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~ Soil Acidity Relationships of Soils From the Upper
Amazon Basin and the Campo Cerrado and Their Implication
. . On Plant Growth
E J Kamprath P. A. Sanchez, S. W. Buol, Carlos
o - and Wilson Soares

rhe highly weathered soils of the Tropics are very oft n quite acid f;f

;and the predominant cation is exchangeable aluminum.‘ (Pratt.and Alvahydo,}j?

-g E

Crops yields on the higwlj'weathered soils of the Campo Cerrado inf*T

'Brazi have'been greatly increased ith relatively small additions of 1ime:%ﬂ

5(d”Fr tas McClung, and Lott 1960_‘Mikkelsen, de Freitas, and McClm g,

Lime'rates sufficient to neutralize the exchangeable Al apparentIyéf

‘are;adequate for optimum plant growth (Kamprath 1970)

|

fi_gw Relatively little work has been done with the soils of the Amazon 3891“

as related to their response to lime. The data of Sombrock (1966) for 5oils

;in the Amazon Basin of Brazil indicates that exchangeable A1 accounted:for“

44 5of the exchangeable cations in the A1 horizon of well drained forest

'svil and 57% in the well drained savannah soils. The poorly drained soils,;

however generally had a very low aluminum saturation.’t“‘q”"

The objectives of this paper are (a)” ‘to examine the soil acidityFre 3

Alationships °f 8°119 from the UPPer Amazon’Basin and the Campo Cerrado of’&4



Paleudults, the poorly drained ones are Paleudalfs or Tropaqualfs andz‘hef

"oiant podzols' are probably spodic quartzpsamments. These soils fo»,the*

most part were uncultivated but in a few instances had been cleared "The
exchangeable Al was extracted with 1IN KCl and the exchangeable bases-were
extracted witb 1IN NHAOAc. The soil pH was determined potentiometrically;
on a 1:2.5 soil-water mixture,

Soil samples also were collected from a lime study with a Red Latosol
at the Federal Experiment Station located near Brasilia, Braz1l.. Samplesi
were collected from the 0-20 cm depth The exchangeable cations were ex—f
tracted as previously described The soil pH, however, was determined onf

a 1l:1 soil-water mixture. The aluminum saturation is expressed as a per--’t

centage of the sum of the exchangeable cations. e

‘ <

i Results and Discussion
Soils of the Upper Amazon Basin

,Well drained soils. The results for the well drained soils are presel

iin Tabie 1. The A1 ‘horizons

were quite acid except for Y-ll whichgwasi
?in pasture.« Burning of;the area. 8 year (ago undoubtedly was the reason

}for the higher pH. The A1 horizonsw ’ff"

quite high aluminus saturation ranging from 71 to 92 percentlfi
In their natural state the surface soils had rather low pH values even
though the Al saturations were not as high as one migh:expect. The low pH
values of the surface soils are probably a result of rapid decomposition'of
the large amounts of fresh organic residues added annually and formation

of acid groups in the organic matter. It appears that once the surface soils



- are limed: to'pH 5. the /Al saturation will be~réduced to a vexy'low level’.

Qtake of basic cations and the inhibitory effect on' microbial reactions -

ikDepth of root penetration on these soils would be limited to the depth
iof lime incorporation because of the extremely high Al saturation of the A2

;and B horizons (Ragland and Coleman, 1959) Since the A1 horizons are rel-i

i tively shallow crops may suffer from moisture stress during short dry perie

'.‘ Ods o‘ .'

‘Poorly drained soils. The A1 horizons of the poorly drained soils contained
_essentially no exchangeable Al (Table 2) Three of the soils contained very
11arge amounts of basic cations, primarily Ca, in the A1 horizon. The‘Al 'fl

”saturation of the B horizons except for one soil was considerably less than

;that of the well drained soils.v The Al saturation at a given pH for the sub

isoils of the poorly drained soils was much less than that of the wellrdrainﬂ

Ted soils (Figure 2) The predominant claj mineral in the B horizons;of the

ipoorly drained soils was montmorillonite _ Pratt and Bair (1962) reportedjf&

;that soils containing predominantly montmorillonite contained very 1itt1e




moderate Al saturation of the subsoils suggests that”“cid”"roups of organic

matter may be influencing the H 1on concentration of he soil solution. ,'

Crop response to liming would not be expected 0 anymlarge degree onfth

poorly drained soils. Except for sPecies veryl

low Al saturation in both.the ‘A and ‘the A, horizons;(Table.B) The low

L
! obably due

pH of the surface horizon is the acid ghoups of organic

matter._ The main supply of basic cations in these deep sandy soils is in

the A1 horizon.. About the only response to lime would be that resulting frpmf

removal of any inhibiting effect ofulow pH on nutrient uptake and microbial h

activity"

The}acreage of these soils is not large but their soil acidity relation-l

ships. would be typical of the deep sandy soils.

Red Latosols

%The relationship between pH and Al saturation fosdthe‘ted Latosok‘is s

latively small change in pH is probably due to the buffering effect of the

hydroxy Al compounds. The shape of the pH- Al saturation curve for’the;Red

(

Latosol is very similar to that for a Cecil soil from the North.Carolina,

Piedmont The similarity of the slope of the curves fortt e.two'soil
suggest that the response of crops to liming should be very imiler for the ?f

soils. Once the Al saturation is brought to less than 10 percent veryélittle



fhbrizo'?(Table 4) The extremely;high Al saturation of the soil will re_,wi

fstrict root growth toﬁthe ‘layer in which lime is 1ncorporatedh¥

\Conclusions and Summary

}

Thefwell drained soils of.the Upper Amazon Basin have a moderate"Al'n

:saturation of the effective cation exchange capacity., Crops sensitiv to¢
faluminum toxicity would probably respond to 1iming. It appears that onceﬁ

ithe pH of the surface soil is brought ‘to pH 5 the A1 saturation will be very

ilow. The A2 and B1 horizons of the well drained soils ‘have a very high Al e

jsaturation.: Growth of roots into the subsoil will be very 1imited "

j?The poorly drained soils of the Upper Amazon Basin have a Very 1 AL

}saturation in the A horizon and are we11 supplied with calcium;f:Beneficial f

1
feffectsito liming would only occur on those soils where the pH is sufficient-a

{ly low sovthat H ion concentration will adversely affect nutrient uptake and

"microbialzactivity The A2 énd B1 horizons generally only have a moderate

:Al saturation and growth of roots into the subsoil would only be restricted

;with thosebcr0ps which are very sensitive to Al

T:The ‘iant podzols have a very low A1 saturation.' The supply of bases

;is concentrated in the Al horizon. Once this supply is depleted either by

lcrop removal or 1eaching it will have to be replenished by liming or fertilizermﬁ

:this 801 iare verv similar'toithat'of an'Ultisoqurom:the Piedmont,region of
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‘saturation.  Lime will/need’to’D
that plant ‘rb,é't':s':;will have .access

when the top few inchas are depleted of available moisture.



Exch. | Sim exeh. " ' %"
A1%: | cations ' . A

L 7.60

7,38




5.1 S611 laeidicy rolactonshipd ot poorly dratned soils in ehe ipper
. Amazdn*Basi@;

Vhxck]| Suh exch. %%
Al|i cations . Al . .OM
»meq/100g:: e
0,05 4,17: .5 0 101,9
.10 = 5.84.. . . 12714
95 13,01l - 46 1,0

. -sati
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fTable 3.*“,
- Amazon Basin.=f

Soil  Horizon Depth  pH. Exch | Sum exch. % %
o | A1~ |'cations Al OM"
meq/lOOg S sat

0,25 2.89°

A 0-19. A

A21 e :19'7-'1'15'7?

O Oh

) i
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,—-\

o

3.11 5,

Aj C0RIST b2 15 3.1
s 0.10 0.90
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