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♦♦ SAVANNAS OF COLOMBIASAVANNAS OF COLOMBIA
•• The Latin America savannas occupy about 250 million ha (50% of the world’s savanna

areas). 
•• The Eastern Plains of Colombia cover an area of about 17 million hectares.
•• The Altillanura (flat savannas) occupies 3.5 million hectares. 
•• The soils are mostly acid, with high aluminum saturation, dominated by kaolinite (1:1), have

very low cation exchange capacity and very low base saturation.
♦♦ MAJOR SOIL CONSTRAINTS FOR CROP  PRODUCTIONMAJOR SOIL CONSTRAINTS FOR CROP  PRODUCTION

For agricultural production these soils have the following limitations:
•• Are very shallow, A horizon is of 10 to 20 cm thickness
•• Have low rates of water infiltration (Photo 1)
•• Are susceptible to the erosion and prone to surface sealing (Photo 2)
•• They are hard and not easily penetrated by roots
•• Have low aeration capacity
•• Are very infertile

Photo 1. Low infiltration Photo 1. Low infiltration Photo 2. Soil sealing Photo 2. Soil sealing 

♦♦ SOLUTION TO OVERCOME THESE CONSTRAINTS IS TO    BUILD UP AN SOLUTION TO OVERCOME THESE CONSTRAINTS IS TO    BUILD UP AN 
““ARABLE LAYERARABLE LAYER””
To make these soils productive and to avoid degradation, it is necessary to develop an
“arable layer”. Arable layer, is a top soil layer built-up by farmer to overcome the physical, 
chemical and biological constraints and to form a rich, productive and sustainable soil in 
such a way that it is possible in the future to establish in it, a sustainable agricultural
production system, that is economically and environmentally friendly.
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ToTo buildbuild--up up anan ““arable arable layerlayer”” thethe followingfollowing actionsactions are are neededneeded::
•• Evaluate the physical, chemical and biological constraints of the soil to a depth of 40 - 50 

cm.
•• Based on these evaluations plan the soil and crop management practices needed to improve

the soil to desirable conditions and depths.
•• Vertical tillage with chisels is needed to improve the physical condition, applications of lime 

and fertilizers to improve the soil chemical conditions and use of tropical forage grasses
that are genetically adapted to low fertility acid soil conditions to invade the soil with
strong and abundant roots that will improve the biological conditions.

♦♦ EXPERIMENTAL RESULTS OBTAINEDEXPERIMENTAL RESULTS OBTAINED

•• Reduction of the bulk density (Table 1)
A) Soil Physical    propertiesA) Soil Physical    properties
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TableTable 1. 1. BulkBulk densitydensity ((MgMg mm--33) ) andand total total porosityporosity (%) (%) accordingaccording toto thethe depthdepth ofof soilsoil

Pp: Pueraria Phaseoloides; Do: Desmodium ovalifolium
Values followed by the same letter in each column are not significantly different (P<0.05)

•• Increase of total porosity
•• Reduction in mechanical resistance of the soil to penetration by roots (Figure 1)
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•• Improvement in water storage capacity and nutrient content, which favors the capacity
for rooting of forage grasses (Photos 3 and 4)

TableTable 2. 2. ChangesChanges in in thethe availabilityavailability ofof nutrientsnutrients atat
differentdifferent depthsdepths afterafter buildbuild up up ofof anan arable arable layerlayer..
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B)B) ChemicalChemical propertiesproperties::
•• The application of lime and fertilizers improved the

availability of nutrients at different depths and
reduced the Al toxicity (Table 2)

•• The availability of the phosphorus was improved.
C)C) BiologicalBiological propertiesproperties::
•• The improvement of the physical and chemical

properties facilitated development of vigorous root
growth thereby increasing the soil biological
activity.

D) D) TheThe yieldsyields
•• There was a strongly increase of maize yields

(Figure 2)
•• The improvement of the physical, chemical and

biological conditions facilitates the development of
roots of maize (Photo 5)

E) E) RootRoot developmentdevelopment
•• Good relation ships were found between depth of

rooting (Photo 5) and yields of maize, which
indicates that as the soil is improved, maize yields
will improve (Figure 3)
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Figure 3. Figure 3. YieldsYields vsvs rootingrooting depthdepth

F) F) EconomicEconomic analysisanalysis

Internal
Return rate (%)

57.46853

37.45312

19.91171

Net present
value (US$/ ha)

Indicators of economic
Profitability *

System

*Period of evaluation: 10 years
SystemSystem 1: 1: YearYear 1 (Rice/1 (Rice/RiceRice) + ) + YearYear 2 (2 (MaizeMaize//milletmillet + + legumelegume) + ) + YearYear 3 (3 (MaizeMaize))
SystemSystem 2: 2: YearYear 1 (Rice/1 (Rice/GrassGrass) +  ) +  YearYear 2 (2 (MaizeMaize//soybeansoybean) + ) + YearYear 3 (3 (MaizeMaize))
SystemSystem 3: 3: YearYear 1 (Rice + 1 (Rice + GrassGrass + + LegumeLegume) + ) + YearYear 2 (2 (MaizeMaize//milletmillet + + legumelegume) + ) + YearYear 3 (3 (MaizeMaize))

TableTable 3. 3. ProfitabilityProfitability ofof threethree alternativesalternatives forfor
thethe buildingbuilding--up up ofof anan arable arable layerlayer in in ColombianColombian
savannassavannas •• Three alternatives were considered in the

construction of an arable layer in the Altillanura. 
They were very attractive from the economic point
of view (Table 3)

•• The present values in the three options were
positive and the internal rate of return was higher
than the real interest rate (16%)

♦♦ CONCLUSIONS   CONCLUSIONS   
•• The development of an arable layer shows the interdependence of the biotic and abiotic

components of the soil and it promotes their mutual interaction.
•• The building an arable layer is a key strategy to improve food security and environmental

sustainability in the tropics, particularly on infertile soils. 
•• For the “arable layer” concept to be widely adopted, more attention needs to be given to

the driving forces behind farmer decision-making and the existing policies for
intensifying agriculture on infertile savanna lands.
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