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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. 
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