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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 alv rde,
 
and Wilson Soares
 

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

and the predominant cation is .exchangeable aluminum. (Pratt and Alvahydo,,
 

1966),'Crops yields on the weathered soils of the Campo Cerrado in
 

Brazill ,have:been greatly.increqsed with relatively small additions of lIme
 

(de Freitas, McClung, and Lott, 1960;Mikkelsen, de Freitas, and McClung,
 

1963)'0, Lime rates sufficient to neutralize the pxchangeable Al apparently,..
 

ardqaefroptimum plant growth (Kamprath, 1970),.
 

Relatively little work has been done with the soils of the Amazon Basin
 

as related to their response to lime. The data of Sombroe (1966) for,roils
 

.inthe Amazon Basin of Brazil indicates that exchangeable Al accounted for
 

44,'of the exchangeable cations in-the A horizon of well drained forest
 

-soil The poorly drained soils,
.pnd 57% in the well drained savannah soils. 


however generally had a very low aluminum saturation., 

The objectives of.this paper are (a) ' to examine the'soil acidity ,re­

lationships of soils from the Upper Amazon Basin and the CampoCerrado of,
 

Brazil."and (b) to discuss" the implication of these relat1onships on :plant
 

growth and ,response to"liming.
 

Experimental Procedure
....... d " 
 S F'f,.,;the" Htimid :Tio ical .. 

-For'the'study of the soil acidity relationships of te H i Tropicl.. . 

Forest-soils use was made of soil data reported, by1Sanchez and Buol.(1971) 

andtsome'additional unpublished data. They collected soils from the. Amazon 

in'Peru. 'The welldraine 61144 wereBasin at'4riYurimagass andjqu tos dined .8~'4wr 



ones are Paleudalfs or Tropaqualifani'ithe:
Paleudults, the poorly drained 

"giant podzols" are probably spodic quartzpsamments. These soilsfor the
 

The
 
most part were uncultivated but in a few instances had been 

cleared. 


exchangeable Al was extrazted with IN KCI and the exchangeable 
bases were
 

The soil pH was determined potentiometrically
extracted witb IN NH4Ac. 


on a 1:2.5 soil-water mixture.
 

Soil samples also were collected from a lime study with a Red.Latosol
 

Samples
at the Federal Experiment Station located near Brasilia, Brazil. 


The exchangeable cations were ex­were collected from the 0-20 cm depth. 


The soil pH, however, was determined on
tracted as previously described. 


The aluminum saturation is expressed as a per­a 1:1 soil-water mixture. 

centage of the sum of the exchangeable cations. 

Results: and Discussion 

Soils' of the' Upper.'Amazon Basin 

The results for the well drained-soils are presentedWell drained soils. 


in Table 1. The'A1 horizons-'ail were quite acid except for.Y-t1. 
which was
 

in pasture.% Burning of the area.8 years ago undoubtedly was:the reason
 

for the higher pH. The A1 horizons of the soils with a pH of less than 
5
 

to 52 percen., :•except forY-lli ,which

had a moderate aluminum saturation,' 31 


and B1 horizons however.had a
 
was 80 percent aluminum saturated. The A2 


quite high aluminus saturation ranging,from,71 to 92 percent.
 

In their natural state the surface soils had rather low pH values even
 

The low pH
though the Al saturations were not as high as one migit expect. 


values of the surface soils are probably a result of rapid decomposition of
 

the large amounts 6f 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 reduced to .a:ve'ry.low level
 

(Figure.1).
 

Respons.e to lime would be.expected with most crops when -these6-soils .are
 

brought under cultivation. Fair growth of a relatively,aluinu tolerant
 

crop, such as, corn might be obtained on those soils which are less than
 

50 percent aluminum saturation (Kamprath, 1970), ...
Where the pH is less
 

,'
"than 4 there would probably be *abeneficial affect fromdecreasing the H ion
 

,concentration by liming and removing the competitive effect of H ions on up­

.,take of basic cations and the inhibitory effect on microbial reactions.
 

...
Depth of root penetration on these soils would be limited to the depth.
 

of 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
 

.atively shallow crops.may suffer from moisture stress during shortdry peri­

ods.
 

Poorly drained soils. The A horizons of the poorly drained soils contained
 

essentially no exchangeable Al (Table 2). Three of the soils contained very
 

large amounts of basic cations, primarily Ca, in the A horizon. The Al
 

saturation of the B2 horizons except for one soil was considerably less .than
 

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

soils of the poorly drained soils was much less than that of the well drain­

ed soils '(Figure 2). The predominant clay mineral in the B horizons of the
 

poorly drained soils was imontmorillonite. Pratt and Bair (1962) reported
 

that 'Soils containing predominantly montmorillonite contained very little ­

' 
exchangeable Al at pH .5 and above. Sanchez and Buol (1971)',-found' that the
 

- ,
'poorlydrained.soils contained -primari y mntmorillonite.:' The low"'pH and
 



moderate Al saturation of the subsoils, suggests that.acid .groups of organic
 

matter may be influencing the H ion concentration of the soil1solution
 

Crop response to liming would not be expected to any large degree on 
the.
 

poorly drained soils. Except for species very sensitive to Al growth into
 
o.,the,__
the subsoils would not be hindered to nearly as great an extent as 


well drained soils.
 

Giant Podzols. The "Giant P6dzols "Of the Upper Amazon Basin)have a very
and.. be Zel
 

low Al saturation in both the A1 and the A horizons (Table . Thelow.
 

th..... :h zn2i 


pH of the surface horizonis probably due to the acid groups'of organic 
matter. The main supply.of-basic cationsin these deep sandy soils is in 

the A horizon.. About the only response toime would be that resulting from
 

o
 low pH :on nutrient uptake and microbial
removal of any,inhibiting effect of


activity.
 

'Theacreage of these soils is not large but their .soil acidiy-relation­

ships,would betypical'of the deep sandy-soils.
 

Red Latosols
 

The relationship between pH,and Al saturation for the Red Latosol is
 

snown Iin Figure 3. AtpH 5 and belowthe Al.saturation was greater than 85
 a 

Be­percent while.above pl 5.6 the Al saturation was less than.10 percent.' 


marked change in the Al saturation. The re­tween pH 5 and 5.6 there is a 


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 for the two Soils
:"
 

suggest that the response of crops to liming should be very simila'for -the
 

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



Lesponse to,:liming.: should be obtaind.on theRed Latosol. The soil pH
 

10 percent.All saturation would be in the range of 5.3 to 5. 6. -


The A saturation of the: 20-40 cm depth is the sameas that of the Ap
 

horizon' (Table 4)..The extremely high Al saturation,of the soil will .re,
 

strict.root growth to..the-layer in which lime is incorporated..,
 

Conclusions and Summary..
 

The-.well drained .soils of the Upper Amazon Basin have a moderateAl'
 

saturation :of :.the effective cation exchange capacity. Crops sensitive,,to
 

aluminum toxicity would probably respond to liming. It appears that. once
 

,the pH 'of the surface'soil-is brought to pH 5 the Al saturation will be very :
 

low. The:A and B horizons of the well drained soils have a very high-Al

21
 

saturation., Growth of roots into the subsoil will be very limited.
 

The poorly drained soils of the Upper Amazon Basin have a very low Al
 

saturation in the A :horizon and are well supplied with calcium.':Beneficial
 

effectsto liming would only occur on those soils where.the pH is sufficient-'
 

.ly low so that H:ion concentration will adversely affect nutrient uptake and
 

mlcrobial'activity. Th' A2 and B1 horizons generally only have:a moderate.
 

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

with those crops which are very sensitive to Al.
 

The giant podzols have a very ,low Al saturation. The supply.'ofbases
 

is concentrated in the A horizon. Once this supply is depleted either.by,
 

crop removal or leaching it will have to be replenished by liming ,or fer.tilizers..
 

-The Red Latosol from Brazil is representative of the:kind of s that
 

are extensive in the Campo Cerrado.' The pH Al saturation''relationships ''o: ,
 
' sl ad vtt .this~i soil ~';are ;very /simlfar"to.,that Of an,Ultisol from the Piedmont :,regiont'of•;.?;:,:"•
 

http:either.by
http:obtaind.on


,the RedLatosoI is almost compietely Al
 

so
 

.NorthCarolina. 'The subSoiof, 


saturatod. Lime will need' to6 be incorporated to a':sufficient. depth 

acpeas to soil moisture 'during shortAdry perios
that plant roots willsh"ae 


when the top- few incdhesa are depleted'of' ailabie-moisture.
 



Tal .Soil acidity reIationship6 of well draine d''soil in eupe 
Amazon.Basin. 

Soi'i Horizon .Depth 
cm 

, pH Exch Sumexch. 
rAl .atian 
meq/00g 

Al 
sat. 

04'O 

;Y-1 1 

B 

0740 
7-48' 3.5-

.5 
325 

27 
4.09 

31, 2.5: 
79. 0.9 

Y-2 Al 
B2: 

-20 
.- 20.-145 

4.0 
33.7 

3.65' 
9.50 

67 
.10.58.. 

54'4. 
90 ' . 

Y3, '"Al. 
B21 

0-30 
46-90 

3.4 
3.5 

3.00 
4.50 

8.54 
5.70 

' 35, 
79 

2.8 
.. 

." . 

:-B -3 

1
.Bi 

" 0-12 
12-30 
.. 

4.5 
4.6 
4' 6, . -

2.60 
10.80 

7.64,.
15.28 
15-.28" 

34 
71 

2.1. 
0.7 

Y-10i ' A1 
A21Bi'60-90 

0-5 
5-40 

3.6 
4'.2'
4.2 

.1.90 
4.20
6.05 

3.64 
4.70
6.55 

52 
89
92 

4.0 
1.1
1.0 

Y-41 
. 

. A1 
A21 
B91 

0-8 
8-40 
80-135. 

.0 
4.7 
4.1 ' 

.0.30 
4.40 
6.20 

552 
5.78 
6.86 

5 
76 

"90 

.:7.6t 
:1.3 
0.5 

-2. Al 
Bi 

0-16-
,16-35 

4.0 
4.5-

5.90 
6.70 

7.40 
-7.38 

80 
91 

4.2 
,'-4.8 



Soil idit.i..laftnioss of pds 

Amazon Basin.
 

*,,b 2 . ,"2 ...	 in te P
 

Soil Horizon,. Depth pH ExcF. Sum exch. %% 
cm Al cat~ions Al "OM 

- . sat.'... :9ne/100 

Y 	 . . A1 09 4.4 0.05 4.17- 11.9
 
A2 9-20 4.4 0.10 5.84 2. 1.4
 
B.. _20-43 3.9 5.95 13.01" 46" 1.0
 

y-5 	 A1 _15 700.05 .39.17. : 0"' 1.0 
44 0.8
15 . . "4."16.50.37.10 


Y-5A1	 '555 0.55 ,21.13,34.
.525 4.9 '9.20'27.55 33 1.3
 

I-" '. A1 0-5 5.6 '. 0.0 16.72 0 7.9 
.
A2 .5-10 4.7 . 5.50 19.32 28 2.1 

.... . - B21g , . 1050 . . , . 18.42 .1.1:-:,.:: :, .	 . • :. , ., . .
: :,.... . ' .... 4.614.60..	 79 


http:4.614.60
http:4."16.50


Tabl3.Soil-acidity .relationships,of Giant.Pdosfo th uzpp
 
Amazon Basin.
 

Soil Horizon Depth pH Exch SUm exch. %' O 
Al I cations Al 0OM 
meq/100g sat 

Y-8 4A 1 	 0-19..' 4. 6': %0.25* 2.89' 9. '2.11 
-A21', 19-115 4.6 0, i0 0.80 12 0'3 

1-5 	 Ai 0-15 4.2 0.15 3.11 5'. 4.9 
A2 15-50 5.1 0.10 0.90 1, 0.5 



20-40 

ble. 	 Te,' soil adidity- rlatmoiships of a Red Liatoso from the Caipo' 
Cerrado of Brazil.1'. 

Depth pHl 	 'Al ISum exch. 7
 
. I rations Al isaturation
 

meq/lOOg. 

0-20 472.60 2.76 94­
1.89, 2.04, 94
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