut , lo p o r 
fell an y timbe r o r bur n an y woo d o r charcoa l withi n th e fores t reserve . I t 
empowers th e Governo r Genera l t o declar e an y estat e o r par t thereo f t o b e 
under th e operatio n o f a  reforestatio n scheme , o r t o mak e regulation s fo r th e 
management an d contro l o f activitie s i n th e fores t reserves . Provisio n i s als o 
made fo r compensatio n t o estat e owner s carrying ou t afforestatio n schemes . 

Land Development an d Control Act (1977) provide s for the orderly and 
progressive developmen t o f lan d i n urba n an d rura l area s an d th e preservatio n 
and improvemen t o f th e amenitie s o f suc h areas . I t require s permissio n t o 
develop an y lan d bu t expressl y remove s the developmen t o f lan d fo r agricultura l 
purposes. 

Antigua Agricultural Development Corporation Act (1978) establishe s 
the corporatio n whos e function s ar e t o stimulate , facilitat e an d undertak e th e 
development o f agricultur e i n th e State ; t o develo p an d manage , o n a 
commercial basis , suc h plantation s an d othe r agricultura l lan d a s ma y fro m tim e 
to tim e b e veste d i n it ; an d t o administe r suc h agricultura l developmen t 
schemes. I t define s agricultur e t o includ e forestry , bu t i t doe s no t specif y th e 
requirement fo r goo d husbandr y an d soi l management . 

Agricultural Smal l Holding s Ac t require s tenants o f smal l holdings to 
practise goo d husbandry . 

The Crow n Land s (Regulation ) Ac t (1917 ) entitle s th e competen t 

authority t o establis h condition s fo r th e leas e o f Stat e lands . Thi s ca n 
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therefore b e structure d t o accommodat e th e objective s o f goo d lan d 
management an d managemen t policy . 

Draft Forestr y an d Wildlife Ac t i f enacted into law it will supersede the 
existing Forestr y Ac t (1941) . I t provides , inter  alia,  fo r th e conservation , 
management an d developmen t o f forests ; protectio n o f wate r reserve s an d 
promotion o f prope r soi l and fores t conservatio n practices . 

BARBADOS 

In Barbado s mos t o f th e soi l conservatio n effor t ha s bee n concentrate d 
in th e Scotlan d District . Th e Soi l Conservatio n Uni t (SCU ) establishe d i n 195 7 
to contro l an d revers e soi l erosio n problem s i n th e Scotlan d Distric t i s perhap s 
the bes t institutiona l arrangemen t fo r soi l conservatio n i n th e Caribbean . Th e 
programme i s directe d an d monitore d b y th e Scotlan d Distric t Soi l 
Conservation Boar d comprisin g th e Deput y CA O (Chairman) , Senio r 
Agricultural Officer , Chie f Technica l Director , Genera l Manage r o f th e Wate r 
Authority, Chie f Tow n Planne r an d fou r other s nominate d b y th e MO A t o 
include representative s o f th e agricultura l community . Function s includ e 
advising th e CA O o n lan d utilizatio n t o preven t soi l erosion . Th e CA O afte r 
consultation wit h th e Boar d ma y prepar e conservatio n proposals . Th e lega l 
authority fo r carryin g ou t th e wor k o f th e Uni t wa s provide d b y th e Soi l 
Conservation (Scotlan d District ) Ac t (1958 ) whic h gave wide powers to the 
CAO i n consultatio n wit h th e Soi l Conservatio n Board . Th e 199 1 Soi l 
Conservation (Scotlan d District ) Amendmen t Ac t no w empower s Governmen t 
through th e Boar d t o ente r privat e land s fo r soi l conservation , ca n charg e th e 
owners fo r wor k don e an d ca n restric t o r dictat e th e us e o f th e land . Th e SC U 
is manage d b y a  soi l conservatio n specialis t an d a  deput y an d the y ar e 
supported b y supervisory an d fiel d staff . 

This institutiona l structur e fo r soi l conservatio n shoul d b e considere d a s 
a mode l fo r th e Caribbean . I t ha s th e potentia l fo r integratin g th e input s o f 
relevant technica l sector s an d th e farmin g communit y t o achiev e th e 
multidisciplinary approac h t o soi l conservation . A  successfu l institutiona l 
arrangement require s tha t th e executin g o r responsibl e agenc y b e full y awar e 
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and tha t ther e i s interactio n betwee n th e relevan t Governmen t organizations , 
research an d academi c institution s an d privat e interests . Th e Government s rol e 
would b e management , publi c education , regulatio n an d enforcement ; researc h 
and academi c centre s woul d b e concerne d wit h dat a gathering , informatio n 
processing an d dissemination ; an d th e publi c woul d voic e demand s an d assis t 
in implementatio n an d awareness . Thes e othe r aspect s ca n b e include d i n th e 
Barbados mode l fo r greate r effectiveness . 

The Barbado s Agricultura l Developmen t Corporatio n wa s establishe d t o 
facilitate an d stimulat e agricultura l developmen t an d t o develo p an d manag e 
government plantations . I t provides fo r soi l conservation  withi n th e cora l regio n 
(non-Scotland District ) o f Barbado s b y th e establishmen t o f grassland s an d soi l 
and wate r conservatio n works . 

Specific focu s o n th e environmen t i s bein g initiate d i n som e o f th e 
territories. I n Barbados , a n Environmenta l Uni t i s locate d i n th e Ministr y o f 
Labour, Consume r Affai r an d th e Environment . Proposal s hav e bee n mad e t o 
create a  Departmen t o f th e Environmen t withi n the Ministry . I t would rationalis e 
the curren t divers e institutiona l framewor k fo r environmenta l managemen t an d 
formulate a n Environmenta l Act . 

The othe r legislativ e instrument s whic h pertai n t o agricultur e an d ca n b e 
used t o suppor t th e soi l conservation  effor t are : 

• Cultivatio n o f Tree s Act : promote s an d provide s incentive s fo r 
cultivation o f approve d trees ; 

Tree Preservation Act: prohibits the cutting down of any 
tree o f a  define d siz e without approval ; 

Security of Tenure Small Holding Act: provides for terms of tenure 
and reasonabl e securit y fo r th e tenant s o f lan d 1 0 acre s o r less ; 

Cane Fire s (Prevention ) Act : prohibit s lightin g o f fire s i n 
conservation area s an d th e destructio n o r interferenc e wit h trees , 
shrubs an d plant s i n thes e areas ; 
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Land Acquisitio n Act : Crow n Land s (Vestin g an d Disposal ) Act -
make provisio n i n th e publi c interes t fo r compulsor y acquisition , 
vesting i n th e Crow n o r disposa l o f land ; 

Livestock (Contro l o f Strays ) Act ; Animal Act : cater s for th e 
trespass o f animal s o n lan d an d damag e t o land . 

DOMINICA 

Forest Ordinanc e 1959 , th e origina l fores t legislation , deal s wit h th e 
designation o f fores t reserve s an d th e contro l ove r fores t produce . I t authorise s 
the designatio n o f privat e lan d a s protecte d forest s fo r wate r an d soi l 
conservation an d othe r publi c purposes . Th e Fores t Rule s (1972 ) mad e unde r 
the Ordinanc e specif y th e action s tha t ar e prohibite d i n a  fores t reserv e an d 
give detail s fo r issuin g licence s an d permit s t o harves t fores t produc e (includin g 
timber an d charcoal ) an d fo r clearin g an d cultivatio n i n a  fores t reserve . Th e 
Rules prohibi t an y exploitatio n o f fores t products , squatting , settin g o f fires , 
livestock grazing , lan d clearin g an d huntin g i n al l Fores t Reserves , unles s a 
licence ha s bee n issue d b y th e CFO . 

Land Acquisitio n Ordinanc e give s the Presiden t th e powe r t o acquir e 
any privat e lan d fo r a  publi c purpos e b y makin g a  declaratio n t o tha t effect . A 
Board o f Assessmen t wil l determin e compensatio n i f th e sal e pric e canno t b e 
agreed. 

Crown Lands Ordinance (1960 ) give s power to prevent trespassing and 
contains provisio n fo r th e grant , sale , exchange , an d leas e o f Crow n Lands . 

Water and Sewerage Act (1989) make s provision for a national policy for 
water an d th e grantin g o f exclusiv e licenc e t o th e Dominic a Wate r an d 
Sewerage Compan y (DOWASCO ) fo r th e developmen t an d contro l o f wate r 
supply an d sewerag e facilities . Al l existin g gatherin g ground s shal l eithe r b e 
retained a s fores t reserve s o r protecte d forest s o r b e declare d controlle d areas . 
To protec t gatherin g ground s fro m deforestatio n o r animal s DOWASC O ma y 



51 

request th e Ministr y o f Financ e o r Ministr y o f Healt h t o tak e action , o r restrain , 
impound o r shoo t suc h animals . 

Town an d Countr y Plannin g Ac t o f 197 5 i s the substantive plannin g 
and developmen t legislation . Subjec t t o exemption s mad e b y th e Minister , 
planning permissio n i s required fo r an y lan d development , excludin g th e us e fo r 
agricultural purposes . Zonin g o f lan d fo r variou s form s o f agricultura l 
development i s needed. Currently , unsuitabl e area s are bein g farme d whil e mor e 
suitable land s ar e underutilized . 

The Developmen t an d Plannin g Corporatio n Ac t o f 197 2 create s a 
corporation t o b e responsibl e fo r physica l planning . It , however , doe s no t mee t 
and ha s delegate d it s function s t o a  smal l technica l committe e unde r th e 
Planning Divisio n o f th e Economi c Developmen t Unit , Ministr y o f Planning . 

Dominica Land Management Authority Act of 1973 : the primary purpose 
is to establis h a  Lan d Managemen t Authorit y t o promot e agricultur e an d relate d 
activities. The Ac t is,  however , no t i n use . 

Agricultural Smal l Tenancie s Ordinanc e o f 195 3 cover s tenancies of 
cultivated an d pastur e lan d unde r 1 0 acre s bu t mor e tha n 0. 5 acres . I t list s th e 
several natura l resourc e relate d condition s t o whic h th e tenan t mus t agre e e.g . 
good husbandr y t o includ e soi l conservation , an d fertilit y maintenance . Th e 
Ordinance i s not apparentl y i n use . 

GRENADA 

The Forest, Soil and Water Conservation Ordinance 194 9 amende d by 
The Forest, Soil and Water Conservation (Amendment) Act (1984) provide s for 
watershed protection , permanen t reservatio n o f lands , designatio n o f prohibite d 
areas an d procedure s agains t squattin g an d illega l grazing . I t provide s fo r th e 
declaration o f land s othe r tha n Stat e land s t o b e protecte d forest . Th e Ac t als o 
provides fo r th e appointmen t o f a  Chie f Forestr y Office r responsibl e fo r th e 
management o f al l lands belongin g t o th e State . 
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The fores t polic y whic h wa s followe d unti l 1984 , addresse d issue s 
relating t o fores t reservation , fores t management , utilization , research , 
education, privat e forestry , fores t industrie s an d recreation . Fores t reservatio n 
proposes permanen t preservatio n o f a  tre e cro p cove r o n suc h area s o f lan d a s 
are require d fo r th e preventio n o f soi l erosio n an d flooding , an d th e 
preservation o f wate r supplies . I t als o propose s land s tha t ar e unsuitabl e fo r 
agriculture t o b e exploite d fo r th e economi c productio n o f timbe r crops . 

The Lan d Developmen t (Control ) Ac t 196 8 amende d b y The Lan d 
Development Contro l (Amendment) Law of 198 3 relate s to the carrying out of 
building, engineerin g an d minin g o r othe r operation s o n an y land . I t i s broa d 
enough t o encompas s silvicultur e bu t no t agriculture . A  draf t agricultura l lan d 
development polic y whic h make s recommendatio n o n a  rang e o f issue s 
addressing th e protection , us e an d developmen t o f agricultura l lan d an d lan d 
zoning, i s unde r consideratio n b y th e Government . Approva l o f th e polic y i s a 
necessary precurso r t o th e formulation , approva l an d implementatio n o f 
legislation fo r th e developmen t o f agricultura l lands . 

The Nationa l Wate r an d Sewerag e Authorit y (NWASA ) Ac t 199 0 
established NWAS A wit h ful l powe r an d authorit y ove r al l waters . Sectio n 3 8 

requires catchmen t area s t o b e retaine d a s fores t reserve s an d impose s o n th e 

CFO th e responsibilit y fo r thei r protection , conservation  an d maintenance . 

The othe r relevan t legislativ e instrument s are : 

Agricultural Fire s Act: requires a licence to set fires; 

Agricultural Smal l Tenancies Ordinance: defines the rules of good 
husbandry an d observ e th e rules ; 

The Crown Lands Ordinance: establishe s the 
conditions fo r th e alienatio n o f Stat e lands . 
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JAMAICA 

The Watershed s Protectio n Act 196 3 wa s enacted in 196 3 to provide 
for th e protectio n o f watershed s an d adjoinin g areas . I t establishe d a 
Watershed Protectio n Commissio n wit h powe r t o acquire , hol d an d dispos e o f 
property an d t o d o al l thing s necessar y fo r th e purpos e o f th e Act . I t 
empowered th e Commissio n t o undertak e watershe d work . Betwee n 196 3 an d 
1974, area s t o b e treate d an d work s t o b e undertake n ha d t o b e declare d fo r 
approval b y the Commission . 

In 1974 , th e Natura l Resource s Conservatio n Divisio n (NRCD ) o f th e 
Ministry o f Agricultur e an d Forestr y wa s establishe d an d i n Jun e 199 1 "Th e 
Natural Resources Conservation Authority (NRCA) Act" wa s enacted to amend 
the 196 3 Act . I n 198 3 al l 3 3 watershed s i n Jamaic a wer e mad e 'declare d 
watersheds' s o tha t wor k coul d procee d i n al l of them , an d i n 1985 , NRC D was 
required t o undertak e purel y investigatio n an d monitoring . Th e investigatio n 
was t o b e carrie d ou t i n conjunctio n wit h th e Forestr y Departmen t whic h woul d 
undertake implementation . 

The ne w Ac t o f 199 1 i s wide r an d provide s fo r Environmenta l Impac t 
Assessment (EIA) . Ther e i s als o provisio n fo r increase d penaltie s an d stricte r 
monitoring t o contro l suc h activitie s a s charcoa l burning , minin g o f san d an d 
marl, an d logging . However , lac k of staf f fo r enforcement , deficienc y i n training , 
public awareness , an d educatio n ar e majo r shortcomings . 

The Rura l an d Physica l Plannin g Divisio n (RPPD ) o f th e Ministr y o f 
Agriculture i s th e custodia n o f agricultura l land s an d a n importan t agenc y fo r 
ensuring appropriat e lan d use . I t undertake s lan d refor m usin g th e physica l 
capability o f th e lan d a s th e mai n criteria . I t update s th e dat a bas e o f lan d 
resource an d provide s dat a t o man y source s concerne d wit h lan d use . 

The Soi l Conservatio n Departmen t (SCD ) was establishe d i n th e Ministr y 
of Agricultur e i n 197 3 unde r th e 7  yea r FA O projec t entitle d "Forestr y 
Development and Watershed Management in the Upland Regions" which began 
in 196 8 (FAO , 1990) . I n 1980 , th e SC D was amalgamated wit h Forestr y a s the 
Forestry an d Soi l Conservatio n Department . 
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Land Authoritie s (LA ) ar e als o importan t institutiona l arrangement s fo r 
carrying ou t soi l conservation . The y hav e conducte d soi l conservation o n publi c 
and privat e land s i n collaboration wit h SC D (FAO , 1983) . 

ST. KITIS 

The National Conservation and Environmental Protection Act (NCEPA) 
1 9 8 7 i s the centr e piec e o f federa l legislativ e regulatio n o f forestr y matter s an d 
provides fo r th e establishmen t o f protecte d area s e.g . nationa l parks , natur e 
reserves, marin e reserves , botani c gardens , histori c an d sceni c sites . I t deal s 
particularly wit h Forestry , Soi l an d Wate r Conservatio n i n si x section s and , i n 
this regard , it : 

prohibits cuttin g an d fellin g o f timbe r withou t th e consen t o f th e Directo r 

of Agriculture ; 

confers powe r o n th e Ministe r i n consultatio n wit h th e Nationa l 
Conservation Commissio n (NCC ) to mak e regulation s fo r 

establishment o f fores t reserve s an d th e prohibitio n o f th e grazin g 
of livestoc k i n suc h reserves ; 

national exploitatio n o f fores t resources ; 

conservation o f threatened specie s o f flora ; 

promotion o f reforestation ; 

regulation o f charcoa l burning ; 

procedures an d exemption s i n regar d t o fellin g o r cuttin g o f 
timber. 

NCEPA mandate s th e Ministe r o f Developmen t i n consultatio n wit h th e NC C 
to "provide  regulations  for  soil  conservation  including  the  identification  and 
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protection of  critical  watershed  areas  and  natural  drainage  systems  and  the 
encouragement of  scientific  farming  techniques  by  means  of  physical  and 
biological soil conservation  designed  to  prevent soil  erosion11. 

All ghaut s (natura l drainag e channels ) declare d a  protecte d are a ar e "t o 
be managed  in  the public interest  as  stable and  production natural  drainage 11, 
with ancillar y powe r o f th e Minister , i n consultatio n wit h th e NCC , t o mak e 
regulations requirin g "special  land  use  rehabilitation,  management  and 
conservation measures". 

NCEPA directl y prohibit s withou t requirin g th e makin g o f regulations , 
unauthorized cultivation , cutting , burnin g o r clearin g o f lan d o r vegetation , 
grazing o f livestock , constructio n o f structures , remova l o f san d i n an y are a o f 
special concern . 

With regar d t o wate r resources , NCEP A require s th e Ministe r i n 
consultation wit h th e NC C an d th e Wate r Board s t o mak e regulation s t o 
conserve an d develo p th e nation' s wate r resource s o r reduc e soi l erosio n an d 
thereby mee t th e presen t an d futur e wate r need s fo r domestic , agricultural , 
commercial, industria l an d othe r beneficia l uses . I t provide s fo r th e donatio n o r 
exchange o f lan d o f a n owne r fo r designatio n a s a  protecte d area , an d fo r th e 
prohibition o f unauthorize d wilfu l damag e t o an y tree , shru b o r gras s plante d o r 
laid out . Finally , NCEP A prohibit s th e unauthorize d deposi t o f waste , rubbis h 
or litte r i n a  protecte d are a o r fores t reserve . 

The extensiv e regulation-makin g power s o f NCEP A ar e ye t t o b e 
exercised excep t i n relatio n t o th e Brimston e Hil l Fortres s Nationa l Par k 
Regulations 1991 . Regulation s t o suppl y th e detaile d prescription s o f th e Ac t 
have no t bee n enacted . Thi s Ac t ha s th e promis e o f becomin g a  mode l fo r th e 
other Caribbea n States . 

A majo r omissio n o f th e NCEP A i s th e failur e t o gran t permissio n t o 
enter estat e owner' s lan d t o execut e require d work s withou t th e owner' s 
consent. Ther e i s also n o ta x waive r o n lan d bein g reforested . Thes e provision s 
were include d i n th e Forestr y Ordinanc e o f 190 4 whic h wa s repeale d b y th e 
NCEPA. 
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The multiplicit y o f othe r legislativ e instrument s i n St.  Kitt s relat e t o lan d 
tenure, lan d use , an d agricultura l development . Thes e instrument s ca n b e 
summarised a s follows : 

Land Tenure 

• Th e Limitatio n Ac t -  provide s fo r a  tim e limi t fo r acquirin g possessor y 
title t o land ; 

• Th e Prescriptio n Ac t -  provide s fo r a  tim e perio d fo r th e acquisitio n o f 
easements o f wate r o r watercourse o r us e o f water ; 

• Th e Lan d Acquisitio n Ac t -  provide s fo r compulsor y acquisitio n o f lan d 
by the Crown ; 

• Th e Titl e by Registration Act . 

Land Use 

Some of the relevant legislation include NCEPA, The Town an d Countr y 
Planning Act , The Agricultural Developmen t Act , The Lan d Developmen t 
(Control) Act, The Building Act, The Planting of Sugar Canes Prohibition Act, 
The Frigate Bay Development Corporation Act, The SouthEast Peninsula Land 
Development and Conservation Act. 

Agricultural Development 

The dominanc e an d histor y o f agricultur e i n th e econom y o f St.  Kitt s i s 
evidenced b y muc h statutor y regulatio n o f agriculture . Ther e ar e a t leas t 1 2 
Acts whic h dea l wit h agricultura l activit y bu t non e o f th e Act s addresse s soi l 
conservation specifically . Ther e i s nee d t o revis e th e multiplicit y o f statute s i n 
order t o eliminat e duplicatio n an d overla p o f jurisdictio n an d t o clarif y th e 
hierarchy o f decision-makin g authorit y wher e duplicatio n i s unavoidable . 
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ST. LUCIA 

The majo r relevan t legislatio n relatin g t o agricultura l lan d managemen t i s 

as follows : 

The Land Conservation and Improvement Act which empowers its Board 
to inter alia (1 ) advise the o n matter s relating to the genera l supervisio n o f lan d 
and wate r resources ; (2 ) advis e th e Developmen t Contro l Authorit y an d an y 
other agenc y involve d i n lan d us e o n matter s concernin g lan d conservatio n an d 
improvement an d (3 ) offer , i n conjunctio n wit h governmen t agencies , technica l 
advise i n field an d lan d management t o lan d owners and/or occupiers . 

The Agricultural Smal l Tenancy Act which is restricted to land not more 
than fiv e acre s i n on e o r mor e parcels . Thi s area o f lan d coul d b e controlle d fo r 
proper soi l an d wate r conservatio n practices . Th e tenan t i s require d t o follo w 
good husbandr y practice s define d generall y t o mea n th e applicatio n o f 
measures fo r soi l conservation , maintenanc e o f soi l fertility an d th e preservatio n 
of th e capita l valu e o f the holding . 

Forest, Soi l and Water Conservation Ordinance: under this amendment 
act, ther e ar e possibl e incentive s t o encourag e th e allocatio n o f privat e land s 
for protecte d forest . Complianc e wit h th e rule s b y owner s o f th e protecte d 
forest entitle s th e owne r t o remissio n o f an y lan d ta x tha t ma y exis t an d 
monetary compensatio n o r compensatio n b y exchange o f land . 

The Crow n Lan d Ac t which authorise s th e Governmen t t o mak e rule s 
and regulation s concernin g th e sale , occupatio n an d allocatio n o f governmen t 
lands. Th e Forestr y Departmen t ha s draw n u p a  polic y fo r Crow n lands , whic h 
was revise d b y th e managemen t o f th e CID A Forestry Projec t an d submitte d t o 
Cabinet. 

The Town and Country Planning Act which is a broad policy instrument 
in term s o f lan d developmen t an d doe s no t specif y th e developmen t o f far m 
lands. 
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The Wate r and Sewerage Authorit y Act which is concerned with water 
conservation an d protectio n o f wate r gatherin g grounds . Unde r thi s ne w Ac t 
the Authorit y ma y reques t th e Chie f Forestr y Office r t o tak e actio n t o protec t 
any wate r gatherin g ground s tha t ma y appea r seriousl y threatene d b y 
deforestation. 

While the abov e polic y instrument s ma y have serve d a s a  usefu l mean s of 
achieving thei r state d objectives , the y ar e onl y broa d polic y measure s an d ar e 
not specifi c t o th e utilizatio n an d managemen t o f agricultura l lands . I t i s 
therefore eviden t tha t a  polic y o n agricultura l an d managemen t i s o f utmos t 
importance. 

An Act entitled "Lan d Conservation an d Improvemen t Act , 1987 " to 
provide fo r lan d conservatio n an d th e establishmen t o f a  Lan d Conservatio n 
Board wa s place d befor e Parliamen t a s a  Bil l but ha s no t bee n passe d a s yet . I t 
is believe d tha t th e politica l implication s o f th e Ac t an d th e proposal s fo r 
formulating an d implementin g Protectio n Order s ma y b e obstacles . Th e 
proposed Ac t i s fairl y comprehensiv e an d woul d provid e fo r prope r lan d us e 
and th e protectio n agains t soi l erosio n an d othe r form s o f lan d degradation . 

ST. VINCENT  AND THE  GRENADINES 

Ring's Hil i Enclosure Act 179 1 an d Land Acquisition Act 194 7 bot h 
empower th e competen t authoritie s t o acquir e lan d fo r publi c purpos e subjec t 
to compensation . 

The Agricultur e Ac t 195 4 require s owners to practic e good  husbandry , 
which ha s bee n expresse d t o involv e th e terracin g o f stee p land , soi l 
conservation an d preservatio n o f vegetativ e cove r an d forest s o n slope s an d 
ridges. Th e Ac t authorize s th e CA O to tak e ove r th e supervisio n o f agricultura l 
land wheneve r th e owner/occupie r i s no t perceive d t o b e practisin g goo d 
husbandry. 

The Agricultura l Smal l Tenancie s Ac t 195 7 regulate s tenancies of 1 0 
acres an d les s an d require s tenant s t o practis e goo d husbandr y i n orde r t o 



59 

maintain th e capita l valu e o f th e lan d throug h employmen t o f protectiv e an d 
conservationist practices . Thi s Act an d th e previou s one , i f properl y employed , 
can becom e importan t polic y instrument s fo r goo d soi l management . 

Central Water and Sewerage Authority (CWSA) Act 197 8 vest s every 
body o f wate r i n th e Governmen t t o b e hel d i n trus t fo r it s citizens an d confer s 
control o n th e Authority . Th e Ac t identifie s variou s function s o f th e Authority , 
some wit h implication s fo r activitie s i n th e forestr y secto r an d fo r protectio n o f 
the wate r resources . I t empowers th e Authorit y t o purchas e b y privat e treat y o r 
to acquir e compulsoril y an y lan d o r interes t i n land , o r othe r propert y i n 
accordance wit h th e provision s o f th e Lan d Acquisitio n Act . Privat e forest s ca n 
be acquire d fo r watershe d managemen t o r wate r resource s conservation . 

Crown Land s Ac t an d Regulation s 198 3 pertai n t o th e declaration , 
reservation an d protectio n o f Crow n Lands . 

Forestry Resourc e Conservatio n Ac t 199 2 make s provisio n fo r th e 
establishment o f a  Forestr y Departmen t heade d b y a  Directo r wit h specifie d 
functions whic h relat e t o th e conservation , managemen t an d developmen t o f 
forestry. I t clearl y require s th e Directo r t o promot e agroforestr y i n agricultur e 
and prope r soi l an d wate r conservatio n practices , an d t o prepar e a t interval s 
not exceedin g te n year s a  nationa l fores t resource s conservatio n plan . Th e Ac t 
declares certai n area s fores t reserve s an d empower s th e competen t Ministe r t o 
declare othe r area s fores t reserve s fo r th e sustaine d productio n o f timbe r an d 
water, th e conservatio n o f soil s an d th e preservatio n o f flor a an d fauna . Th e 
Minister i s accorde d powe r t o regulat e o r prohibi t th e us e o f chemica l o r 
organic compound s use d fo r agriculture ; t o contro l soi l erosio n an d 
sedimentation; t o establis h standard s an d lan d classificatio n system s t o guid e 
land us e i n erosion-pron e areas ; t o manag e an d protec t wate r resources , 
watersheds, stream s an d rivers . 

The Tow n an d Countr y Plannin g Ac t 199 2 repeal s The Tow n an d 
Country Plannin g Ac t 1 9 7 6 an d i s designe d t o enabl e th e orderl y an d 
progressive developmen t o f land , th e prope r plannin g o f tow n an d countr y 
areas, an d th e contro l o f developmen t includin g chang e o f lan d use . Th e Ac t 
establishes th e Physica l Plannin g an d Developmen t Board . Th e Boar d ma y 
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prohibit th e destructio n o f trees , forest s an d woodland s an d ha s th e powe r t o 
require th e submissio n o f environmenta l impac t assessments . 

Implementation of Legislation 

It i s eviden t tha t al l territorie s hav e adequat e legislatio n an d institutiona l 
arrangements whic h provid e th e polic y framewor k fo r regulatin g soi l 
conservation an d othe r aspect s o f soi l management . Th e deficiencies , 
limitations an d constraint s t o th e implementatio n o f legislatio n are : 

(i) multiplicit y o f legislatio n wit h overlappin g jurisdictio n an d n o clea r 
hierarchy o f authority ; 

(ii) failur e t o develo p regulation s t o giv e effec t t o th e legislation ; 
(iii) inadequat e penaltie s fo r breache s o f th e legislatio n whic h d o no t dete r 

violation; 
(iv) lac k o f politica l wil l to implemen t becaus e o f politica l expediency ; 
(v) failur e t o provid e adequat e budgetar y allocation s t o suppor t 

implementation; 
(vi) inadequat e technicall y trained staf f t o monito r an d enforc e complianc e 

with th e legislation ; 
(vii) inadequat e an d insufficien t educationa l programme s an d publi c 

awareness activities ; 
(viii) lac k o f incentive s to farmer s t o encourag e compliance ; 
(ix) nee d fo r technica l assistanc e t o farmer s i n tree cro p cultivation , soi l 

conservation an d othe r soi l managemen t techniques , cro p productio n 
and marketing . 

Existing legislatio n ca n addres s a  rang e o f activitie s whic h influenc e soi l 
conservation e.g . illega l fires , fores t preservation , squatting , uncontrolle d 
grazing, poo r cro p husbandr y practices . Th e legislativ e framewor k exists . 
However, th e implementatio n o f th e legislation , managemen t planning , an d soi l 
conservation technolog y appropriat e fo r th e Caribbea n ar e require d fo r 
successful soi l conservation . Appropriat e soi l conservatio n technolog y an d th e 
methods o f implementatio n ar e presente d i n Volume II. 



VOLUME II 

Farming Systems Approach and Methodologies 
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INTRODUCTION 

The soi l erosion statu s in the Caribbean , an d the sociological , institutiona l 
and legislativ e factor s whic h influenc e soi l conservatio n wer e considere d i n 
Volume I. 

Volume II deals with the practical measures or methodologies for integratin g 
soil conservation into  farming system s in the agricultural context o f the Caribbean . 
It therefore consider s the requirements for successful adoptio n an d implementatio n 
of th e farmin g system s approach , an d th e physica l dat a whic h ar e require d fo r 
making decisions on the actions to be taken. I t is with regard to the late r that the 
information t o be collected in baseline surveys, and land capability and land use are 
considered. 

The methodologies emphasise the agronomic or biological approach. The y 
focus o n method s tha t ar e withi n th e capabilit y o f smal l farmers . Gullie s ar e 
common features o f farmlands in the Caribbean and these are therefore considere d 
even thoug h th e contro l o f th e larg e gullie s is often beyon d th e capabilit y o f th e 
small farmer. Mos t farmers clea r the land at one time or the other and therefore i t 
is importan t fo r the m t o b e awar e o f th e mos t appropriat e method s o f lan d 
clearing. 

Volume I I examine s existin g system s o f soi l conservatio n whic h ar e 
integrated int o farmin g system s bu t doe s no t examin e propose d models . Th e 
Hillside Agricultural Projec t i n Jamaica i s also discussed a s a practica l example of 
an attempt to integrate soil conservation into farming system s based on a tree crop 
system o f farming . Som e o f th e shortcoming s o f thi s effor t ar e als o considered . 
Finally i n the Appendice s i t present s Cas e Stud y Exercise s fo r th e studen t o f soi l 
conservation to work through using the principles considered in the book. 
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CHAPTER 6 

FARMING SYSTEMS APPROACH TO SOIL CONSERVATION 

6.1 Farmin g systems: Requirement s fo r successful adoptio n 
and implementatio n 

A farmin g syste m ca n b e define d a s a  reasonabl y stabl e arrangemen t o f 
farming enterprise s tha t ar e manage d accordin g t o wel l define d practice s i n 
response t o th e physical , biologica l an d socio-economi c environment s an d i n 
accordance with defined goals , preferences an d resources . Th e integration o f soil 
conservation int o th e farmin g system s therefor e mean s tha t soi l conservatio n 
methods mus t b e sustainabl e i n th e physical , biologica l an d socio-economi c 
environments. 

Clearly visibl e technique s lik e terrace s an d contou r drain s hav e becom e 
synonymous with soi l conservation bu t there are many agronomic practice s which 
are not generally associated with soil conservation bu t which reduce soil erosion o r 
can b e use d t o enhanc e soi l conservation . Th e farmer , howeve r ha s t o tak e a 
conscious, deliberat e an d organize d approac h t o ensur e tha t soi l conservation i s 
one o f the objective s o f the farming system . Wit h this approach, th e farmer ma y 
not be required to make radical changes to his practices or significantly increas e his 
inputs but may benefit fro m increased production . 

6.1.1 Farmin g systems researc h and extensio n 

Appropriate farming system s can be developed or improved and successfull y 
adopted by farmers through the Farming Systems Research and Extension (FSR /E) 
methodology. FSR/ E i s an applie d farme r oriented , agro-biologica l approac h t o 
research informe d b y socio-economic consideration s i n a team effor t tha t include s 
extension responsibilities . I t i s a n approac h t o generating , evaluatin g an d 
delivering technolog y whic h i s appropriat e t o th e socia l an d economi c 
environment. I f the technology i s not to be rejected, change s mus t no t be drastic 
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and the profitability o f the farm, which is a business, must not be decreased by the 
new technology. 

To minimize the chance of rejection, the farmer mus t participate from the planning 
through t o th e implementation , evaluatio n an d recommendatio n stages . Th e 
FSR/E approac h ca n b e use d t o selec t o r develo p th e mos t appropriat e soi l 
conservation technique s t o fi t int o the farmin g syste m wit h o r withou t modifyin g 
the farming system s and to get farmers to adopt the systems. Th e emphasis her e 
is on adoption and continuity. 

Four stages are required for th e FSR /E methodolog y and fo r the successfu l 
integration o f soil conservation into farming systems . Thes e are: 

Diagnostic 
Planning and Design 
Implementation 
Evaluation and Recommendation 

Diagnostic Stage 

Existing farmin g systems , soi l conservation practice s an d th e biological , physica l 
and socio-economic environment are characterized and analysed. Th e informatio n 
is obtained in two steps. Th e first is the review of existing literature of all pertinent 
information. Th e secon d i s to carr y ou t survey s whic h ca n b e throug h formal , 
informal, quantitativ e o r qualitativ e dat a collectio n procedures . Formalize d an d 
quantitative survey s fo r dat a collectio n ca n tak e tim e an d b e costly . However , 
recent trend s ar e toward s informa l method s wit h complementar y an d focuse d 
formal survey s t o verif y informa l result s o r t o explor e som e particula r aspec t i n 
greater detail . A  popular metho d o f collecting informatio n quickl y and cheapl y is 
the Sondeo  metho d which was originally formulated a t the Institute of Agricultural 
Science and Technology (ICTA ) in Guatemala by Hidlebrand 198 1 (cited by Dolly 
and Youn g 1991) . I n thi s proces s informatio n o n th e majo r constraint s an d 
problems limitin g the productivit y o f a  defined agricultura l syste m i s obtained an d 
analysed. A  rapi d reconnaissanc e surve y o r appraisa l o f th e farmin g syste m i s 
conducted amon g representativ e farmer s i n a  specifi c are a withi n th e syste m t o 
obtain th e relevan t information . Th e information obtaine d by this method i s later 
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verified an d strengthene d b y conductin g a  Baselin e Surve y whic h i s a  mor e 
formalized metho d o f dat a collection . Diagnosi s does no t tak e plac e onl y a t th e 
beginning o f the programm e but is a continuous proces s and the information ca n 
be used to make modifications . A n important element o f this stage is consultation 
and involvement of farmers who need to be an integral part of the process. 

Planning and  Design  Stage 

In thi s stage , th e informatio n gathere d durin g th e diagnosti c stag e i s 
analysed an d farmer s ar e actively involved in design. Problem s ar e identified an d 
prioritized an d appropriat e farming an d soi l conservation system s designed o r soil 
conservation system s adapted to fi t into the existing or modified farmin g systems . 
The appropriat e expertis e require d to design an d implemen t th e system s must b e 
put i n place o r consulted a s necessary. Th e plan mus t be developed an d finalise d 
in consultation wit h the farmers. Provisio n mus t be made to monitor o r to test the 
systems to be implemented. 

Implementation Stage 

All inputs required for the programme must be identified an d made available 
on a  timely basis, in accordance with the implementation plan . Staf f mus t be fully 
aware of all aspects of their job and fully trained. I f the programme involves testing 
or formulating o f technologies, experiments are established i n farmers' fields unde r 
farmers' conditions which are appropriate and therefore adaptable by farmers. Th e 
design o f thes e experiment s shoul d b e simpl e s o tha t farmer s wil l b e abl e t o 
understand an d manag e the m wit h les s supervisio n durin g th e verificatio n an d 
evaluation stages . I n this stage, the norma l farmers ' practic e mus t also be carrie d 
out as a control for comparison . 

Evaluation and  Recommendation  Stage 

In this stage, the results of the on-farm experiment s o r testing are assessed . 

The researcher s an d extensionist s mus t discus s the result s with farmer s t o obtai n 
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their opinio n o f th e treatments . Th e result s mus t als o b e subjecte d t o bot h a n 
agronomic evaluatio n an d statistica l analysis. Thi s assessment o f the result s fro m 
the farmers poin t o f view is most important and mus t be clear before decision s on 
the treatment s t o b e recommende d t o farmer s o r to b e tested further . I f one o r 
two treatment s sho w greates t promis e the y ca n b e furthe r teste d i n farmer -
managed trial s referred t o as validation  stage.  Thi s gives the farmers themselve s 
the opportunity to manage and evaluate the treatments. 

After evaluatio n o r validation , treatment s ca n b e recommende d fo r 
dissemination b y extensionist s throug h suitabl e communicatio n systems . Th e 
dissemination proces s onl y start s whe n farmer s begi n t o accep t o r adop t th e 
technologies and when they begin to pay the cost o f inputs and accept the risks of 
the intervention. 

6.2 Baselin e survey s and farm plannin g 

In plannin g an y enterprise , includin g far m planning , i t i s absolutel y 
necessary t o hav e th e require d data . I n far m planning , dat a wil l be require d t o 
evaluate th e capabilit y an d suitabilit y o f lan d fo r th e curren t an d propose d us e 
under the given set of physical , social and economic conditions. Th e relevan t data 
can be obtained by baseline surveys. Thes e surveys provide the physical, social and 
economic dat a fo r developin g th e farm plan s and the associated soi l conservation 
methods appropriate to farming system and the physical and social environment . 

The databas e whic h woul d provid e th e informatio n fo r plannin g woul d 
include the following : 

6.2.1 Physical  data 

Geographic locatio n an d elevation . Thi s is needed to be able to locat e the 
land o n a  ma p an d t o asses s th e implication s o f th e propose d activitie s t o th e 
surrounding areas. 
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6.2.2 Climatic  conditions 

The importan t climati c factor s ar e temperature , rainfall , relativ e humidit y 
and wind . I n the Caribbean , rainfal l an d wind are frequentl y th e mor e importan t 
factors. Thes e four-climati c parameter s would determine the crop s that ar e mos t 
suitable for specific locations . 

Temperature: Som e crop s perfor m bette r unde r coo l condition s e.g . 
solanum potat o i n th e Christian a are a o f Jamaica ; whil e other s perfor m poorl y 
under th e coo l an d humi d condition s o f th e hig h elevation s eg . banana , mango , 
papaya in the elevated Montreal area of St. Vincent. 

Rainfall: Dat a o n th e amount , intensit y an d duratio n o f rainfal l ar e ver y 
useful fo r th e developmen t plannin g o f th e farm . I t determines, whethe r annua l 
crops ca n b e grow n withou t irrigatio n i n th e dr y seaso n an d th e nee d fo r soi l 
conservation o n sloping soils. 

Relative Humidity: Th e quality of some crops (e.g. Blue Mountain coffee) i s 
improved but the incidence of pests and diseases is increased by high humidity. 

Wind: Win d cause s damag e t o crop s an d animal s durin g storm s an d 
hurricanes. Th e banan a cro p i s particularl y sensitive . I n additio n hig h wind s 
increase evapotranspiratio n an d irrigatio n requirement . Th e informatio n woul d 
help in identifying th e mos t appropriate locatio n fo r crop s and i n determining th e 
need for windbreaks. 

Evapotranspiration: Thi s facto r whe n compare d wit h rainfal l distributio n 
would indicate whether irrigation would be required and would provide an estimate 
of the timing and amounts of irrigation. 

6.2.3 Soils 

Soil type : Th e classification , texture , fertilit y statu s an d othe r soi l 
properties, an d are a o f th e soi l types ar e important . The y hel p u s to infe r th e 
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behaviour, capability and appropriate land use of the soils. The y play a vital role in 
the design of suitable farming systems. 

Topography and Slopes: Th e physiography or land form in the project are a 
help in the design of the farm plans , the location of crops, the infrastructural need s 
and soi l conservatio n methods . Th e lan d form s ma y includ e alluvia l plains  (fla t 
areas), terraces at different elevations , undulating, rolling and steep areas and each 
may hav e differen t soi l types. Th e classificatio n o f slope s qualitativel y b y term s 
such as flat, gentl e slopes, moderately steep, steep and very steep, or quantitatively 
into per cent or degree of slopes, aid planning. 

Erosion Hazard: A  map showing eroded areas, the degree of erosion which 
has occurre d an d th e potentia l erosio n hazar d help s t o determin e th e soi l 
conservation measure s which will have to be instituted to reduce the risk of erosion 
and to enable sustainable use to be made of the land. 

Hydrology an d Drainage : Th e amoun t an d locatio n o f surfac e an d 
subsurface source s of water, the present use and availability for irrigation are usefu l 
data. Th e availability and distribution of pipe-bourne water are also important . 

Drainage o f th e soi l i s affected principall y b y slope, textur e an d structure . 
Low lying areas with poor o r imperfec t externa l o r interna l drainage, can becom e 
flooded o r waterlogged fo r prolonge d periods . Thes e areas should be know n an d 
included in the data collected so that proper drainage can be effected . 

Present Land Use: Th e present land use provides the necessary background 
for futur e planning . I t als o give s a n indicatio n o f th e capabilit y o f th e land , 
although i n som e case s farmer s ma y be persistin g i n activities that ar e degradin g 
the environment . Natura l vegetation i s particularly useful i n indicating the fertilit y 
status of the soil and specific soi l factors as pH, salinity and excess or deficiency of 
ion species. 
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6.2.4 Infrastructure 

The accessibility to the farm and to market and social amenities are essential 
for efficien t an d successfu l farmin g an d mus t b e assesse d o r include d i n th e 
development plans . 

6.2.5 Socio-economic  data 

Social infrastructure : Thes e include schools, hospita l o r clinic , post office , 

churches, community centres , and determine whether the farmer wil l live on far m 

or elsewhere. 

Factories: Th e presenc e o r absenc e o r processin g facilitie s wil l determine 

the corps to be grown and therefore the land use in relation to the capability of the 

land. 

Labour Availability : I t is very importan t t o kno w i f an adequat e suppl y of 

quality labou r i s easil y available . Thi s woul d influenc e th e system s tha t ca n b e 

introduced in light of the competition for the available labour. 

Capital Availability: Th e availability of funds fro m lendin g agencies (such as 
banks) a t attractiv e interes t rate s frequentl y determin e th e succes s o f agricultura l 
enterprises o r lif t th e leve l o f farmin g abov e subsistence . Thi s facto r i s a s 
important, i n modern farming , a s land , labou r and management . Informatio n o n 
capital availability and condition s o f lendin g influenc e th e choic e o f system s to be 
implemented. 

Preference o f Farmers : Farmer s ofte n sho w preferenc e fo r certai n 
commodities o r activitie s eve n thoug h the y ma y no t b e th e mos t economica l o r 
appropriate for the environment. The y usually have good reasons for their choices 
and these must be determined and considered in preparing the farm plan . 

Markets: Market s must be availabl e for farmer s t o sel l their produc e i f the 
venture i s t o succeed . Knowledg e o f marke t deman d o r studie s t o provid e th e 
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information, an d marketin g arrangements are all essential to the plannin g proces s 
and the success of the farming enterprise . 

Technical Service s an d Far m Supplies : Advic e throug h th e Extensio n 
Service should be easily available to the farmers particularl y to those small farmer s 
who lac k technology know-ho w or the resources to purchas e the services . Othe r 
technical suppor t service s e.g . equipmen t repai r an d tracto r renta l ar e als o 
important. Far m supplie s needed fo r runnin g th e business successfull y mus t b e 
available i n adequat e quantitie s fo r th e communit y o f farmer s o r step s mus t b e 
taken to expand the supply. 

After al l th e dat a ar e collected , the y shoul d b e carefull y analyse d an d 
evaluated s o tha t th e appropriat e lan d us e an d farmin g system s suitabl e fo r th e 
physical and socio-economic environment can be selected. Compute r programme s 
have been developed which would allow soil properties to be matched against crop 
requirements t o giv e suitabilit y ratings . Jamaic a ha s develope d th e Jamaic a 
Physical Land Evaluatio n Syste m (JAMPLES ) computer programm e fo r ratin g th e 
suitability o f soil s for specifi c crops . However , t o develop farmin g system s which 
include soil-conservatio n measure s fo r a  particula r projec t areas , al l the physica l 
and socio-economi c factor s mus t be integrated an d this requires a team o f peopl e 
with the appropriate expertise . 

6.3 Lan d Capability and Land Use 
6.3.1 Land  Capability 

The demand for land for the various uses (residential, industrial, commercial, 
recreational, agricultura l and nature reserves ) continues to rise and to pu t pressur e 
on a  finit e resource . I t i s therefore essentia l t o mak e th e optimu m us e o f th e 
resource without causing i t to deteriorate. Prope r land use planning is critical. Soi l 
and lan d us e surveys provide the informatio n whic h allow s planners an d decisio n 
makers t o kno w th e potentia l o r capabilit y o f th e land . Th e survey s involv e a n 
inventory o f th e soil s an d vegetativ e cove r o f th e land . Soil s ar e classifie d 
according t o define d criteri a an d thi s classificatio n i s use d t o assis t i n th e 
determination o f land capability or suitability. 
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Different soi l classification system s for agriculture have been develope d an d 
many ar e specifi c fo r som e countries . Tw o internationa l system s ar e no w use d 
widely o r universally , th e 197 4 FAO /UNESCO soi l ma p o f th e world , an d th e 
1975 Unite d State s Departmen t o f Agricultur e (USDA ) "Soi l Taxonomy" . Th e 
latter i s th e twelvet h "Approximatio n o n Soi l Classification " develope d b y th e 
USDA ove r a  numbe r o f years . I n addition there are man y nationa l classificatio n 
systems in use. 

The curren t agricultura l lan d capabilit y syste m i n th e Caribbea n i s based 
mainly on degree o f slope as the dominant facto r an d to a lesse r extent o n factor s 
of erosion , drainage , rainfal l an d soi l fertility . Thi s syste m o f lan d capabilit y 
classification i s based on the former syste m of the USDA in which the suitability of 
the lan d fo r mechanise d agricultur e i s o f prim e importance . Thi s syste m wa s 
adopted b y th e Regiona l Researc h Centr e (RRC ) o f th e Imperia l Colleg e o f 
Tropical Agriculture (later UWI) and the classification o f soils for each territory was 
published in a series of Soil and Land Use Surveys between 195 8 and 1974 . Th e 
relevance o f thi s syste m t o th e Caribbea n i s questionabl e becaus e (a ) complet e 
mechanisation i s not possible due to size of farm, topograph y an d sometimes crop 
type; (b ) manua l cultivatio n i s often th e onl y practica l an d suitabl e for m o f lan d 
management o n mos t o f th e hillsides . Thi s historical syste m i s still referred t o in 
many report s an d i s therefore briefl y outline d below . However , i f farmer s onl y 
cultivated slope s a s recommended , productio n woul d b e reduce d considerably . 
Therefore a  more pragmatic , treatment-oriented approac h i s recommended whic h 
links slope classes to the conservation treatments required to avoid erosion. 

In th e RR C syste m soil s ar e classifie d int o seve n lan d us e slop e classe s 
shown in Tabl e 6.3.1 . Base d o n these slope classes, the risk of soi l erosion an d 
difficulties o f management , th e soil s have been classified int o seven lan d capability 
classes which indicate the most intensive suitable use as shown in Table 6.3.2 . I n 
some cases an eight h clas s is added fo r th e extremely stee p land , beach san d an d 
mangrove, characteristics which preclude their agricultural use. 

A broa d groupin g o f th e lan d i n thi s manne r int o seve n lan d capabilit y 
classes is useful fo r some purposes such as determining a  country's available arable 
acreage. I t i s not , however , adequat e fo r specifi c lan d managemen t 
recommendations. Betwee n th e extrem e generalisatio n int o seve n broa d lan d 
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classes and the extreme detail of the soil survey, certain intermedial groupings are 
necessary in order to compile land capability classification. 

Slope clas s i s i n man y case s th e primar y facto r i n determinin g lan d 
capability, bu t th e nee d t o alig n thi s assessmen t wit h th e detaile d soi l surve y 
requires further subdivision within each land capability class. Fou r principal limiting 
factors ar e considere d significan t i n this respec t an d they ar e show n b y a  small 
letter following th e lan d capability numeral : "e " if th e principa l limitin g facto r i s 
slope and erosion risk; "w" i f it is excess water in the soil, seasonally or otherwise, 
giving poo r natura l drainage ; "s " if i t is a  soi l facto r implyin g usuall y shallo w or 
droughty soil; and "c" for the climatic factors. 

TABLE 6.3.1 Slop e classes and gradients 

Slope clas s 

A 
B 
C 
D 
E 
F 

Degree 
0-20 
2-5 
5-10 
10-20 
20-30 
Over 30 

Gradients 
Percent 
0-3 
3-9 
9-18 
18-36 
36-58 
Over 58 

Source: Soi l an d Lan d Us e Survey s carried out b y the Imperia l Colleg e o f Tropica l Agricultur e 
(1958-1974) 
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TABLE 6.3.2 Lan d Capabilities Class, Slope Limits 
and Recommended Land Use 

Land capability class and slope limits 

I 
Slope limits 0-5° 
A and B slopes of good soils 

II 

Mainly C slopes of good soils , and level 

land of less favourable soil s 

III 
Mainly D  slope s o f goo d soils , an d 
gentler slopes of less favourable soils 

IV 
Mainly E slopes, some D slopes 

V 
Mainly E and F slopes 

VI 
No slope limit but shallow soil over hard 
rock (includes all steep rock land) 

VII 
Mainly F slopes of deeper soils; N o 
slope limit of soils with rock outcrop; 

1 river wash. 

Most intensive suitable use 

Suitable fo r cultivatio n wit h almos t n o 
limitations. 

Suitable fo r cultivatio n wit h moderat e 
limitations. 

Suitable fo r cultivatio n wit h sever e o r 
strong limitations 

Marginal fo r cultivatio n du e t o erosio n 
risk but suitabl e fo r tre e crops , pastur e 
and forest . 

Unsuitable fo r cultivation , bu t suitabl e 
for plante d forest , tre e crop s an d 
pastures. 

Unsuitable for cultivation due to erosion 
risk but suitabl e fo r tre e crops , pastur e 
and forest . 

Unsuitable for agricultur e should be lef t 
in natural vegetation. 

Source: Soi l and Lan d Use Surveys carried ou t by the Imperial College of Tropica l Agriculture 

(1958-1974) 
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6.3.2 Land  Suitability 

This term is now used more often an d refers to the suitability of the land for 
specific us e an d provide s mor e detail s tha n Lan d Capability , particularl y i n 
qualitative economi c terms . Th e detail s o f thi s system ar e provide d i n the FA O 
Framework Fo r Lan d Evaluatio n (FA O 1976) . Th e ter m lan d evaluatio n i s 
sometimes loosel y use d bu t th e FA O Framewor k Fo r Lan d Evaluatio n i s quit e 
specific. I t provides a standard se t of principles and concepts on which evaluation 
systems can be constructed. I t emphasizes the importance o f explicitly stating the 
intended lan d use , the leve l of managemen t an d whether i t is based o n current  o r 
potential suitability of the land. 

6.3.3 Land  use  and  soil  erosion 

A first defence agains t soi l erosion is to use the land within its capability and 
to us e the soi l conservation practice s that ar e appropriate fo r th e capabilit y class. 
The return s to inputs , including soi l conservation, decreas e fro m Clas s II to Clas s 
VII. Therefor e i t i s no t cos t effectiv e t o us e a  conservatio n practic e whic h i s 
suitable fo r Clas s V i n a  Clas s I I soil situation . I t i s also necessar y t o hav e soi l 
conservation treatment s whic h ca n fi t int o th e socio-economi c environmen t an d 
allow maximum use of the land. 

6.3.4 Proposed  Treatment-Oriented  Land  Capability  Scheme 

In the Caribbean farmer s are forced to cultivate soils outside of the historical 
capability classificatio n propose d b y the RR C because o f scarcit y o f land , marke t 
demand an d bette r price s fo r certai n commodities . I f th e authoritie s wer e t o 
enforce lan d use in accordance with this scheme many farmers would be forced ou t 
of farmin g an d th e nation s woul d b e unabl e t o mee t thei r foo d productio n 
expectations. 

A treatment-oriented lan d capabilit y schem e i s needed. Thi s would allo w 
crop productio n o n th e steepe r slope s provide d i t i s associated wit h appropriat e 
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crop an d soi l management . A  treatment-oriented lan d capabilit y schem e woul d 
permit margina l land s to be used beyon d th e capabilit y propose d b y the RR C in 
their Soi l and Land Use Surveys, through the introduction o f suitable crop and soil 
management systems . I t would bring mor e soil s in Classe s I V - VII into greate r 
and sustainable agricultural production . 

The scheme being proposed would classify soil s in each slope category int o 
different classe s o f fragilit y base d o n soi l factors , fo r example , dept h o f soil , 
erodibility, an d fertilit y status . Appropriat e soi l managemen t treatment s woul d 
then be proposed fo r crops or crop combinations on the soil. A  treatment oriente d 
or management schem e which would permi t steeper slope s to be more intensivel y 
cultivated is presented in Table 6.3.3 . 

TABLE 6.3.3 : Recommende d Soi l Conservation Practices Guidelines 

Degree 

0 - 4 

4 - 1 0 

10-20 

20-30 

30 -45 

45+ 

SLOPE 

Percentage 

0 - 7 

7 -18 

18-36 

36 - 58 

58 -10 0 

100+ 

TYPE OF CROPS OR 
CROPPING SYSTEM 

Best lands for intensive annual 
production; mechanized mono-
cropping 

Good for intensive annual crop 
production; mixed cropping on 
erodible, fragile soils 

Semi-permanent crops ; Annual 
crops suitably intercropped 
with semi-permanent or 
permanent crops 

Permanent crops, for example, 
fruit trees in pure stands with 
grass ground cover, or mixed 
with food crop on the less 
fragile soils ; agroforestry 

Production Forest; 
Agroforestry on the less fragile 
soils *(Forest species and 
permanent frui t tree s only) 

Forest for watershed protection 

RECOMMENDED PHYSICAL 
SOIL CONSERVATION 

PRACTICES 

Good crop 
husbandry; 
Contour farming 

Vegetative barriers; 
Hillside ditches 

Storm water diversion and 
downhill drains; Vegetative 
barriers; Hillside ditches; Mini-
terraces; Narrow ridges and 
furrows; Mulching 

Hillside ditches; reversed 
sloping narrow terrace; Tree 
basins especially at the higher 
slopes; relay cropping of food 
crops 

Full ground cover always; soil 
conservation measures in 
association with agroforestr y 
depending on crop mix 

Full ground cover always | 
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Some frui t trees, fo r example, mango , papaya , ar e not suitable for the hig h wet 
elevations because of disease problems. 

The abov e genera l an d summar y guideline s shoul d b e use d t o develo p specifi c 
recommendations for the different soils on various slopes and climatic conditions. 



77 

CHAPTER 7 

SOIL CONSERVATION MEASURES APPROPRIATE FOR 
INTEGRATING INTO FARMING SYSTEMS IN THE CARIBBEAN 

Most o f th e farmer s o n hillside s i n th e Caribbea n cultivat e smal l area s of 
land, are resource-poor an d are not technically educated . Generally , they do not 
have o r canno t affor d t o hir e machiner y fo r soi l conservation , an d othe r far m 
activities compete for the scarce available labour. Sometime s the land is too stee p 
for th e saf e operatio n o f machinery . Th e soi l conservatio n measure s mus t 
therefore fi t into  this background. Th e measure s tha t ar e suitabl e fo r integratin g 
into the farming systems fall into two categories: 

• Biologica l or Agronomic 
• Simpl e engineering 

They ca n b e use d separatel y o r i n combination dependin g o n th e condition s an d 

these are discussed later . 

For effectiv e soi l conservatio n i n th e Caribbea n contex t o f man y smal l 
farmers o n the hillsides , i t is important t o ensure that a  micro-watershed operate s 
as a unit under the control of an association of all the farmers and with appropriate 
leadership. Th e importanc e o f a  stron g institutiona l basi s canno t b e over -
estimated. Thi s is further discusse d with reference t o Jamaica. A n incentive (cash 
and/or communit y facility ) should be considered i n return fo r farmer s agreein g t o 
allow their land to be planned fo r conservation (e.g . continuou s contour hedges or 
ditches) an d fo r carryin g i t out . I n this arrangemen t i f som e fai l t o agre e o r t o 
perform, al l are excluded from benefiting . I n this way there is community pressur e 
to conform . 

7.1 Biologica l o r Agronomic Measure s 

Many of these measure s are no t normall y associated wit h soi l conservation 
but because they provid e early , rapi d an d mor e complet e groun d cove r o r bette r 
root growth and soil binding, they reduce soil erosion. 
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7.1.1 Soil  Management 

Improvement o f the physica l and chemica l propertie s o f th e soi l increase s 
plant growth and soil protection agains t erosion by water. Improvin g soil structure 
increases th e wate r holdin g capacity , infiltratio n rat e an d erodibilit y o f th e soil . 
This ca n b e achieve d throug h tillage , drainag e an d th e incorporatio n o f organi c 
matter, growin g tree s with fibrous roo t system s or certai n tree s which ca n retur n 
leaf litte r to the soi l or stabiliz e the soi l against erosion . Fire s which destro y soi l 
organic matter and hence soil structure must be avoided. 

Several mineral s ar e know n t o b e essentia l fo r plan t growt h an d mus t b e 
provided i n adequat e amount s an d i n th e correc t rati o o r balanc e t o avoi d 
antagonism i n the uptake of minerals. Fertilize r application an d limin g to increase 
pH o f aci d soil s are essentia l fo r rapi d growt h th e cro p establishmen t whic h ar e 
particularly important in monocropping systems. 

The role of minerals in plant growth and the fertilizer requirement s o f crops 

can be obtained from books on basic soil science such as Brady (1974), or Russel l 

(1973). 

7.1.2 Tillage 

Tillage i s a n importan t soi l managemen t activit y whic h impact s o n th e 
sustainability o f agricultural systems in the tropics. Excessiv e tillage of sloping soils 
increases soi l erosio n an d therefor e tillag e system s whic h minimiz e th e us e o f 
implements an d soi l disturbanc e ar e preferred . Conventiona l tillag e whic h ma y 
include a combination o f primary and secondary operations is normally performe d 
in seedbe d preparatio n an d mostl y o n fla t o r gentl e t o moderat e slopes . O n 
steeper slopes several tillage practices are preferred. Thes e are: 

Zero (no ) tillage : wher e th e cro p i s plante d directl y int o th e soi l withou t 
preparatory tillage. 
Conservation tillage : a  tillage system which facilitates the conservation o f soil 
and water. 
Zonal tillage: tillag e of only the strip or zone of the soil in which the crop is to 
be planted. 
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Several researchers (Lal , 1975 ; Lindsay and Gumbs, 1982 ) have shown tha t ther e 
is much greate r soi l loss and reduced runof f fro m tillag e compared wit h no-tillag e 
plots. N o tillage can reduce soil loss to almost zero. 

Reduced an d minimu m tillage , i n whic h th e tota l numbe r o f tillag e 
operations preparatory to planting is reduced from th e conventional tillage for tha t 
soil type , i s sometime s recommende d fo r th e gentle r slopes . The y increas e 
infiltration an d reduce runoff an d soil erosion. 

7.1.3 Timing  of  planting 

The establishment o f crops, possibly with irrigation, late in the dry season or 
early in the wet season before th e onset o f the heavy rains, provides better ground 
cover before the heavy rains come. 

7.1.4 Pest  and  Disease  Control 

Crops mus t b e adequatel y protecte d t o avoi d lea f destructio n an d poo r 
growth. I n view of the hig h cos t o f biocides , frequent unavailabilit y i n many rura l 
communities i n developin g countries , an d environmenta l hazards , method s o f 
control beside s th e us e o f chemical s e.g . biologica l contro l an d integrate d pes t 
management involvin g th e us e o f multipl e cropping , rotation , resistan t varietie s 
must be pursued . 

7.1.5 Crop  Rotation 

This ca n promot e healthie r an d rapi d cro p growt h an d groun d cove r b y 

preventing the build-up of pests and diseases and by improving soil properties. 

7.1.6 Plant  spacing 

Many crop s hav e traditionall y bee n plante d i n row s fa r enoug h apar t t o 
permit interro w tillag e t o kil l weeds , sprayin g o f pesticides , applicatio n o f 
supplemental fertilize r an d th e harvestin g o f th e crops . Thi s i s applicabl e t o 
mechanized cro p productio n o n fla t lan d o r gentle slopes but no t o n stee p slope s 
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were mechanization i s not feasible. I n addition, interrow cultivation keep s the soil 
loose an d therefor e erodible . Ther e i s usually mor e erosio n i n ro w crop s tha n 
closer growing crops. 

The number of plants grown per hectare can be very important to both yield 
and erosio n control . Man y crops can b e grown o n hillside s a t ro w spacings tha t 
are less than those recommended fo r flat land withou t reducing yield (Mohamme d 
and Gumbs, 1982) . I n some cases yield can be increased. Th e closer spacing has 
been show n b y Mohamme d an d Gumb s ( ibid.) t o reduc e soi l loss . Th e close r 
spacing i s therefore preferre d o n hillsides in the Caribbean wher e crop husbandr y 
is not mechanized. I t also provides earlier ground cover, higher lea f area ratio and 
better ground protection against raindrop impact. 

7.1.7 Contour  Cultivation 

An important practic e on hillsides is contour cultivation. O n gentle slopes it 
can largel y eliminat e soi l erosio n an d o n steepe r slope s i t can contribut e t o th e 
reduction o f soil loss. Tillage , planting and other crop cultivation activitie s must be 
carried ou t o n th e contour . Fo r thi s reaso n i t i s importan t fo r al l farmer s o n 
hillsides to be taught how to layout contour lines using the 'A; frame. Th e details of 
the construction and use of the TV frame i s given by Gumbs (1987). 

7.1.8 Vegetative  barriers 

Live o r dea d vegetatio n ca n for m effectiv e barrier s fo r controllin g o r 
reducing erosion even on steep slopes. Example s are described below 

Grass barriers 

Grass barrier s ar e strip s o f gras s plante d a t interval s o n th e contou r 
(Figure 7.1 ) an d ar e use d frequentl y i n th e Caribbean . The y ca n als o b e 
established by leaving 0.5 -  1.0m strip s of land untilled at intervals on the contour . 
Local grasses and othe r weeds soon become established a s barriers. Severa l grass 
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species can be used for the planted grass barrier. Vetive r or Khus Khus (Vetiveria 
zizanioides) i s the mos t popula r o r commonl y use d grass . Othe r grasse s use d 
include Napie r gras s (Pcnnisetu m pupureum) , Guatemal a gras s (Tripsacu m 
laxum) and Guinea grass (Panicum maximum). 

Some farmers prefe r no t to use grass barriers because they claim it occupies 
too muc h spac e o n thei r smal l holding s o r i t encourages th e nestin g o f rodents . 
To overcom e the unattractiveness o f growing non-commercia l specie s a s barriers, 
commercially viabl e species , e.g . pineapple , alo e vera , ca n b e substituted , o r 
commercial products can be developed from vetiver . Thi s latter approach canno t 

Figure 7. 1 Gras s barrie r o f Vetive r 
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be undertake n b y individua l smal l farmers bu t woul d nee d technica l an d busines s 
enterprise support and cooperative farming . 

Grass barriers are adapted to hillsides where orchards or row crops are to be 
established, but are not suitable for slopes which are stony, non-uniform an d where 
many gullie s exist . Th e soi l trapped behin d th e barrie r graduall y convert s i t into 
terraces. 

The norma l width o f grass barrier i s 0.3 -  0.5 m , but i t should be wider on 
steep erodible soils. O n the gentler slopes (10-20 pe r cent) grass barriers can be 
20 - 40m apart ; on steeper slopes (20 -40 per cent) they should be 1 0 -20m apart . 
If gras s barrier s ar e use d wit h mini-terrace s o r hillsid e ditches , th e distance s 
between barriers can be increased. 

Construction Procedure : 

Clear th e contour lin e of obstacle s (e.g . stones, shrubs ) and smoot h 
out land irregularities; 
Stake out the barrier lines with stakes every 5-10m ; 
Use fresh roo t cuttings for plantin g material ; plan t tw o rows closely 
in a  staggere d o r triangula r patter n t o for m on e gras s barrier ; th e 
spacing betwee n plant s ca n b e 1 0 -  30c m dependin g o n gras s 
species; 

Cut grass 15c m above ground level to promote regrowth. 

Dead vegetatio n barrier s 

Various types of dead vegetation, e.g . tree trunks and branches , banana 
pseudostems an d leave s o r tras h (Figure s 7. 2 an d 7.3) , gras s an d othe r 
vegetative cuttings, and bamboo (Figur e 7. 4 an d 7.5 ) ca n be used a s trash line s 
or barriers which are staked along the contour, o r simply laid out without staking if 
the vegetatio n canno t readil y b e washe d downslope . Furthe r detail s o f th e 
techniques ar e presente d b y Gumbs (1987) . Mulchin g ove r the soi l surface a s a 
whole (no t in trash line s or bands) is very effective i n reducing soi l erosion bu t the 
mulch must provide adequate coverage and must not be readily washed downslope. 
This is sometimes a  problem where the slope is steep and the mulch i s thin. Thi s 
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Figure 7. 2 Banan a pseudoste m an d tras h barrie r 

Figure 7. 3 Tras h barrie r i n banan a fiel d 
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Figure 7. 4 Bambo o barrie r 
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Figure 7. 5 Bambo o an d tras h barrie r 
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method o f usin g vegetation t o reduce erosion ca n be exploited i n programme s of 
tree crop rehabilitation . 

7.1.9 Cropping  Systems 

There are two basic types of cropping systems, namely, monocropping an d 
multiple cropping. Th e latte r i s very much the more desirable system o n hillside s 
but sometime s farme r preferenc e an d othe r consideration s ma y mak e 
monocropping th e desire d system . Monocrops , however , hav e to b e grown i n a 
way tha t limit s soi l erosio n sinc e thi s syste m i s the mos t difficul t t o manag e t o 
achieve acceptable levels of erosion control on sloping lands. 

Monocropping 

Monocropping i s the growin g o f a  singl e crop specie s o n a  give n are a o f 
land i n a  give n time . I n a  monocroppin g system , especiall y wit h non-perennia l 
crops, th e lan d ma y remain bar e fo r a  perio d o f time . Thi s is the tim e when th e 
soil i s most pron e t o erosion . I n this case monocrop s hav e to be combined with 
some for m o f soi l conservatio n measur e (barriers , drains , mulching ) t o preven t 
erosion. 

If th e monocro p i s a  tre e the n th e threa t o f soi l erosio n i s no t severe , 
especially i f th e tre e cro p i s plante d o n th e contour . Figur e 7. 6 show s citrus 
planted o n th e contou r bu t th e plant s i n successiv e row s ar e no t staggered . 
Therefore, th e rows appear to be up-and-down the hill. Th e young citrus plants in 
the foreground o f Figur e 7. 7 canno t protec t the soil and therefore a  grass ground 
cover i s essential. I f the tree crop has to be replanted o n steep slopes , the young 
trees can be interplanted among the older trees which are progressively removed as 
the young tree become large enough to provide soil protection. 
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Figure 7. 6 Citru s o n th e contou r wit h row s unstaggere d 

Figure 7. 7 Citru s o n th e contou r an d gras s cove r i n youn g citru s 



88 

The typ e o f monocro p mus t b e suitabl e fo r th e slop e o n whic h i t i s t o 
planted o r mus t b e combine d wit h soi l conservatio n measures . Th e followin g 
guidelines can be followed: 

Degrees 
0 - 5 An y monocrop 
5 - 1 0 An y monocrop and barriers 

10 -  2 0 Avoi d growin g smal l annua l crops ; larg e crop s lik e banana , 
plantain and barriers and/or drains ; Fruit trees or tree crops 

20 - 30 Frui t trees, tree crops (e.g. cocoa, coffee ) 
30 - 40 A s for 20-30° but with drains, or Forest 
>40 Fores t 

When monocroppin g system s are used, especially with small annual crops , 
careful attentio n mus t be pai d to the agronomi c factor s mentione d above . Goo d 
soil fertilit y management , mos t suitabl e cro p varieties , close r ro w spacing , goo d 
pest an d diseas e control , an d cro p rotatio n ca n b e reduc e soi l erosio n and , i n 
effect, b e good soil conservation measures . 

Multiple Croppin g 

Multiple croppin g i s defined her e a s th e growin g o f mor e tha n on e cro p 
simultaneously o n the sam e area o f land . I t does not includ e sequentia l croppin g 
where two or more crops are grown in sequence on the same field per year. 

Multiple cropping  i s therefore synonymou s wit h intercropping  an d may 

be:-

Mixed intercroppin g :  Tw o o r mor e crop s ar e grow n simultaneousl y wit h n o 
distinct ro w arrangement (Figur e 7.8) ; 

Row intercropping: Tw o o r more crops are grown simultaneousl y wher e on e or 
more crops are interplanted in rows (Figur e 7.9) ; 



89 

Figure 7. 8 Mixe d intercroppin g wit h n o distinc t ro w 

Figure 7. 9 Ro w intercroppin g wit h severa l crop s 
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Strip intercroppin g :  Tw o o r mor e crop s ar e grow n simultaneousl y i n differen t 
strips wide enough to permit independent cultivation but narrow enough to interact 
agronomically; 

Relay intercropping: Tw o or more crops are grown simultaneously during par t of 
the lif e cycle of each. A  second crop is planted after th e first crop has reached it s 
reproductive stage of growth but before i t is ready for harvest . 

Intercropping i s a goo d metho d o f soi l conservation becaus e the groun d i s 
always covered o r can be arranged to be always covered with vegetation . Ther e 
may b e onl y shor t period s whe n th e groun d i s no t full y covered . Unde r thes e 
conditions, raindrops are intercepted, rat e and amount of runoff ar e decreased and 
erosion is markedly reduced. 

The intercrop s ma y be similar in height o r i t may be a t differen t elevation s 
providing a  tiere d canopy . Intercrop s i n whic h th e leave s an d root s occup y o r 
dominate differen t elevation s abov e an d belo w th e ground , respectively , hav e 
certain distinc t advantage s i n th e efficien t utilizatio n o f growt h factor s fo r rapi d 
crop growth . Agroforestr y system s ar e good  example s an d thes e ar e discusse d 
from the soil conservation view point. 

7.2 Agroforestr y system s 

Agroforestry refer s t o lan d us e system s i n whic h wood y perennial s ar e 
grown i n associatio n wit h crop s and/o r animal s o n th e sam e lan d unit . Th e 
different form s of agroforestry are : 

Agrisilviculture (trees and crops) 
Silvopastoral (trees, pasture and livestock) 
Agrisilvopastoral (trees, crops, pasture and livestock) 
Other combinations (e.g. trees and bees, trees and fish pond ) 

There ar e both economi c an d ecologica l benefit s t o be derived fro m agroforestr y 
systems. I n orde r fo r th e agroforestr y syste m t o b e sustainabl e i t mus t b e 
environmentally sound , economicall y an d technicall y feasible , an d sociologicall y 
acceptable to the farmers . 
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Trees can be used specifically for soil stabilization and erosion control by, for 
example, mechanica l reinforcemen t fro m th e roo t system , roo t wedging , 
butressing, interceptio n o f raindrops , physica l barrier to soi l and wate r movemen t 
downslope, accumulatio n o f soi l organic matte r fro m lea f litte r an d consequentl y 
improvement o f soil physical properties. Lan d use problems can be ameliorated by 
agroforestry systems , e.g. , soi l erosion, declining soi l fertility, deforestation , fores t 
degradation, pastur e degradation , rive r degradation , an d cro p an d anima l 
protection. Tree s ca n provid e food , anima l feed , energ y (fuelwood , charcoal) , 
shelter (material s fo r housing) , ra w material s an d cas h incom e fo r socia l 
commitments. Tree s ca n therefor e pla y ver y importan t role s environmentally , 
economically an d sociologicall y i n hillsid e farmin g i f suitable  tre e specie s ar e 
selected an d use d appropriately . Thi s has been  emphasise d i n the Lan d Us e and 
Watershed Managemen t Report s of the TFAP (1991-1992). 

7.2.1 Agrisilviculture 

Spatial arrangemen t o f tree s 

Figure 7 .1 0 show s th e differen t spatia l arrangement s o f tree s i n 
agrisilviculture agroforestry systems . 

The rando m mixture  i s commonl y use d i n th e Caribbea n wher e fores t 
species, coconu t o r citru s ma y b e th e tre e crop s whic h ar e interplante d wit h 
banana or other food crops (Figure 7.1 1 an d 7.12) . Sometime s the trees on the 
land are not removed o r some trees are planted to provide shade, fruits, additiona l 
income and soil conservation. A n example of this is shown in Figure 7.1 3 wher e 
pineapple has been planted on land with mango and other tree species. 

In th e alle y croppin g syste m annua l foo d crop s ar e grow n i n th e space s 
(alleys) formed b y hedgerows of woody perennials . Th e woody perennial s include 
legumes, bambo o an d variou s shrubs . Leucaena  leucocephala,  Gliricidia 
sepium, Acacia  mangium,  Calliandra  calothyrsus  ar e the more common 
species used in the Caribbean. Cajanus  cajan  an d Sesbania  grandiflora  are 
good candidates bu t they have not been  use d in this way. Th e hedgerow s are cut 
at interval s during croppin g t o minimiz e shadin g an d t o reduc e competitio n wit h 
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Figure 7.1 0 Spatia l arrangement s o f agroforestr y system s 
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Figure 7.1 1 Agrisilvicultur e syste m wit h 
several tier s o f crop s 
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Figure 7 .1 2 Agrisilvicultur e syste m o f citru s an d banan a 

Figure 7 .1 3 Pineappl e plante d o n lan d withou t removin g al l tree s 
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the crop . Th e cutting s ma y b e use d fo r anima l fee d o r a s mulch . I f th e 
hedgerows ar e allowed to grow during non-croppin g periods , they ca n b e cu t fo r 
firewood, charcoal , stakes or fence posts . 

Where alley cropping is carried out on sloping land the perennial hedgerows 
are plante d o n th e contou r acros s th e slope . Thi s syste m ha s bee n show n t o 
increase yields and reduce erosion. 

Tree cro p rehabilitation fo r erosion contro l 

Soil erosion on farms with poorly maintained tree crops can be reduced by a 
programme o f cro p rehabilitation . Tree s are trimmed , prune d an d fertilize d an d 
the trimmings applied to the soi l as barriers or as mulch where possibl e to reduc e 
erosion. Thi s metho d o f soi l conservatio n i s appealing t o farmer s becaus e i t i s 
inexpensive an d result s in improved cro p growth , yield and income . Prunin g ca n 
be repeated a s appropriate an d the method o f soi l conservation ca n be combine d 
with other methods like intercropping to further reduc e erosion. 

7.2.2 Silvopastoral  and  Agrisilvopastoral  Systems 

Caribbean farmer s hav e found combinin g tree s with livestock , o r trees with 
livestock an d annua l crop s economicall y an d sociologicall y beneficial . System s 
utilizing coconu t (o r citrus), pasture an d cattl e and/or shee p ar e common . Whil e 
farmers ar e reluctant to grow grass as barriers or as pastures for soi l conservation, 
they ar e mor e receptiv e t o growin g gras s i f livestoc k i s included i n th e system . 
With suc h a  syste m th e farme r practice s soi l conservatio n withou t makin g a 
conscious effort . Alternatively , h e ca n b e encouraged t o adop t soi l conservatio n 
measures if it brings economic benefits . 

Because livestoc k ca n damag e youn g tree s th e syste m mus t preven t thi s 
from takin g place . Livestoc k ca n b e introduce d whe n th e tree s ar e matur e o r 
hardy. Cattl e can be provided with a nose-shield to prevent eating the developing 
trees. Goat s ar e no t use d i n thes e system s becaus e o f thei r ablit y t o graz e 
excessively eve n o n the barks o f trees . I f annual crops ar e grown i n combnatio n 
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with trees and livestock, the annual crops must not be accessible to livestock during 
crop growth and harvest . 

7.3 Simpl e engineerin g method s 

Sometimes agronomi c o r biologica l method s ar e no t full y effectiv e i n 
controlling erosio n an d thes e method s hav e t o b e combine d wit h physica l 
structures. Th e latte r has to be simple and low-cost i f they are to be acceptable to 
small farmers. Ther e are four types of engineering structures which are relevant to 
small farmers o f the Caribbean. 

Contour or cut-off drain s 
Downslope waterway s 
Mini - terraces and eye - brow terraces 
Gully control structures 

Storm drain s are larg e drains at the top boundary o f the farm . I t is seldom 
relevant i n the Caribbea n contex t o f several non-contiguous smal l farmers locate d 
at different elevation s on the hillside. I t would be meaningless for a  small farmer t o 
dig a storm drain at the top boundary of his small holding without provision for the 
safe discharg e o f th e intercepte d water . Frequentl y a  cut-of f o r contou r drai n i s 
adequate. 

Stone barrier s ar e no t recommende d fo r th e Caribbean . The y ar e ver y 
labour demanding an d are really only feasible where stone is commonplace o n the 
site an d especiall y i f i t restrict s farming . Ther e ar e fe w place s wher e al l th e 
conditions are right. 

7.3.1 Contour  or  cutoff  drains 

Cutoff drain s ma y b e neede d a t interval s i n th e cultivatio n t o limi t th e 
overland flo w o f water . Thes e drain s ma y b e a t 1 0 t o 3 0 m  interval s along th e 
slope depending o n the degree of slope and intensity of rainfall . I n some cases the 
interval i s 5 0 m  o r more . Cutof f drain s ar e t o b e constructe d whe n ther e i s 
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evidence of soi l wash and erosion rill s on the farm o r on othe r farms o n the sam e 
soil type employin g simila r agricultura l practices . The y shoul d be combine d wit h 
other conservation measure s to prevent erosion o f soil between the drains. Wher e 
the highest poin t on the farm adjoins the public or farm road , a  cutoff drai n should 
be placed a few metres below roadway level. 

Cutoff drain s usually measure 50 or 60 cm wide and 40 cm deep. I n stable 
clayey soils almost vertica l side walls can be used, bu t in the mor e unstabl e sandy 
soils, the walls must recline. Excavate d soil from construction can be placed on the 
downslope sid e o f th e drai n t o form a n embankment . A  relatively shallo w cutof f 
drain i s shown in Figure 7.1 4 Th e cutoff drai n in the foreground o f the banana 
field i n Figur e 7.1 5 ha s eithe r bee n constructe d to o larg e o r ther e ha s bee n 
erosion and enlargement o f the drain. Th e side slopes are largely unprotected an d 
prone to further erosion . 

7.3.2 Downslope  waterways 

Water fro m th e cutof f drain s an d terrace s shoul d b e discharge d int o a 
natural waterway , no n -  erodible stony ground , grasslan d wit h goo d cover , o r an 
artificial waterway. 

An artificia l waterwa y i s a wide and shallo w drainage channe l fo r bringin g 
water safely downslope . Th e downslope grade of the waterway should not exceed 
25 pe r cent . O n steepe r slopes , check dams shoul d b e used . I f water fro m th e 
cutoff drai n has to flow down the bank of a river , especially if i t has a steep grade, 
the flow path should be protected with stone or grass sod. Th e inlet, in particular , 
must b e stabilize d wit h ston e o r gras s sod . I f th e wate r i s discharge d ont o 
grassland, the cutoff drai n should be widened at the discharge end to distribute the 
water over a larger grassed area. 

7.3.3 Mini-terraces 

Several type s o f terrace s hav e bee n describe d an d constructio n 
specifications give n b y Gumb s (1987) . Th e benc h terrac e an d modifie d benc h 
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Figure 7.1 4 Cutof f drai n 

Figure 7.1 5 Erode d cutof f drai n 
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terrace hav e severa l disadvantages . The y ar e costl y t o construct , requir e muc h 
labour i f constructe d manually , an d ca n resul t i n reduce d cro p yield s du e t o 
exposure o f poore r subsoil . Th e mini-terrace , sometime s referre d t o a s hillsid e 
ditch does not have these disadvantages and is more manageable by small farmers. 

The procedure followed in forming mini-terraces is as follows: 

Contour line s are established where the centre of the terrace will be located. 
The spacin g between contou r line s will depend mainl y o n the steepnes s of 
the slope, rainfall intensity and crops to be grown. 

Starting fro m th e to p o f th e hil l o r wher e th e uppermos t terrac e wil l b e 
located, the soil is pulled downward to form the mini-terrace on which crops 
will be grown. Th e mini - terrace slopes backwards so that i t functions a s a 
drainage channe l whic h i s establishe d o n a  5  pe r cen t grad e acros s th e 
slope. Som e terrace s ma y b e lef t uncroppe d an d ar e use d fo r traffickin g 
across the hill. 

If the terrace s an d drainag e channel s abut t eac h othe r th e fiel d layou t i s 
referred t o as ridging or ridge and furrow (Figure 7.16) . 

A mini-terrace with citrus grown on the terrace is shown in Figure7.17(a) . 
In this case it is referred t o as an orchard terrace. Sometime s the land between the 
terraces alon e i s cropped an d th e terrace s ar e use d fo r drainag e an d traffic . I n 
other case s bot h area s ar e croppe d wit h foo d crop s a s shown i n the diagra m i n 
Figure 7.17(b) . 

Eye-brow terraces are short or discontinuous mini-terraces across the slope . 

They, therefore, giv e the appearance of eye-brows across the slope of the hill. 

7.3.4 Gully  control 

Gullies are developed b y water erosion an d wil l continue unles s the gull y is 
stabilized by structural control measures and revegetation . Gullie s can be classifie d 
by size and by shape. 
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Figure 7.1 6 Ridg e an d furro w mini-terrace s 

Figure 7.17(a ) Mini-terrac e o r Hillsid e ditc h wit h citru s 
(Orchard terrace ) 
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Gully size 
Small 
Medium 
Large 

Gully depth (m) 
<1.0 

1.0 - 5.0 
>5.0 

These ca n hav e shape s tha t ar e U  shaped , V  shape d o r trapezoida l i n cross -

section. 

Large gullie s an d mos t o f th e mediu m size d gullie s requir e substantia l 

cement -  masonry structure s which are beyond the capability o f mos t smal l farmers . 

A larg e gull y ofte n affect s severa l farmer s an d sometime s th e communit y a s well . 

The pluggin g o r contro l o f thes e gullie s usuall y requir e th e interventio n o f 

government o r othe r agency . 

Gully treatment measure s 

(a) Filling  and  Shaping 

Small gullies with lo w water flow can be stabilized by filling an d shapin g afte r 

the surfac e wate r i s diverted. Stee p gull y head s an d gull y banks shoul d b e shape d 

to a  gentle r slop e (abou t 1:1 ) .  Th e gullie s can b e fille d i n b y spade , shovel s an d 

plough. However , filling , shapin g an d diversion alon e wil l not be enough t o contro l 

gullies wher e th e rainfal l i s ver y heavy . Additiona l gull y contro l an d slop e 

stabilization measure s suc h as check dams, . ston e barriers , wattles and revegetatio n 

should be undertaken . 

(b) Grade  stabilization  structures 

If a gull y is too larg e to b e eliminated b y filling , shapin g an d revegetation , i t 

must be stabilized agains t furthe r erosion . Tw o approaches ca n b e followe d 

Temporary structura l measure s such a s woven wir e with o r without ston e o r 

rock fill , brush wood , logs , loos e ston e an d boulde r chec k dam s ca n b e use d 

to facilitat e th e establishmen t an d growt h o f permanen t vegetation . Th e 
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structure mus t b e designe d i n relatio n t o th e siz e o f th e gully , th e rainfal l 
intensity an d rat e o f water flo w i n the gull y to preven t i t becoming readil y 
washed away. 

Permanent check dams constructed across the gully bed to stop channel and 
lateral erosion, reduce the original gradient of the gully bed, and the velocity 
of flo w and erosiv e power o f run-off . Chec k dams can b e made o f gabio n 
baskets, wir e an d roc k fill , masonr y -  concrete. Th e chec k da m mus t b e 
designed an d constructe d t o withstand th e maximu m flo w o f wate r i n th e 
gully. Chec k dam s fo r larg e gullie s requir e engineerin g skills . Th e gull y 
catchment mus t be well vegetated to prevent erosion to the gully edges and 
walls. 

Number and spacing of check dams 

The numbe r o f chec k dam s require d i s determine d fro m th e gull y reac h 
(total lengt h o f th e gully ) and th e longitudina l profil e o r slope s o f th e gull y be d 
between th e propose d firs t an d las t check dam. Figur e 7.1 8 show s graphically 
an example o f the longitudina l profil e alon g the gully bed. I t shows the angle and 
vertical height o f rise of the gully bed at different horizonta l distances. Th e angles 
can b e measure d wit h a  clinometer  o r dump y leve l an d th e horizonta l groun d 
distance with a tape starting from the bottom to the top of the gully. 

The gradient between each check dam is called "compensation gradient". I t 
is formed whe n materia l carrie d b y flowing wate r fill s the chec k dam s to spillwa y 
level. Th e compensatio n gradient , th e effective heigh t o f th e chec k dam an d th e 
longitudinal profile determin e the spacin g between check dams. Th e chec k dams 
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Figure 7.1 8 Longitudina l profil e of f gull y be d 

Figure 7.1 9 Measurin g th e profil e o f th e cross-sectio n o f th e gull y 
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are located on the graph o f the longitudinal profile by: 

Selecting the location o f the firs t check dam at the lowes t poin t in the gully 
reach; 

Identifying th e effective heigh t of the first check dam; 

Starting a t th e effectiv e heigh t a  3 % slope lin e i s drawn t o intersec t th e 
profile. Th e poin t o f intersection i s the locatio n o f th e secon d chec k da m 
site. Th e proces s is repeated to determine point s where the ensuing chec k 
dams are to be built. 

The numbe r o f chec k dam s required i s obtained b y counting th e intersection s o n 
the profile curve. 

Surveying the cross section of the gully 

The profil e o f th e cross-sectio n i s the majo r facto r i n the determinatio n o f 
the dimensio n o f the check dam an d hence th e cost o f construction . Th e cros s -
section is measured as indicated in Figure 7.1 9 a t the point where the check dam 
is to be located. Tw o rods, a measuring tape and a carpenter' s leve l are sufficien t 
to measure the cross - section profile . 

One worker holds the rod vertically a t locatio n A  in the centr e o f the gully 
bed (th e lowes t poin t o f th e cross-section) . Anothe r hold s th e othe r ro d 
horizontally b y using a  carpenter' s leve l so that on e en d o f the rod intersect s th e 
vertical rod at O and the other end touches the ground a t location B. Th e vertical 
rod a t A  i s then move d t o th e poin t wher e th e firs t horizonta l ro d touche s th e 
ground, B , an d the horizontal rod is made to touch the ground at a new point and 
the measurement s recorded . Thi s process is repeated a t othe r point s of the gully 
sides as shown i n Figure 7.19 . Th e cross-sectiona l profil e eg . ABCD, is obtained 
from the vertical and horizontal distances of the touching rods. 
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Construction Procedure s 

The constructio n o f chec k dam s o r eart h plug s o r gull y plug s generall y star t 

from th e botto m t o the top o f the gully . However , i f rocks for th e da m hav e to b e 

transported fro m th e bottom t o the top o f the gully through th e gull y channel, the n 

construction mus t star t a t the top. Constructio n mus t be done i n the dr y season . 

(a) Brushwoo d chec k dam s 

Two row s o f post s ar e drive n int o the soi l a t interval s acros s th e gull y floo r 

and brushwoo d i s placed betwee n th e tw o post s a s show n i n Figur e 2 0 (a ) an d 

(b) t o for m th e dam . A  thir d ro w o f shorte r post s i s drive n int o th e soi l abou t 

2 -  3  m  downslop e t o for m th e lowermos t o f th e thre e row s o f post s o r counter -

dam. Brushwoo d i s intertwined i n thi s ro w o f post s (Figur e 7 . 2 0 b) . Th e mai n 

objectives o f th e chec k da m ar e t o slo w the rat e o f flo w o f wate r an d t o hol d fin e 

material carrie d b y the flowin g water . Sediment s collec t a t th e upstrea m side s o f 

the da m an d counter-da m t o for m a  gull y be d an d apron , respectively , a s shown . 

These reduc e o r absor b th e energ y o f flo w o f wate r an d preven t th e gull y floo r 

around th e chec k dam o r drop structur e from bein g eroded . Vegetatio n shoul d b e 

established o n th e brushwoo d sid e o f th e talle r ro w o f post s t o furthe r reduc e th e 

velocity o f flo w o f wate r an d thereb y stabiliz e th e structure . Brushwoo d dam s ar e 

temporary structure s and are use d as interim solutions . 

(b) Lo g check dam s 

Hardwood log s an d post s ar e place d acros s th e gully . The y ca n als o b e 

built fro m poles , planks , heav y boar d an d slabs . Th e mai n objective s o f lo g chec k 

dams ar e t o reduc e th e velocit y o f flo w o f wate r i n th e gull y an d t o stabiliz e gull y 

heads. 

Log chec k dam s ar e designe d i n accordanc e wit h the geometr y o f th e cros s 

section. Th e fron t an d cros s sectio n o f a  lo g chec k da m ar e presente d i n Figure s 
2 1 (a ) an d (b) . Th e following ar e the design considerations : 

The maximu m heigh t o f a  dam i s 1. 5 m  from th e ground level . 
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Figure 7.20(a ) Brushwoo d Chec k Da m 

Figure 7.20(b ) Cross-sectio n o f Brushwoo d Chec k Da m 
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Figure 7.21(a ) Lo g Chec k Da m 

Figure 7.21(b ) Cross-sectio n o f Lo g Chec k Da m 
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The length and depth o f the spillway vary between 1. 0 t o 1. 5 m  and 0.5 t o 

0.6 m . 
The lengt h o f post s used i s 1. 5 t o 2. 0 m  and thei r top end diamete r mor e 
than 8  cm. 
The ends of the logs should enter at least 50 cm into each side of the gully. 
The tops of the posts should be tied with building wire. 

(c) Loos e stone check dam 

Relatively smal l rocks ar e place d acros s the gull y so tha t the y si t properl y 
and interlock . Th e main objective s are to control water flo w and channel erosio n 
along the gully bed and to stop waterfall erosio n by stabilizing gully heads. A  loose 
stone chec k da m i s sometimes reinforce d wit h wir e acros s th e gully . Th e fron t 
view of a loose stone check dam is shown in Figure 7.22 . 

The design specifications are as follows: 
Maximum effective heigh t o f the dam is 1. 0 m , and it s foundation dept h i s 
at least 0.5 m . 

The foundation o f the dam is dug so that the length of the foundation wil l be 
more than the length of the spillway and the foundation o f the wings should 
be dug in such a  manner tha t the wings will enter a t leas t 5 0 c m into  each 
side of the gully wall. 

The crest and middle must be constructed with bigger stones than the rest of 

the dam. 

(d) Gabio n chec k dams and Masonr y check dam s 

These dam s are generally too expensive and technically too difficul t fo r smal l 

farmers t o construct . Gabio n chec k dam s constructe d t o stabiliz e a  gull y i n th e 

Scotland Distric t o f Barbado s ar e show n i n Figure s 7 . 2 3 (a ) an d (b ) an d a 

diagram o f a  masonr y chec k da m i s show n i n Figur e 7 . 2 4 . Th e technica l 

specifications are : 
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Figure 7.2 2 Loos e Ston e Chec k Da m 
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Figure 7.23(a ) Gabio n Chec k Da m 

Figure 7.23(b ) Close-u p o f Gabio n Chec k Da m 
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Figure 7.2 4 Masonr y Chec k Da m 
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Specifications for Gabion check dams 

The foundation o f the dam should be excavated to a depth equal to one-half 
the effective heigh t o f the dam and the banks should be excavated to allow 
the wings of the dam to enter at least 45 cm into each bank. 

A layer of gabion basket s is placed in the area excavated fo r the foundatio n 
baskets. Th e vertical sides of the baskets are tied with binding wire of th e 
same diameter as the wire of the baskets. 

Random rubbl e stone s har d enoug h t o withstan d abrasion , non -
disintegrating, an d resistan t t o weathering , ar e packe d insid e the baskets . 
The bigge r stone s shoul d b e pu t alon g th e side s o f th e basket s whil e th e 
smaller ones occupy the middle. 

After fillin g of the gabion baskets with stones to one-third, place five parallel 
ties betwee n thei r inne r an d oute r sides . Fiv e mor e ar e place d whe n th e 
boxes are two-thirds full. 

After overfillin g a  gabion basket slightly to allow for subsequent settlement , a 
lid is laced with binding wire to the top o f the fou r sides . Th e li d must be 
stretched to fit exactly to the sides. 

If there i s more than on e laye r o f baskets in a  gabion chec k dam, the one s 
in the upper layer must be laced to those below. 

The soil excavated for the foundation an d from the gully bed should be used 
as back fill behind the dam and wing walls. 

Specifications fo r Masonry check dams 

The dam s shoul d b e buil t a t a  stabl e poin t o f th e gull y bed jus t belo w th e 
sliding area to hold debris and materia l as well as to stop the movemen t of 
soil. 
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The foundatio n o f the da m mus t be dug to a  durabl e laye r below, suc h a s 

solid rock. I f there is no solid layer, the foundation shoul d be dug at leas t 1 
m deep, and a reinforced concret e layer at least 30 cm thick be constructed. 
On thi s concret e layer , th e body o f th e masonr y chec k da m mus t b e buil t 
with random rubble stones, and cement mortar (ratio 3:1). 

The wings should enter at least 1m into the sides of the gully and where this 
is not possible due to rocks, the wing walls should be tied to the rocks using 
mortar. 

The foundation shoul d be longer than the spillway. 

A weephole mus t be built at ground leve l and othe r weephole s buil t in that 
section of the dam under the spillway. 

The upstrea m fac e o f th e da m i s vertical , wherea s th e inclinatio n o f th e 
downstream face is 20 per cent (0.2:1). 

Stones must be piled behind the mouth of the weephole. 

The spac e behind the wings of the dam mus t be filled wit h soi l to a  heigh t 
equal to the depth of the spillway. 

The stones used in constructing masonr y check dams must be hard enoug h 
to withstand abrasion, non-disintegrating, and resistant to weathering. 

7.4 Lan d Clearin g 

Many problem s o f sever e erosio n hav e thei r genesi s a t th e tim e o f lan d 
clearing. Lan d i s usuall y cleare d b y lan d developer s fo r agricultura l an d non -
agricultural use s an d b y farmer s themselves . Lan d clearin g fo r agricultura l lan d 
development ma y be large scale by private farmers o r by the governmen t fo r lan d 
settlement programmes , o r smal l scal e by smal l privat e farmers . I n al l cases th e 
appropriate lan d clearing methods must be employed to avoid damage to the land 
and to minimize soil erosion. 
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Several factor s hav e t o b e considere d befor e choosin g lan d clearin g 
methods. Lal  an d Russel l (1981 ) hav e liste d severa l o f thes e whic h includ e lan d 
area, histor y o f lan d use, climatic conditions (in particular amount an d distributio n 
of rainfall) , vegetatio n (type , species, size and density) , socio-economic condition s 
(cost an d availabilit y o f labour) , environmenta l issue s (pollutio n potential , 
sediments), soi l conditions/propertie s (soi l type , stoniness) , topography , soi l 
management (tillag e methods and harvesting techniques), and intended land use. 

7.4.1 Methods  of  land  clearing 

The methods of land clearing can be classified a s follows: 
Manual 
Chemical (tree poisoning) 
Ring barking 
Burning 
Mechanical 

Manual lan d clearin g 

This involve s th e us e o f han d hel d mechanica l tool s e.g. . hoes , cutlass , 
spades, axes , winches and saw s and i s the metho d commonl y use d in subsistenc e 
agriculture. I t is suitable for use under the following conditions : 

small land area 
time is available 
labour is cheap and available 
topography i s too steep , rugged , we t o r rock y fo r mechanize d lan d 
clearing 
sites ar e fragil e an d coul d b e readil y damage d b y mechanize d lan d 
clearing 

soil characteristic s an d environmenta l condition s d o no t justif y larg e 
scale mechanical operations . 

With th e manua l metho d lan d ca n b e cleare d selectivel y an d ove r tim e s o 
that larg e area s o f soi l do no t remai n unprotecte d durin g th e rain y season . Th e 
cleared area s should then be plante d an d crops established befor e othe r areas are 
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cleared. O n stee p slopin g soils , trunks , branches , stem s an d othe r vegetativ e 
material can be laid on the contour across the slope as a soil conservation measur e 
as discussed in Section 7.1.3 . 

Manual land clearing is more expensive and time consuming per unit area of 
land the n mechanize d method s bu t i t i s recommended fo r Caribbea n condition s 
where small farms and steep slopes are dominant. 

Chemical method s 

Trees and bushes can be killed with the use of chemical weedkillers such as 
2, 4-D without damage to the soil. Th e amount o f chemical has to be sufficient t o 
kill the vegetatio n an d preven t regeneration . Th e hig h cos t an d unavailabilit y o f 
chemicals often mak e this method unsuitable for small farmers. 

Ring barkin g 

The removal of the bark of trees in a complete circle can result in the death 
of certain species . Sometime s chemicals are used in conjunction wit h ring barking 
to speed up the rate of kill. 

Burning 

Vegetation i s frequently burn t in the dry season before cutting the remaining 
standing material to clear the land. Thi s method can have some beneficial effect s if 
the land is left fallow for a prolonged period to allow for soil regeneration. Burnin g 
also increases the suppl y o f exchangeable base s and availabl e phosphorous . I t is 
less damaging to the soil than bulldozing but if steep slopes are to be left fallow the 
cut materia l afte r burnin g shoul d b e use d a s barrier s acros s th e slop e a s a  soi l 
conservation measure . 

Mechanized lan d clearin g 

Where large areas of land are to be cleared and labour is not cheap enough 
and availabl e i n larg e quantitie s t o complet e th e jo b quickly , mechanize d lan d 
clearing become s necessary . Th e slop e o f th e lan d mus t no t b e to o stee p t o 
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prevent th e saf e operatio n o f mechanize d equipment . Wher e the slop e i s steep, 
the chai n saw , a s a  mechanica l aid , i s used to increas e the rat e o f lan d clearing . 
The chai n sa w i s such a n effectiv e too l fo r cuttin g tree s tha t i t i s easy t o us e i t 
wantonly and consequently damage the environment. 

Where the girt h o f wood y perennial s i s not too larg e and th e slop e o f th e 
land gentle/moderate, the brush cutter o r jungle buster is effective an d can quickly 
clear the land. Th e bulldozer can be very destructive to the soil when used to push 
down large trees and uproot tree stumps. Man y soils which support tall vegetation 
are ofte n lo w in fertility . The y ma y be lo w in exchangeable bases , acid , shallo w 
and have undesirable physical properties. Whe n they are cleared by bulldozers and 
the topsoil disturbed o r removed, the remaining soi l cannot support adequate crop 
growth. Thi s has frequently le d to accelerated erosion. Car e has to be taken when 
the bulldoze r i s used. Selecte d fellin g combine d wit h soi l conservation measure s 
are required. 

The us e o f chain s fo r haulin g cu t timbe r wit h tractor s fro m th e fiel d ca n 
damage th e soil . Whe n th e lan d i s steep an d cultivatio n wil l not b e mechanize d 
most o f th e cu t timber can b e lef t i n the field t o protec t the soil . Selecte d path s 
can be used to haul the remainder of the timber to minimize soil damage. 



119 

CHAPTER 8 

INTEGRATED SOIL CONSERVATION SYSTEM S 

The precedin g chapter s provide d th e principle s an d consideration s whic h 
must be taken into  account to successfully integrat e soi l conservation int o farmin g 
systems. Thi s chapter: 

firstly, examines the experience of the Hillside Agricultural Project (HAP) of 
Jamaica where an attempt was made to involve farmer an d community 
participation in project design and implementation: and 

secondly, examines broadly the existing systems in the Caribbean where soil 
conservation ha s been integrated into farming systems ; 

Exercises whic h th e studen t o f soi l conservatio n shoul d carr y ou t usin g th e 
principles outline d i n the book to gain som e practica l experience ar e give n i n the 
Appendix. 

8.1 Hillsid e Agricultural Projec t (HAP) , Jamaic a 

The overal l goa l o f HA P i s t o increas e th e economi c well-bein g o f th e 
residents o f th e hillsid e land s in two watersheds , Ri o Minho an d Ri o Cobre , i n a 
manner that promotes rational land use patterns. 

The projec t wa s initiated i n Februar y 198 7 an d i s due to be complete d i n 
February 1994 . I t is funded b y USAID at a  cost o f US$10 million . HA P itsel f i s 
not a  project implementin g agency. I t consists of a core staff o f a Project Manage r 
and Deput y Projec t Manage r an d offic e suppor t staff . I t funds self-managin g sub -
projects (Hillsid e Agricultural Sub-Project s o r HASP) that promot e th e productio n 
and productivit y o f perennia l tre e crops . Betwee n 198 7 an d 1991 , 1 6 sub -
projects wer e approve d an d tw o were pending . Fourtee n o f th e 1 6 sub-project s 
were similar in nature and were concerned with farm improvement . Th e other two 
were a  Watershe d Inventor y sub-projec t an d a  Baselin e Stud y sub-project . Th e 
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HAP has certain define d objective s and criteria and the sub-projects hav e to satisf y 
these conditions before they are approved. 

It should be made clear that HAP was not a soil conservation projec t pe r se 
and thi s was often no t the primary objective o f a  sub-project . However , becaus e 
erosion mus t b e controlle d i f th e improvemen t o f farm s o n hillside s i s t o b e 
sustained, soi l conservatio n i s recognized a s a n importan t aspec t o f th e project . 
However HASP did not emphasize soi l conservation and this can be considered to 
be a deficiency in some cases. 

The purpos e o f the projec t i s to increase productivit y an d expan d th e are a 
of bot h export-oriente d an d domesti c perennia l crops . Thi s targeted increas e in 
agricultural productio n i s expecte d t o resul t i n a n increas e i n th e productiv e 
employment o f hillside residents and in disposable income. Th e specific goal s and 
objectives o f the sub-project s varie d and included : increasing tree crop productio n 
and farme r incomes , improvin g cro p developmen t b y introducin g improve d 
technology, controllin g soi l erosion an d lan d degradation , increasin g communit y 
participation and strengthening local institutions. 

At th e sub-projec t leve l specifi c target s o r outcome s ha d t o b e se t an d 
quantified. A n importan t consideratio n i s that th e detaile d goal s an d objective s 
should reflec t loca l specifi c needs . Al l sub-project s ha d t o lis t a  se t o f loca l 
constraints which would be addressed. Forma l detailed case assessments o f local 
constraints through farme r interviews , wal k over surveys , o r rapi d rura l appraisa l 
were to be undertaken bu t these were not frequently achieved . I n some cases, the 
major problem s commo n t o a n are a wer e assesse d throug h individual s o r 
organizations with experience o f previou s work in the area e.g . extensio n officers , 
NGOs. 

The 1 6 sub-projects approved and implemented are: 

St. Mary Cocoa Growers Support Sub-project (S-p) 
IICA/MINAG Farming Systems S-p 
Agro-Forestry Promotions S-p 
N.W. St. Catherine Coffee S- p 
UNITAS S-p 
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Upper Clarendon Processing Company 
Manchester Rural Agricultural Development Agency (RADA) S-p 
Rio Minho Cocoa Expansion S- p 

Guys Hill Coffee So p 
Blackwoods S-p 
Elgin S- p 
Windsor S- p 
Mango Top-working S- p 
Above Rocks S-p 
Watershed Inventory S-p 
Baseline Survey S-p 

The firs t 1 4 sub-project s liste d abov e ha d differen t specifi c objective s an d 
targets but they were all concerned with perennial o r tree crops . I t is not feasibl e 
to outline for each project the specific objective s and targets, and the constraints to 
production whic h the project s sought to overcome , but the general approaches t o 
project design , implementatio n an d evaluatio n promulgate d b y HA P wil l b e 
considered. Th e detai l projec t proposal s an d progres s report s ar e locate d a t th e 
HAP office . 

The key pillars to HAP strategy were: 

Community participation in all phases of the project cycle or the 'bottom-u p 
approach" 
Strengthening of local institutions 
Project implementation through a sponsoring organizatio n 
Non-monetary incentives to farmer s 
Extension service to farmer s 

Crop improvement through agronomic and cropping systems approach 
Inclusion of soil conservation in the sub-project s 
Sustainability of sub-project s 

Community Participation 

The HA P strateg y call s fo r communit y participatio n fro m th e proble m 

identification o r plannin g stage , throug h projec t design , implementation , 
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monitoring and evaluation i.e . the "bottom-up approach" in the true sense. Excep t 
for the HCA/MINAG Farming Systems sub-project, the projects have been weak in 
community participatio n i n th e firs t tw o stage s o f th e projec t cycle . Th e HA P 
proposal preparation involve s some discussion with farmers in targeted districts but 
a mor e in-dept h proces s i s required . I n man y case s thi s informatio n i s 
supplemented by information fro m NGOs and extension officers with experience in 
the area. A  preliminary needs assessment is obtained during the process. Farmer s 
and the community have not really been involved in project planning . 

There ha s howeve r bee n greate r succes s i n communit y involvemen t i n 
project implementation . Al l sub-project s hav e incorporate d thi s approac h b y 
establishing loca l management committee s (LMC) which include representatives of 
local farme r organization s an d othe r communit y representatives . Th e Farme r 
Action Committe e Tea m (FACT ) o f th e IICA/MINA G sub-projec t i s th e bes t 
example o f farme r mobilisatio n an d communit y participatio n i n HAP. (Thi s was 
discussed in Chapter 3  Volume I.) FAC T has functioned i n all stages of the projec t 
cycle an d shoul d b e adopte d b y othe r sub-projects . Apar t fro m FACT , 
communities o f othe r project s hav e no t participate d i n projec t monitorin g an d 
evaluation. Th e strateg y therefor e need s to b e implemented mor e full y i f i t i s to 
achieve the objective of project adoption and sustainability . 

An alternativ e t o th e FAC T strateg y i s to us e existin g loca l organization s 
that are functioning efficientl y e.g . cooperatives, select Jamaica Agricultural Society 
(JAS) branches . I n som e case s thes e ma y nee d strengthenin g t o improv e thei r 
effectiveness. 

Strengthening Local  Institutions 

One o f th e aim s o f th e HA P i s t o strengthe n th e capacit y o f loca l 
community organizations , such as JAS branches, Coffee an d Cocoa Cooperatives , 
and youth organizations, to initiate and implement projects . Thi s would encourage 
farmer participatio n i n projec t implementatio n an d ensur e sustainability . Th e 
success depends o n th e presenc e o f existin g functionin g organization s which ca n 
benefit fro m the sub-project. Thi s is not always the case. 
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Sponsoring Organizations  or  Implementing  Agencies 

The implementation o f sub-project s through permanen t organization s with 
suitable experience has the advantage of permanence as regards future institutiona l 
support. Organization s hav e differen t strengths , resources , capabilitie s an d 
effectiveness. Thes e mus t be carefully assesse d i n relation t o the requirement s of 
the project and the capacity of the organization to deliver efficiently . 

Non-monetary Incentives 

For sustainability, the project does not offer cas h incentives or cash subsidies 
for soi l conservation becaus e farmers come to depend o n cash suppor t an d neve r 
take full responsibility fo r soi l conservation. Th e experience o f the HAP has been 
that soil conservation declines or ceases with the removal of subsidies. 

Extension Service  to  Farmers 

Similar extensio n approache s ar e use d b y th e sub-projects . Distric t 
meetings ar e hel d to infor m far m familie s o f the assistance t o b e provided b y the 
sub-project an d t o distribut e applications . Th e application s ar e reviewe d b y th e 
Local Management Committee and the farms are visited by the staff t o decide if the 
farmers qualify fo r participation . 

Training session s are hel d by way for fiel d days , seminars , demonstration s 
and workshops . Fiel d visits are th e primar y metho d use d t o ensur e tha t farmer s 
utilise the appropriate cultural methods and soil conservation practices . Th e Socio -
economic Impac t Stud y reveale d tha t 92 % of al l respondents wer e visited . Th e 
demonstration plot s o n farmers ' field s ar e th e focu s o f th e trainin g day s whic h 
provide th e mechanis m fo r farmer s bot h withi n an d outsid e th e sub-project s t o 
learn th e particula r productio n technology . Th e demonstratio n plo t wa s a n 
important extensio n methodolog y bu t i t di d no t cove r al l th e technique s tha t 
needed to be demonstrated. Fertilize r application, prunin g and plan t spacing were 
the main practices demonstrated. Thi s may be because cocoa and coffee wer e the 
primary focu s an d th e extensio n messag e see m t o b e th e promotio n o f th e 
practices recommended by the Cocoa and Coffee Boards . 
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The repor t o n the Comparative Analysis of the Hillside Agricultural Projec t 
and Sub-Project s b y th e Caribbea n Agricultura l Communication s Service s Lt d 
(CACS) revealed tha t soi l conservation technique s receive d th e leas t attentio n o f 
the five primary extension messages promoted by the sub-projects. O n average a 
third o f th e farmer s receive d som e instructio n i n soi l conservation . Th e Abov e 
Rocks sub-project was the lowest with only 10% receiving soil conservation advice . 
According to the farmers, the most effective extensio n approach was the extension 
worker visits (49%); field days next (17%); group meetings (9%); and demonstratio n 
plots last with 3%. Abou t a quarter (23%) felt that they were all equally important . 

The extension servic e was rated a s good by 80% of the respondents while 
the remainder fel t that there needs to be better communications. 

Agronomic Approach/Cropping  Systems  Approach/ 
Soil Conservation 

The HAP's concept i s that the most suitable form o f development fo r smal l 
holder hillsid e agricultur e i s a  perennia l cro p regim e incorporatin g soun d 
conservation practices . Th e perennia l crop s were mainl y cocoa , coffee , forestr y 
species and other tree crops (e.g. coconut, mango, avocado). 

The agronomic approaches were concerned mainl y with planting new trees 
to adjus t o r increas e previousl y lo w plan t population s an d wit h rehabilitatio n b y 
pruning fertilizatio n an d shad e control . Generally , i t represente d th e 
implementation o f th e packag e o f practice s recommende d b y th e commodit y 
boards, and tested over many years. 

Cropping system s include d th e us e o f banana , plantains , roo t crops , 
legumes and vegetables. Man y were associated with cocoa and coffee whic h were 
frequently th e mai n crops . Th e improvemen t i n th e performanc e o f th e mino r 
crops wa s no t monitore d an d therefor e conclusio n o n th e effectivenes s o f th e 
project o n these crops could not be drawn. 

Specific attempt s t o addres s soi l conservation wer e no t commo n i n coco a 
fields. Ther e were very few gully plugs/check dams, hillside ditches, barriers. Th e 
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principle applie d wa s tha t th e establishmen t o r presenc e o f tree s addresse d th e 
high priority placed on soil conservation by most sub-projects . 

There was , however , sensitivit y t o th e greate r nee d fo r imposin g soi l 
conservation practice s fo r coffee , wher e lea f accumulations  di d no t paralle l th e 
cocoa situation . Ther e wa s a widesprea d occurrenc e o f contou r grass , ston e o r 
bush barriers, as part of the cultivation system. Th e imposition of minimum tillage, 
strip cropping and mulches were emphasised on demonstration plots . 

The sub-projects which have emphasised agroforestry , nurser y developmen t 
with yout h participation , integratio n o f frui t tre e developmen t wit h processing , 
mango top-working to convert non-commercia l mangoes into exportable varieties, 
are commendabl e bu t th e technica l competence , managemen t o n a  continuin g 
basis, and marketing are not always in place and have to be given serious attention 
for sustainability of the activity. 

8.2 Existin g integrate d soi l conservation system s i n the Caribbea n 

In the Caribbea n man y different mixe d cropping o r mixed farming system s 
exist. Th e systems are usually designed specifically fo r economic reasons but some 
are associate d wit h specifi c agronomi c o r lan d managemen t practice s fo r th e 
purpose o f soi l conservation . Th e existin g farmin g system s hav e no t bee n full y 
assessed economicall y an d technologically . Th e Caribbea n Agricultura l Researc h 
and Developmen t Institut e (CARDI ) attempte d t o addres s th e improvemen t o f 
agricultural productio n an d productivit y through a  Farmin g System s Research an d 
Development (FSRD ) Project . A  majo r objectiv e wa s t o improv e th e system s 
employed b y farmer s throug h th e incorporatio n an d integratio n o f appropriat e 
technologies in the systems. 

Consideration i s given here to the systems on hillsides which can be 
grouped as follows: 

Monocropping o f tree crops 
Systems based on tree crops 
Systems based on banana 
Systems without tree crops 
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Monocropping of  tree  crops 

Pure stands of cocoa, citrus, coconuts, forest specie s and, to a lesser extent , 
fruit tree s ar e th e mai n tre e crop s cultivated . Gras s i s ofte n associate d wit h 
coconuts fo r grazin g o f livestock . Thes e tree crops stabilize the soil , especially if 
leaf litte r is present or allowed to accumulate. Thi s system effectively conserve s the 
soil on all classes of slope against erosion. Smal l and large livestock are sometimes 
introduced int o th e system . Larg e stoc k (cattle ) can damag e th e soi l in the we t 
season an d increas e erosion . Therefor e th e numbers and the system hav e to th e 
carefully managed . 

Systems based  on  tree  crops 

The dominan t tre e crop ma y be cocoa , citrus , spices , coconuts and coffe e 
(at higher attitudes). Th e farmer the n chooses from a  multiplicity of cash and foo d 
crops such as vines, bushes and ground crops for filling appropriat e spaces . Th e 
times o f plantin g an d harvestin g ar e suc h tha t th e groun d i s always covere d o r 
occupied by crops, and consequently is ver y effective i n conserving the soil against 
erosion. Th e rando m distributio n o f th e cro p mi x prohibit s mechanization . I f 
inorganic fertilizer s ar e used these are applied to individual crops in relation to the 
time of planting. 

If the tree crop is not sufficiently dominan t to prevent the soil from eroding , 
log or trash barriers are used to reduce erosion. 

Systems based  on  banana 

Banana ma y b e grown a s the dominan t cro p wit h a  tre e cro p (e.g . citrus, 
coconut) and/o r on e o r mor e cas h o r foo d crop s a s intercrop . Th e favourabl e 
price o f bananas ove r recen t year s has led to the gradua l replacement o f the tre e 
crop whic h ma y hav e bee n th e dominan t cro p t o th e poin t wher e banan a i s 
dominant or exists as pure stand. I n these systems the ground is always covered or 
largely covered by a crop or is associated with contour drains or barriers to reduce 
erosion. 
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Systems without  tree  crops 

A random or systematic mix of several cash or food crops is common. Th e 
farmer ma y choos e a s man y a s si x to te n differen t crop s i n hi s mi x mainl y t o 
spread hi s risk and income distribution . Th e mix of crops i s generally randomly 
distributed and serves , incidentally , t o ensure that the ground is always partly or 
completely covered by a crop and to reduce the spread of disease. Sometime s one 
of the crops (e.g. pigeon pea, yam, pineapple) is grown at intervals on the contour 
and th e othe r crop s occup y th e space s betwee n thes e contou r crop s wit h o r 
without vegetative or trash mulching. 
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CONCLUSIONS 

Soil erosio n i s a  seriou s proble m i n th e Caribbean . Severa l effort s hav e 

been mad e and continu e to be made to reduce or minimize soi l erosion bu t i t has 

been recognise d tha t historicall y farmer s d o no t ofte n adop t soi l conservatio n 

methods o n thei r ow n volitio n o r eve n whe n th e method s ar e demonstrate d t o 

them. Thi s failure ha s been du e to the use of soi l conservation method s tha t ar e 

not appropriate to the physical , social and economic environment. Therefore , th e 

social context and methods of extension are critical. 

In the Caribbea n mos t o f th e farmer s o n hillside s are resource-poo r smal l 

farmers wh o do not have a soil conservation culture , and who have limited forma l 

education an d training . Therefore , th e method s o f soi l conservatio n mus t b e 

simple, inexpensive and must preferably give an economic benefit quickl y and must 

not compete seriously for scarce labour. I n the past the focus has been on physica l 

or engineerin g method s bu t adoptio n o f thes e method s ha s bee n limited . A 

different approac h i s therefore needed . Ther e ar e man y practice s which ar e no t 

normally associate d wit h soi l conservation bu t which ca n reduc e erosion . I n this 

regard the agronomic or biological methods are very important. 

The two volumes of this book have considered the institutional, sociologica l 

and technica l factor s whic h ar e necessar y fo r th e successfu l implementatio n an d 

adoption o f soi l conservation  projects . Experienc e i n th e Caribbea n ha s show n 

that the following factor s are essential: 

strong institutional base to promote soil conservation; 

enforcement o f existing relevant legislation ; 
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active, knowledgeable and adequate numbers o f extension worker s with 

good communication skills; 

identification o f critical behavioural factors at the projec t desig n stage to 

ensure that changes are sustained; 

early identificatio n o f farmer s wit h th e projec t (fro m th e desig n stage ) 

and activ e involvemen t throughou t th e projec t i.e . th e bottom-u p 

approach; 

identification an d involvemen t o f communit y leader s i n bringin g abou t 

change; 

public awareness and education; 

proven inexpensive or cost effective technologies . 

The institutiona l and sociologica l factor s hav e been considere d i n Volume I 

while Volum e I I ha s concentrate d o n th e technica l requirements . Th e secon d 

volume ha s emphasise d tha t agronomi c o r biologica l method s whic h ca n b e 

integrated int o th e farmin g syste m ar e mor e cos t effectiv e tha n physica l o r 

engineering method s an d mor e readil y adopte d b y farmers . Sinc e gullie s ar e 

common problem s o n farm s locate d o n hillsides , appropriat e method s fo r thei r 

control ar e give n prominence . Th e method s o f contro l inevitabl y involv e som e 

simple engineerin g technique s bu t th e method s presente d ar e simple , an d 

sufficient informatio n i s given to be of practical benefit . 

It is hoped tha t thi s approach o f integratin g soi l conservation int o farmin g 

systems woul d b e widel y appreciate d an d adopte d an d tha t thi s boo k woul d 

contribute to this process. 
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APPENDIX 

STUDENT CASE STUDY EXERCISES 

The following exercises are given so that the student of soil conservation can 
gain experienc e i n designin g programme s o f soi l conservation activitie s a s cas e 
studies. Th e case studies should take into consideration th e principle s outlined in 
the book and the socio-economic context of the Caribbean. 

Project Profile 

A soil conservation programm e is to be developed in a project area with the 
following features : 

Area: 18km 2 

Terrain: Hill y with varying slopes including steep slopes; 

large number of gullies and ravines. 

Soils: Tw o major soi l types. 

(1) loos e erodible, shallow or shallow and 
bouldery in places; 

(2) loos e friable erodible , deep profil e 

Present Croppin g 

High percentage of cocoa and coffe e 

Banana 
Some food crop s 
Few scattered fruit tree s 
Forest trees 
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Farm Sizes 

Small farms 0.5 - 5 hectares 

Tenure 

(1) Owne r occupied (2 ) Shor t term leases 

Constraints: lo w yield of crops because of low technology; 
low or no use of suitable fertilisers; high 
incidence of disease; low crop husbandry. 

Specific Objectives: 

Increase productivity of farms 

Increase farmers' income 

Improve land-use practices, particularly 
the adoption of appropriate sustainable 
soil conservation methods 

Strengthen producers organizations 

Strengthen extension services 
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Soil conservatio n practice s ar e t o b e develope d fo r th e followin g far m 
situations: 

No 

1 

2 

3 

4 

5 

6 

. Far m Size 

Small 

Large 

Medium 

Small 

Large 

Medium 

Slope 

G/M 

S 

S 

S 

S 

G/M 

Gullies/ 
Ravines 

Small 

Large 

None 

Small 

Small 

Moderate 

Cropping 

Banana an d 
Food Crops 

Cocoa, Coffee , 
Food Crops 
Free choice 

Coffee 

Food Crops , 
Fruit Trees , 
Banana 

Vegetables, 
Banana, Cocoa 

Tenure 

Lease 

Owner 

Lease 

Lease 

Lease 

Owner 

Soil 

1 

2 

1 

2 

1 

2 
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Soil conservatio n practice s ar e t o b e develope d fo r th e followin g far m 
situations: 

No. Far m Size 

7 Smal l 

8 Larg e 

9 Mediu m 

10 Smal l 

11 Larg e 

12 Mediu m 

Slope 

G/M 

G/M 

S 

S 

G/M 

S 

Gullies/ 
Ravines 

Large 

Small 

Small 

None 

Moderate 

Large 

Cropping 

Vegetables, 

Vegetables, 
Banana, Tre e 
Crops 

Cocoa, Foo d 
Crops 

Vegetables, 
Banana, Foo d 
Crops 

Free choice 

Vegetable, Tree 
Crops 

Tenure Soi l 

Owner 

Owner 

Lease 

Owner 

Owner 

Owner 

2 

2 

1 

2 

2 

1 

Farm Sizes 
Small 
Medium 
Large 

0.5 -1.5 h a 
1.5 - 3.0 ha 
3.0 - 5.0 + 

Slopes 
G 
M 
S 

gentle 
moderate 
steep 
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Reports of the consultants on Legislation 

Reports of the consultants on Land Use and Watershed Managemen t 
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