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clear picture of the land 
resource base of a rc-
gion is fundamental for 

an appreciation of its potential andproblems. This is particularly importantin the case of Amazonia, which accord-
ing to the FAO-UNESCO Soil Map of the
World (1975), the Projeto Radambrasil 
(1972-1978) studies and others, has c7-
tensive areas of very poor soils. Further,
there is a legacy of conflicting literature 
concerning the region. Many authors
consider its soi; incapable of sustaining
agriculture or livestock production after
the primary vegetation is removed
(Setser, J967; Reis, 1972; Tosi, 1974;
Budowski, 1976; Irion, 1978; Goodland 
et al., 1978), and just as many present
an optimistic future for agriculture
(Sanchez, 1977; Alvim, 1978; Serra-o et 
al., 1979; Toledo and Morales, 1979). 

In recent years thcaaount of climatic, landscape, vegeta-
tn and soil information on Amazoniahas increased subtantially, and the
advent of satellite and radar imagery 
enable,, this information to be collated
 
in 
 an accurate geographical Ca . (In
rees) Spored by Coane NaineandPrees) sponsored by CIAT ** alud NationalAgencies *** facilitates th2 evaluationof available information by computeriza-

tion. The purpose of this paper is to
highlight some of the findings from 

that study, and overview advances inunderstanding the principles of manag-
ing Amazonian land resources. 

METtODOLOGY 

The methodology used
by Cochrane etr at, is modeled on the
land systems approach successfully de-
velopcd by Christian and Stewart (1953)
in assessing the land resources of
Northern Australia. it reduces informa-
tion to a common base, redefining land 
systems as repet:!ivc patterns of climate,
lndscape and soils. These are delineated
directly onto satellite imagery, taking ad-
vantage of radar imagery and following
field work and climatic analyses. Vege-
tation and soils are separately described 
and coded according to their occurrence 
on landscape facets that follow the prin-
cipal topographic sequences within theland systems. The information is com-

puterized to facilitate speedy analysis and
thematic map production (Cochrane

et al., 197); Cochrane, 19FO). 

ILE LAND RESOURCES 

Poorly drained lands 
Figure 1 is a computer

produced map which summarizes drain-
age and I-pographic data. This infor-

I ~rrados of MDRAPA. 

mation, together with soil classificationis put into numerical context in Table
I for the Amazon region, which is defin. 

ed for convenience as lyingcovers between the484 million hectares.49 North and The map129 South parallels; it 
illustrates the fact that about 23 percent
of the area has either poorly drained
soils or lands subject to periodic flood.
ing. The largest single extension of the
former is found in the northwest; lands
subject to flooding (termed "varzeas" 
in Brazil), are found along most of the
rivers forming the extensive Amazon
river watershed. The vast area of Poorly
drained forested lands provides a na.
tural deterrent to development. On the
other hand, it is interesting to nco t that
the minor areas of poorly drained sa­
vannas have been preferred since co­
lonial times for cattle raising. 

Vegetation and climate 

Vegetation throughout

Amazonia 
 ranges from Tropical Rain 
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TABLE I
 
b-)th well drainedForests to Savannas on 

and poorly drained soils. The physi- DISTRIBUTION OF SOILS IN AMAZONIA 
ognomic vegetation classes of the well 

soils of Figure 2 are related to
drained Drainage and Topography 
total wet season potential evapotranspira- Subregion Soils 

tionregimes, and information on their 
Poorly drained Well drained 

dry season lengths and temperature re-
<8% 8-30% > 30%


Orders

gimes is also recorded. Table II details 

sets for stations lo­
,meteorological data 

studyvegetation subregions. ThMecated in the 
to the computerized 

climatic input 
18.0 7.0 

was independently carried out by G. H. Tropical Oxisol 44.7 
0.111.3 34.0 3.0Ultisol
Hargreaves and his Utah State Uni- Rain 

2.0 3.8 
yard- Forest Entisol 24.0 2.7 

versity group, who used constant 
Alfisolsticks for describing meteorological data 0.2 

0.2Inceptisol 4.2 3.2 0.9 
throughout the regiun. Comparable me-


teorological data sets were compiled for Spodosol 8.4 
1.2 0.1
Mollisol 0.6 1.4 

over 1000 stations from Central and 
ct al., 1979). Vertisol 0.5 

South America (Hancock 

As found by Cochrane Total: 171.5
Total:_171.5
 

and Jones (1981), natural vegetation 


patterns on well drained soils can best 
of totalbe discriminated on the basis 

Semi- 10.8
potential evapotranspiration. 0.9 81.7 42.2 

wet season Oxisolent of the Evergreen 4.2
This is a proxy measu. 7.3 56.4 21.2 

Ultisol use for Seasonal 0.7energy plants can 24.8 6.7 0.2 
amoant of Entisol 
growth, assuming that there is insuf- Forest Inceptisol 6.0 

water during the dry context,
ficient soil Spodsol 6.0 

In this context,for significant growth. Spodosol 2.1 
that a new equation 0.3 0.1it might be noted Mollisol 

osmotic potentials recently 272.0to calculate Total: 

(1983; 1984),
published by Cochrane 


would imply that there is a unityiiq mo­
1.2

lecular mechanism of water movements 16.8 3.7
Oxisol 


throughout biological tissues including Well 1.1 0.1

Ultisol can bc in- Drained

plants. As evapotranspiration 0.9Entisol 
a means of accelerating Savannas, 06terpreted as 

there would appear to Isohyperthermic Inceptisol 
movements,these Total: 24.4
 

be a sound theoretical basis for this 

finding.
 

The close relationship to the Oxisol and Ultisol Orders.

These soils belong mainlyNote: 

usable solar energy and natural Wellbetween 
more Drainedvegetation would indicate a much 

Savannas,
stable climate-veetationi relationship 

than inferred by many past workers. It Isothermic
 

Total: 2.5would imply that unless substantial cli-any fragility in the 
occur,matic changes 


sense of cleared fore.;t lands not revert­

ing back to forests if left alone, would 2.3
 
Ultisol2probably be confined to the transitional Poorly Entisol 6.8
 

and savannas. In Drained 

areas between forests 0.9lnceptisolSavannas

practice, as emphasized by Ilecht (1979), Total___ _ 10.9 
the major problem of clearing forests for 

Total: 13.3
 
pasture establishment is forest regrowth. 


The scale of Figure 2
 
does not permit the subdivision of the Grand Total: 483.7
 

areas ofvegetation classes to i ientify 
gro th or vice-versa. more luxurious 

conditions,However, it is clear that soil 
particularly variations in water holding et al., 1978). Consequently, it is neces­

total wet season potential
innate fertility conditioom marginalcapacities and to examine soil conditions in detail. 

root growth, influcnce the evapotranspiration for forest growth. In sary 
that affect 

natural vegetation. The Campiias (low a converse sense, on the central plateaut
 

sand), of Brasil, forest formations are found in distribution
Vegetation, over infertle white 
by Schubart a characteristically savanna region but 

1s a case in point, as noted Table I indicates that 
only growing on superior soils mainly de-

3,d Salati (1982); they are found in 
Amazonian lands have relativel' 

there is a rived from limestones (Garcia de Freitas most
wherenorthern Amazonia 
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.4 

easy topography, tie Andean pediments 
excepted. This voul.d suggest tha:t ero!ion
hazard need not be a limitation to de-
clearing is confined to the relatively flat 

surfaces, aund colonizationi is avoided Onl 
the Andean pedinents. U ifort unately,in tile Chapare river regionm of Blolivia.as 

forest clearing on the pediments can
result in serious erosion and agravate 

flooding of dovnstream areas. 

The distribution of soilsis suniarized in Fiuue 3, a computer 
map of soil Orders the highest category 
of the United States l)epartrlent of
Agriculture's Soil Taxonomy System
(1975). Taile I provides additional 
statistical data. Table III swllmarizes
analytical data froni some typical Anna-
of the soils classifv as Oxisols and 

Ultisols, and at lesser 2. percent as 
Spodosols. In thic 2 Orders,' leaclet! acid 
mineral soils predo,,ioate. 

Icached, acid mineral soiLs 

Oxisols aie Aniazonia's 
most extensive soils. They are characteriz-
ed by a suhsurface horizon hiigh in 
sesquioxides. Well drained Oxiso!s, also 
known as Ferralsols in the FAO Clas-
sification Systen (1971) and latosols in 

found in all the vegetationsub-regions under both native and cleared 
vegetation. Well granulated clays pre-
dominate, hut with disproportionately
low water holding capacities. Never-
theless their physic;,l properties are ge­nerally satisfactory. Oi the other hanl, 
as may be seen froni Table 111,their
 
chemical properties are often poor. They

have low pil levels, poor ion exchangeproperties and high aluiinitin levels-
While phosphorus is tisuallys not tixed 
under forest conditions, the levels are 
altmost universally low. Sulphur, potas-
sitnm. calcium, magnesium and trace 
elements especially zinc, are often po-

tentially deficient. 


Ultisols. known as
Orthic Acrisols and Red Yellow Pod-
zolics in other classification systems, 
are also extensive. bttt a higher pro-
portion are foun in poorly rained 
lands. The well drained Ultisols have
less favorable physical properties than 

craein clycnetwith depth, which 
reasei clay content wSpodosols 

Oxisols due to their characteristic in-

separate these soils from tileOxisols. 
However, their fertility levels are rough-
ly comparable. 

Oxisols and Ultisols 
are often cited as presenting a laterite
hazard; the 
irreversible transformation
of soft plinthite to hard laterite on 
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I'igore 1 A compitier maip identifying draiinage and topographic ctasses. 

drVing, t-lowever, the extent of these extensive area is located in the head­soils witi pIimltlite, and only illthe waters of Negro river,the and largelysubsoil, is linlited to three Great accounts for the color of this river, asGroup subclasses. tile Plinthaquox, waters leaching through Spodosols re-Plinthaquillt and tho Ptinthudult, which move organic acids. They are extremelyaccount for less Ihan 4 percent of infertile and best left in their natural
Amazonia ICoehrane and Sanchez, state. 
19X2). Further, as most of these soils 
are found in low-lying poorly drained
positions iithe la dscape, it is difficult Well drained fertile soilsto visualize a ,tentria of artificial O nly six percentdrainage followe byh 

of
topsoil removal, Amazonia has wei, drained, fertilewhich would enable the subsoils

dry-out suilficieiitlv to soils. These are limited largely to thefor la:terite for- Alfisol, Inceptisol and Entisol (some 
mat on. allvial soils) Orders, and minor areas 

also knownas Podols, Grotind-water of Mo!lisols and Vertisols. Table III hasPodzols and examples of an Alfisol (Terra Roxa(iiultTropical Podzols are derived Estruturada), and a fertile alluvial soil.from coarse sandv materials, and are Invariably, such soils form 'I superior 
"ell doc-umented in the literature soil forming materials, and usually(Klinge, 1965, 1967; and many otheis), combine good physical propertiesperhaps di5pIoporiionately with 
lation to their lesser so in re- high native fertility. Where they occuraereal extent. An successful agriculture can be developed 
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with considerably less skillful manage­
ment than required for intrinsically in-
frtile soils. In spite of their small total 
percen 	 ge area, they stil! cover 31 mil-
lion 	 hectares of terrain, and provide a 
safe option for expanding agricultural 

fronticlt in Amazonia. 

Advances in Soil Fertility Mantagemeut 

Table 	 IV indicates that 
the 	 common problems in Amazonian 

soils are low phosphorus levels, very 
high aluminium saturation, and low po-
tassium, calcium and magnesium levels. 
Cation exchange capacities are also very 
low. There is sonic experimental evidence 
that sulphur is in pool supply in some 
soils (Wang et al., 1976), and zinc de-
ficiency symptonis are occasionallh seen 
in crops. Soils with equivalent analyses__ 
are described for both forest and savanna 
soils (Radambrasil, 1972-1978). Ni­
trogen deficiencies are, of course, anit-
biquitous problem. 

Phosphorus 

Supplemental phospho­
rus is clearly necessary for effective 
production on the majority of Amazonian 
soils. Recent advances in phosphorus 
manag.ment as indicated by Fenster and 
Leon (!978, 1979), shows that many 
natural phosphate rock deposits in 
Central South America can be used ef-
fectively either as pure ground rock 
phosphorus or as partially acidulated 
rock phosphates. Phosphorus prepared 
in these forms is much cheaper than the 
more soluble single and triple super-
phosphates, and in many circumstances, 
the cost of correcting phosphorus de­
ficiencies may be significantly reduced. 

Aluminum toxicity 

Limi. is the traditional 
means of overcoming aluminum de-
ficiency. However, past recomme-
dations based on the equation develop-
ed by Mohr (1960) and popularized by 

Kamprath (1970), result in large doses 
of lime well in excess of actual needs 

(Spain, 1976). This problem has re-
Cently been solved by Cochrane et al.. 
(1980), who developed an equation that 
takes into account the tolerance of 
crops to aluminum, and the exchangea-
hle base levels in soils. Consequently. 
liming recommendations are now usual-
lY only a small fraction of those 
formerly deemed necessary. 
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WeltPoorly draineddrained Savannas.2.2. 	 Sawannas. 
°IWPE* 901-1060 mm, 6-8 months wet season. 
Note: Between the 40 North and 120 South parallels these are mainly isohyperthermic 

Savannas with WSMT"*>23.5° C. The majority of the Centrd higland 
Savannas and Southern Savannas are isothermic with WSMT < 23.50 C. 

7. 	 Ttopical Semi-evergreen Seasonal Forest. 
"IWPE 1061 - 1300 m, 8-9 months wet season, WSMT >23.50 C.

6. 	 Tropical Rain Forest.
 
TWPFT > 1.300 am, > 9 wonths wet season, \VSMT > 23.50 C.
 

8. 	 Tropical Deciduous and Semi-deciduous forest. 
9. 	 Caatinga.
0. 	 Other vegetation classes.*Total wet season potential evapotranspiration.
 

**Vet season mean temperatuies.
 

Figure 	 2. A Computer map of vegetatioa classes which relate to total evapotranspiration 
regimes. 

Variable charge characteristics which varies according to soil chemical 
and leaching 	 conditions. 

This sntaton facilitates 
In spite of their serious chemical manipulation. The leaching of 

problems, certain common principles are calcium down into calcium deficient 

emerging, and substantial practical ad- subsoils in order to cncoUrage root 
vances have taken place in managing growth as recorded by Ritchie et al., 
the fertility of leached, aci(l mineral (1980), provides a practical example. 
soils. Many recent studies including those The observation ihat 1ie solubility of 
suimmarized by Ratikin and Churchusan calcium in water solution may be in­
(1981), emphasize their very low ex- creased by introducittg chloride ions its 
change capacities and vatiable chat rge recorded by Van Beck and -Holt(1973), 
characteristics. In other words, althsough would stuggct thatt there are promising 
these soils have a poor ability to retain ways of controlling the rate of move­
plant nutrients, they have an ability to mc:i 'if calc ium and other nutrient ions 
retain both nutrient cations and anions, down tile soil profile. 
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TABLE II 

OF THE AMAZON.*VEGETATION SUBREGIONSSETS OF SITES LOCATED IN THE MAJORCLIMATIC DATA 

Subregion Tropical rain forest 

CRUZ DO SUL, AC, BRAZIL. LAT. 70 38'S ILONG. 720 40'W 170 M 

Sep; Oci Nov Dec Annual
Mar Apr MaY Jun Jul AugJan Feb 

23.8 24.5 24.6 24.7 24.6 24.224.1 22.9Mean Tcmp 1 24.4 24.6 24.4 24.2 23.4 

80. 73. 74. 77. 89. 94. 87. 96. 86.
92. 89.McanR.H. 2 92. 92, 

56. 53. 36. 28. 40. 23. 39.36. 57.PcT Sun 3 30. 30. 31. 50. 
447. 402.418. 451. 405. 372. 339. 

Mean Rad. 4 390. 391. 386. 384. 413. 425. 

104. 47. 86. 147. 251. 216. 241. 2230.
269. 138.Prccip. 5 246. 244. 241. 

135. 119. 113. 132. 103. 1426.
112. 120.
Pot Et t 118. 108. 117. 124. 124. 


-28. -138. -84. -138. -8C4.
 
Def Prcc 7 -128. -136. -152. -129. -14. 16. 77. 49. 

20. 53. 105. 193. 163. 185.
 
Dep Prcc 8 189. 187. 209. 185. 97. 68. 

1.78 1.65 0.78 0.57 0.16 0.40 0.88 1.71 1.24 	 1.79 
Mai U 1.60 1,74 

Subregion Semi-evergrecn seasonal forest 

MANAUS, AM, BRAZIL. LAT. 30 8-S LONG. 600 IV' 48 M 

Jul Aug Sept Oct Nov Dec Annual 
Feb Mar Apr May JunJan 

26.9 27.5 27.9 27.7 27.3 26.7 6.6
25.9 25.8 25.8 25.8 26.4 26.6Mean Temp 

63. 67. 76. 78. 85. 79.
89. 89. 88 81. 74. 71.Mean R. H. 88. 


PCT Sun 38. 36. 37. 38. 48. 56. 59. 67. 63. 54. 51. 43. 49.
 

441. 462. 525. 541. 509. 491. 443. 458. 
Mean Rad. 420. 415. 418. 404. 426. 

62. 112. 165. 228. 2102.
301. 287. 193. 99. 61. 41.Precp. 276. 277. 

136. 149. 172. 173. 167. 155. 142. 1732. 
Pot Et 132. 118. 131. 123. 135. 

-11. -370. 
Dcf Prec -144. -160. -170. -164. -58. 37. 88. 131. 111. 55. -86. 

75. 120. 174.
Dep Prec 215. 215. 236. 224. 114. 64. 32. 	 15. 33. 

0.22 0.09 0.19 0.45 0.78 1.22
1.62 1.83 1.80 182 1.06 0.47Mai 

Subregion Isohyperthermic savannas 

CONCEICAO DE ARAGUAIA, PA., BRASI. LAT. 80 i5'S LONG. 490 12-W 90 M 

Apr May Jun Jul Aug Sept Oct Nov Dec Annual
Jan Feb Mar 

25.2 25.6 25.6 25.1 24.9 26.0 26.7 25.8 25.6 	 25.2 25.5 
Mean Temp 25.1 24.9 

48. 44. 54. 70. 83. 83. 89. 73.65.Mean R. H. 88. 89. 88. 79. 
74. 60. 46. 45. 36. 54.

37. 38. 50. 66. 79. 82.PCT Sun 38. 


Mean Rad. 437. 431. 428. 453. 470. 488. 510. 530. 521. 479. 477. 427. 471.
 

7. 15. 64. 16. 196. 227. 1671. 
Precip. 253. 252. 263. 163. 60. 8. 

144. 1727
132. 	 137. 147. 146. 156. 167. 162. 150. 132. 

-95. 56. 
Pot Et 135. 119. 

87. 138. 149, 152. 98. -13. -51. 
Dcf Prec -118. -133. -131. -. 6. 

11 ). 0. 0. 119. 146. 173.
Dep Prec 195. 194. 204. 31. 0. 34. 

Mai 1.45 1.63 1.54 0.87 0.21 0.00 0.00 0.00 0.21 0.79 1.01 1.31 

Source: Hancock et al., (1979). 

6. Pot Et: potential evapotranspiration1. Mean Temp: mean temperature 

mean relative humidity (%) 	 7. Def Prec: prepicitation deficit2. Mean R. H.: 
8. Dep Prec: dependable precipitation3. PCT Sun: percent sunshine 
9. Mai: moisure availability index4. Mean Rad: mean solar radiation 

5. Precip.: mean precipitation (mm) 
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TABLE III 

SOIL PROFILE ANALYSES OF SOME TYPICAL AMAZON SOILS 

Horizon Org. Exchangeable Al 
depth Clay Sand p14 C Al Ca Mg J ECEC Sat. P 

cn % % H.'O % ...... ......... mec '100 g ................... % prm
 

OXISOI.: 	 Allic lHaplorthox (Latosol Vermelho Amarelo Alico) FCC: Ch. 66,8 km from Rio Branco towards PlIcido de Castro,
 
Edo. Acre, Brazil 1
 

0-5 39 21 5.1 4.00 1.00 8.22 3.74 0.68 25.70 7 14 

5.20 43 22 5.0 1.21 1.60 1.10 1.02 0.17 10.24 41 4 

.-70 53 23 4.0 0.81 2.80 0.08 0.12 0.07 6.07 90 1 

70-140 62 15 4.9 0.39 2.20 0.03 0.48 0.03 5.35 79 <1 

140-170 63 13 5.4 0.27 1.40 0.05 0.20 0.03 3.78 81 <1 

UI.TISOI.: 	 Plinthaquult, Oxic, Allic (laterita hidrom6rfica Alica). FCC: l.hakg. Lat. 8046'S, long. 61059W. Municipio
 
Porto Velho, Brazil''
 

0.40 28 42 3.8 2.90 5.20 0.15 0.04 0.07 17.62 4 2 

40-100 30 52 4 0 2.21 '.20 o.16 0.03 0.07 14.97 95 3 

10.130 6 90 4.5 0.16 2.20 0.1! 0.01 0.03 3.47 93 1 

130-160 20 64 4.5 0.19 5.60 0.11 0.01 0.0-1 6.47 96 <1 

160-200 21 60 4.6 0.18 6.60 0.11 0.01 0.05 7.49 97 <1 

ENTISOI.: 	 Eutric Tropofluvent fgolo Aluvial Eutr6fico). FCC: L. .at. 1"52'S, long. 67041W, Mun. Japurfi, Edo. Amazonas, Brazila 

0-10 17 50 55 2.23 5 5.7 1.8 0.59 13.0 5 17 

10-80 12 72 5.1 0.66 32 1.7 0.7 0.11 5.7 32 14 

80-9) 12 72 5.6 0.35 25 2.1 1.0 0.11 6.2 25 16 

90-180 10 74 5.3 0.33 24 1.7 0.7 0.09 5.0 24 19 

AI.FISOI.: 	 Tropudalf tipico (Terra Roxa Estruturada Eutr6fica). FCC: C. km 8 r(ad to Panelas, Altamira, Edo. Iarfi, Ilrazil 4 

0-8 40 44 7.0 2.51 0.01 25.24 2.28 0.28 29.16 3.4 8 

8-26 49 28 7.3 0.84 0.11 5.9, 0.70 0.27 8.91 1.4 2 

26-60 50 24 6.9 0.53 0.01 3.22 0.65 0.10 5.55 0.23 2 

60-100 56 23 6.4 0.26 0.11 2.47 0.43 0.09 5.34 0.32 3 

100.130 + 55 24 5.5 0.22 0.11 1.29 0.75 0.06 4.86 4.4 3 

INCEPTISOI: Udoxic Dystropept. FCC: Cha. Transverse road-Florencia, Mun. Florencia, Caldas, Colomh:a 6 

0-16 37 46.3 4.7 2.0! 3.2 0.95 0.80 0.23 5.66 61 3.5 

16.85 52 29.8 4.7 0.51 6.7 0.22 0.43 0.03 7.74 90 0.9 

85-173 49 29.6 4.9 0.22 6.3 0.10 o.47 0.08 7.19 90 0 

173-208 28 40.9 4.9 0.15 6.1 0.10 0.41 0.13 7.68 90 0 

208-228 20 56.2 .1. 1 0.08 5.3 0.20 0.56 0.11 7.71 85 0 

228.47 28 33.1 .1 9 0.09 8.1 0.16 0.63 0.17 9.60 89 0 

247.350 21 38.5 4 9 0.07 6.1 0.16 0.53 0.21 7.55 87 0 

I Profile 	 89 of PROJ. RAI)ANIIIIASII., Vol. 12, 1976 

2. Profile 	 24 of PROJ. RAI)AMIIASII., Vol. 16, 197F, 

3. Profile 	 39 of PROJ. IAI)AMIZRASII., Vol. 4, 1977 

4. Profile 	 8 of PROJ. RAI)AMIIRASIL, Vol , 1974 

5. Profile 	 9 of IIENAVII-S, j971 
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In acid mineral soils, TABLE IV 
as inferred by NyC and Greenland 
(1965), the nitrate ion is largely res- suMMARY OF SELECTED FERTILITY PARAMETERS OF TIlE AMAZON 
ponsible for leaching. This observation 
has a considerable implication 'n un-
derstanding differences between forest Paramcttr 

Topsoil (0-20 cm) Subsoil (21-50 cm) 

Million ha 
:d savanna soils, and range Million ha % 

Savanna soils compared with Soil p'1 : 392.2 81 398.9 82 
forest soils <3 19 84.718

5.373 91.2 
The well drained Sa­

vanna soils of Amazonia are almost % Organic matter: 
invariably leached and infertile. In these > 1.5 43.9 9 405.2 14 
areas having a marked dry season, there 1.-._ 357.8 74 77.8 6 
is a rapid build-up of -itrates when >45 81.9 17 0.4 
soils rewet with the onset of the rainy 
season. This "nitrogen flush" was ori- % Al sawration: 
ginally reported by Hardy (1946), and 010 81.8 17 96.2 20 
since substantiated and studied by many 10-40 37.9 8 49.8 8 
workers. With heavy rains, nitrates may 40-70 78.4 16 39.4 8 
leach down the profiles of weakly > 70 285.3 59 298.0 61 
charged soils very rapidly, carrying 
along with them nutrient bases. As many Exch. Ca (meq/IO0 g): 
Savanna grasses must regrow roots with > 0.4 222.5 46 349.4 72 
the onset of the wet season, it is easy 0.4.4.0 159.7 33 81.3 7 
to cv;visage a net loss of soil nutrients > 4.0 101.2 21 52.8 11 
and the resulting impoverished conditions 
of savannas in terms of both soils and Ex ch. mg (meq/)O0 g): 
total biomass. > 0.2 185.6 38 356.8 74 

In comparison with 0.2.08 185 z 38 84.7 18 
savannas, whilst the same mechanism of > 0.8 112.1 23 42.1 9 
nitrogen build-up takes place in the semi­
evergreen easonal forests at the start Ech. K (meq/IO0 g): 
of the wet season, the tree roots are still > 0.15
viable, and nitrates along with nutrient 0.15-0.30 113.7 24 37.9 8 
bases can be absorbed from the soil and > 0.30 71.1 15 6.5 1 
stored in the vegetative biomass. In this 
sense, the heavy forest biomass can b, ECEC (meq/)O0 g):
considered a storehouse of soil nutrients. <4 80.0 17 193.4 40 
Although the fertility of forest soils as 4-R 238.5 49 210.1 44 
deteimined by analyses may be the same > 8 165.2 34 80.1 16 
as those of savanna soils, the nutrients 
stored in the biomass may be u;ed to Avai P (ppm) 
modify these soils by the time honored < 3 276.9 57 414.6 b6 
tradition of felling and burning forests 3-7 159.1 33 54.6 11 
in situ. > 7 47.7 10 14.4 3 

Restoring fertility to forest soils P' ( ly d73 
High (> 35 clay and 77.3 16 - -

Tahbe V illustrates the Free FeOa/%'f 


very substantial contribution of ash to clay > 0.15) 
soil fertility in different sites through­
out Amazonia. Further, as shown b, I 406.3 84 - -

Falesi (1976) and Serrao et I. (1979), 
this renewed fertility need not necessary I roni(ochrane and Sanchez, 1982. 
be lost, and can be used foi effectivc 
pasture growth for many yeals. Phos­
phorus was the first nutrient to become 
deficient. 

It is interesting t. corn­
mrent on the problems of fertility with humnidicola together with the legume rest, gave a sufficiently vigorous sward 
relation to forest regrowth in pastures. ID'smodiur, ovali/oliun:, along with to minimize regrowth. This is a cr.se of 
Dr. E. Mark lutton (Personal coml.), mnoderate fertilization based on phospha- ecologicl control of regrowth support­
has shown in a commercial circumstance tes to increase the fertility levels in ed by increased soil fertility. Clearly a 
in Tabuti (309 Km south of llelm~), leached, acid soils (Oxisols) originally lot remains to be learned concerning the 
that the use of the grass Brachiria supporting Semi-evergreen Seasonal F-)- practical management of Amazon soils. 
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Condusions 

As the land resources 
of Amazonia are becoming better known,
considered. Almost a quarter of the re-many past generalizations should be re-,. 

gi0on is either covered by poorly draind 
lands or rivers. This provides a natural 
barrier to development and VVould buffer 
possible climatic changes. The close re­
lationship between tho physiognomic 
vegetation classes on the well irained 
soils an~d the total wet season potential 
evapotranspiration regimes, would infer 
that any fragility in the sense of cleared 
lands not, reverting back to forests if 
left alone, would probably be confined 
to transition areas between the well 
drained Savannas and the Semi-ever-
green Seasonal Forests. Notwithstanding, 
natural vegetation can be strongly in-
fluenced by soil conditions. 

The soils of Amazonia 
are becoming better known in terms of 
their distribution and properties. The 
pattern of soil variability amiong the 
different vegetation subregions and 
landscapes would serve as the basis for 
the less hazardous choice of lands for 
the production of specific crops and 
pastures. 

The study also focuses 
attention on advances in understanding 
the principles of improving the fertility 
of the extensive areas of leached, acid 
mineral soils. Although these can sup-
port pastoral and forestry production, 
their successful usage depends on the 
knowledgeable manipulation of soil 
chemical conditions. Much work is 
needed to dcvelop technologies ap­
propriate to the range of climates, 
landscapes and soils in Amazonia to 
avoid the failures of the past. 

A lesser but important 
acreage of Amazonia has relatively 
fertile ogricultural lands where agri-
cultural frontiers can be expanded with 
minimal risk. However an adequate 
infrastructure to market, produce and 
obtain agricultural inputs at competitive 

Prices, is a necessary pre-requisite for 
SUccess, 

REFERENCES 

Alvim, p. T. (1978): l'erspectivas de pro-
dugaio agricola na regiao Amazfnica. In-
'erciencia 3 (4): 243-249. 

enaviues, S. T. (1973): Mineralogical and 
chemical characbcristics o:' some soils of 
the Amazonia of Colomt:i. PIl). "ltsis, 
N.C.S.U., Raleigh, N. C., U.S.A. 216 p.

Budowski, G. (19761: L.a conservaci6n Ide me-
dio ambiente. lConflicto o instrumento 
para cl desarrollo? Cienci t lnteroieria-
Fta 17 (1): 2-F. 

Christian, C. S. and Siewart, S. A. (19 '1): 
Survey of Kalherine-Darwin -. ir-. 1#46, 
Land Research Series N' 1. (sRo, Mel-
bourne, Australia, 126 p. 

AI1RIf)flLOfl SEt' -OCT 1984, VOL. 9 N9 .5 

17" t'Te 

CARIBBEANSE 

" 4" 
= ) u ' E, " 

.,­
. 

0. 

0 ',TI 0 

-. -

U "r 

t A E'A// 7 , 

4 
2 " 

, 4 
.­

2 T, , 
\-' a:'0, r > 

or 1.-
. 

PACIFIC OCEAN 

. 

A= ALFISOLS 

D: ARIDISOI.S 

E = ENTISOLS 

I INCEPTISOLS 

Figure 3. A computer map of soil Order Classe,. 

Cochrane, T. T.; Poiras, J. A.; Azevedo, L.; 
Jones, P. G. rnd Sfinche4, L. F. (1979):
An explanatory manual for CIA's com-
puterized land resource sludy of 'ropical
Amcrica. CIAT, Cali, Colombia, 131 p. 

Cochrane, T. T. (19801: The methodology of 
CIAT's land resource study of Tropical
America. In: P. G. Itureff and 1). B. 
Morrison (eds) I/ Internatioil Synt. 
posiirn on Machine Proceing'of Remo-
tely Sensed D.ta and Soil I(P/oiiiion 

Systems and Remote Sens;ni' aInd Soml 
Survey. Purdue University, West l.afa-
yette Indiana. IEEE Catalog NQ 80 ('11 
1533-9 MI'RSO: 227-223. 

Cochrane, T. .; Salinas, J. G. and SnchL,
1. A (1980): An equation foi timing acid 
mineral soils to compensate for At to-
lerance. Tro, Agric (Trinidad) 57 (2): 
133-140. 

Cochrane, 1'. T and Jones, 1'. ;. (1951): Sa-
vannas, forest and wet season poleltial 
evapotranspiration in Ilopical SoulI Arne. 
rica. Trop Agric (Trinidad) 58 (3): 185-
190. 

Cochrane, T. T., and Sorchc,, 11. A. (1982): 
L.and resources, soils and their manage-
ment in the Amazon re:gion: A state of 

tO'54" * 

I 
Lowlands 

ofCentral Lowlands 

Tropical South America 
.1_ 

C EA 
I ATATC CA 

0-..-,
 
-41 

0 " 
L
 

"]' < .
 
...
 

-

U V 

n, 

. " 

M =MOLLISOLS 

0 = OXISOLS 

S = SPODOSOLS 

U ULTISOLS 

knowledge report. In: Amazonia Agricul­
ture and Land use Research. CIAT, Cali, 
Colombia, pp. 137-209.

Cochrane, T. T. (1983): An equation for
calculating the contribution to osmotic po­
tential of the separate solutes of water so­
lotions. Med Phvs 10 (1): 29-34. 

Cochrane, T. T (1984): ImprovemenLs in the 
equation for calculaing the c:rtribution 
to osmotic potential of the separate solutes 
of water solutions. Med Phys 11(3). '138­

3,10. 
Cochrane, 1. T.; Snchez, .. F.; Porras, J. A.;

Acvedo, .. F. and Carver, C. L. (In 
Press): land in Trepical America. A guide 
to climates, landscapes and soils for agro.
norists in Arnaionia, the Andean Pied­
mont, Central Btrasil and Orinoco,, Vols. 
1, 2, and 3. CIAT, Cali, Colombia, 
(Approx. 728 y plus maps). 

Falesi, !. C. (1976): Ecosistema Ie pastagem 
cutivada na Amazonia . rasilcira. FM-
BRAPA-CPATU, llel-' Brasil. (I'ATt Bol 
Tec 1. 193 p. 

FiA-tJNi'Sro (1971): L.egend for the soil map 
of the world. uNESCO, Paris. 

IAO-11N|ISCO (1975): Soil map of the world. 
Vol. IV-South Ameri'-a. UN|ESCO, Paris. 

305 



- -

Fenster, W. E. and Leon L. A. (1978): Utili-
zation of phosphate rock in tropical soils 
of Latin America. In: Seminar on Phos-
phate Rock /or Direct Application. IFDC. 
S-I, 	 Muscle Shoals, Alabama, USA: 174-
210. 

Fenster, W. F. and Leon, I.. A. (1Q79): Na­
nagernen t tf phosphorus fertiliaill it in, 

establishing and mail taining imploved 
pastures on acid infertile sail of "trp i le 
America. In: S,'tchez, P. A., and 'irgas, 
L.E. (eds) Pasture production iitAcid 
Soil of the Tropics. IAF scries 03E(i-S: 
109-122. 

Garcia de Frcitas, F.;Gonies, I.; Ferreira, R. 
and Antonello, I.. (1978): t.evantit;cni 

0i 


propetysites) 

Nlttiiths after 
I I ) 

de recothecinmc to dos So:s do li3stiito 
Federal. lol "T/ V!' 53, l.MIIRAPA-(I'A. 
Brasil, 455 p. 

Goodland, R. J A.; Irwin. If.S. anrdTillian. 
G. 	 (1978): Ecological development for 

( ultura 30 (3): 275-
Amazonia. (Citciae 
289. 

Hancock, J. K.; Ilill, R. W. and tiargrcaves, 
G. II. (1979): Potential evapotranspiratian 
and precipitation deficits for Tropical Atic. 
rica. CIAT, Cali, Colombia, 398 p. 

Hardy, F. (1946): Seasonal fluctuations of 

I xch. ('aMg 
Irnic( 100 g) 

K 
fi etj, lot) g) 
xtch. 


soilmoisture and iIimaes in a humid iro- Fxch. Al 
pic:d cittate. Trop .Igr(Trinidad), 23: 
40-49. 

Hecht, S. I. (1979): Sptnt eous legumes on 
developed pastures in tihe Artazon and 
their forage potential. In:Sncle7, 1'. A. 
and Tergas, 1.. E. (eis.) 'asture Prodhc-
tion in Acid Soils t/ the "'ropics. ( IAT, 

Cali, Colombia, pp. 65-79. 
Irion, G. (1978): Soil infeitility in the Area-

zunian rainforest. Naturrwiavenschaten, 65. 
515-519. 

Kaniprath, E. J. (19701): Exchangeable alu­
minum as a criterion for liming leached 

(fileq 100 g) 

Al sam. 

Avtil. P (ppl) 
(()ken in Peru, 

NC it lrazil) 

.. 

TABLE V 

SUMMARY 01: CIIANGES IN TOI'SOIIL CIIFNI'ICAI. I'ROPI:RIifS BEFORE AND
 
SIIOIII AI"iR BURNING TROICAl IIESTS IN UI.TISOI.S AND


OXISIS OIN TiHl AMAZON 

Yurinoaguas 1 

'[iming (2 sites) Manaus " Belem a 
(X 7 (X 60 

sites) 
.... ...­

burning: 	 3 0.5 12 
defore: 
After: 

4.0 
4.5 

4.0 
4.8 

3.8 
4.5 

4.8 
4.9 

IBefore: 

After: 
A 

0.41 

0.88 

0.47 

1.46 

4.08 

2.62 

0.35 

1.25 

0.90 

1.03 

1.97 

0.94 

lefore: 
After: 

0.10 
0.32 

0.33 
0.24 

0.07 
0.22 

0.12 
0.12 

A 0.22 (0.07) 0.15 0.00 

Before: 
After: 

2.27 
1.70 

2.15 

0.65 
1.73 
0.70 

1.62 

0.90 

A (0.59) (1.5) (1.03) (0.72) 

Before: 
After: 

81 
59 

52 
12 

80 
32 

58 
30 

Before: 
After: 

5 
16 

15 
23 

-
-

6.3 
7.5 

A 11 8 - 1.2 

mineral soils. Soil Sci Soc Aoi Proc 3.4: Calculated from data by: 
252-254. 

Klinge, 1. C. (1965): Podzl soil in the 
Amazot basin. J Soil Sc 16: 95-103. 

Klinge, I. C. (1967): Podzol soils: A Source 
of blackwater river in Amazonia. Atas do 
Sinptl5.io /obrea lliota Anaz6emica .: 117-
125. 

Mohr, W. (1960;. A influencia da acidcz sobre 
a fertilidade dos solos. 4nai: I Congresso 
Nacional tie ,niserva( do de Solo Campi-
nas, Brasil, pp. 61 '6. 

Nye, P. l. and Greenland, 1). J. (1965): [Ihe 
soil under shifting cultivation. Technical 
Commuticatioi N 51, Commonwealth 
Bureau of Soils, 1larperden, U. K. 156 p. 

Radambrasil (Projecto). (1972-78): Levmita-
menlo da regiia Amaz6nica. Vols. 1-12. 
Afinidrio dis tinas e Energia. l)epata-
mento Nacional de Prodtti5o Mineral, Rio 
de Janeiro, lBrasil. 

Rankin, 	 1P. C. and Churchman, G. J. (els. ) 
(1981): Soils with, variable charge. (on-
ference Proceedings. Soil ltureaut, ,
foerc lroeeal d. I .C. 

Reis, A. C. (1972): ) ipacto .l,na.i .'cotitl 
Civiliza¢,-o Brasieira: i Trarsaiaziti,a r 
o d cafio dostridpicos. d. Paralelo, Rito 
de Janeiro, Brasil. 

Ritchey, K. D.; Souza, 1). NI. G.; Lob:to, E. 

and Correa 0. (19801: Cailcium leaching 
to :ncrease rooting depth in a lrasiliaii 
Savanna Oxisol. .lgron Jour 72: 40--4. 

Sjnchea., P. A. (1977): Mancjo de St:elos Tr,-
pic:les en la Amt0zoni:a Stiramerica':t. 
Suelos cctaiorialcs ': 1.11. 

Schubart, H. 0. R. and Salati, E. (1982): Na-
tur:l resources or laud use in the Aiiatm 
Region: The nattnal systerits. In: IIc!it, 

1 Seubert eta/,,
and Villachica and Sanchez (inpress)
 
ISiber and Vlscian d nh i 
2 
3 

lrinkm
Ilecht 

ann and Nascimento, 
(unpublished d'.I 

1973 

S. 1. (Lu.) Amazonia .- griculture and 
Land fIre Research. CIAr Series 03E-3 (82) 
IsTIN 84-89206-13-9, Cali, Colombia, pp. 
211-239. 

Serro, 	E. A. S.; Falesi, 1. C.; Veiga, .. B. 

and Texeira, J.F. (1979): Productivity of 
cultivated pastures in low fertility soils of 
the Amazon of Brasil. In: Snchez, 1'. A. 
and Tergas, 1.. E. (eds.) Pasture Pro-
duction in Afcid Soils of tie Tropics. CIAT, 
C:li, Colomb pp. 195- 226. 

Setzer, .1. (1967): lmpossibilidade do uso ra-
cion:l do solo no Alto Xingil, Mato 
(roso. Rev Bras Geogr 21 (1): 102-109. 

Setiet,C'. F.; Siichei, P..A. and Valverde, 
(1977): Effects of land clearing 

inethods ot soil properties and crop per-
formance in an Ultisol of the Aitm:17on 
Jungle of Peru. Trop Agr (l'rinidad) 54: 
307-321. 

Spi J, N1. (1976): Field studies otntolerance 
of plant species and cultivars to acid soil 

conlitions in (tlombia, In: Wright, Ni. J. 
fed.) 'lat .-Adaptation to Mineral Stress 
in Probh'n Soilr. Cornell Univ., Ithaca, 
N. Y., USA. pp. 213-222. 

Toledo, J. NJ. tin1 Morales, V. A. (1979) 
Establishient and management of improv-
ed pastures in the Peruvian Amazon. In: 
Snchez, P. A. aindTergas, L. E. (eds.) 
Pa.itttre Pt oductiolt in Acid Soils of tie 

r 

Tropics. CIAT. Cali, Colombia, pp. 177. 
194. 

Tosi, J. (1974): Desarrollo forestal del tr6pico 
americano frente a otras actividades ceo­
n6micas. In: icA Reunidn Intemacional 
sobre Sistetnas de Produccidn para el Trd­
pica Ainericano. Informes sobre Cursos, 
Conferencias y Reuniones. NQ 41. IlCA, Zo­
na Andina, lima, Per6. pp. I1.F. 1-13. 

UStDA,(1975): Soil Taxonomy. A basic system 
of soil classification for making and in­
terpreting soil surveys. Soil Survey Stall. 
Agriculture landbook NV 436, Soil Con­
servation Service, Washington, USA. 

Van 	 Beek, C. G. E. M. and Bolt, G. H. 
(1973): The relationship between the 
composition of the exchange complex of 
the soil solution. In: Hadas, A.; Swart­
zendtuber, D.; Rijtema, P. E.; Fuchs, M. 
and Yafon, H. (eds.) Ecological Studie-
Vol. 4,Physical Aspect o Soil Staeran
 
Salt 	i Ecospstems. Springer-Velag. New 

York. pp. 379-388. 
Villachica, J.H. and Sanchez, P. A.: Mainte­

nance of soil fertility in the Amaon 
of Peru. 1. Soil dynamics. 2. Crop per­
formance. (In press). 

Wang, C. H.; Lieru, T. If. and Mikkesen, 
D. S. (1976): Development of sulphur de­
ficiency as a limiting factor for rice pro­
duction. it Tech llull 47. 

SEP - OCT 1984, VOL. 9 NQ 5 1l3ERDEfROI-l 306 

http:Sinptl5.io

