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Calcium Leaching to Increase Rooting Depth in a Brazilian Savannah Oxisolt 

K. Dale Ritchey, Djalma M. G. Souza, Edson Lobato, and Osi Correa2 

ABSTRACT 


Root growth in subsoils of Oxisols is often precluded 

because the roots of many crops are sensitive to soil acid. 
ity. This increases plant stress during dry periods when 

available soil water in tle limed surface layers is ex-
hausted. The low soil CEC and high rainfall in Central 
Brazil suggest that soluble calcium salts might leach be-
low the plow layer and reduce soil acidity. To test this 

possibility, soil columns, simulating field profiles, were 
constructed in the laboratory and various Ca salts were 
mixed in the 0 to 15-cm layer. Addition of 1,200 mm water 

as CaCl, CaSO,, and CaCO, 
to 2,000 kg/ha Ca added 

caused Ca movement to 180, 75, and 25 cnm, respectively. 

Calcium sulfate decreased Al saturation and increased 

soil p11 at depth. 


Several field experiments were sampled to determine 
tie effect of previous treatments on the movement of 
Ca + Mg. Three to four years after application of gypsum, 
in ordinary superphosphate, subsoil pH -tsd Ca + Mg 
status were increased, and Al saturation decreased at 
depths as great as 75 to 90 cs. Zea nwys L. roots growing 
in the improved subsoil environment were ale to take 

up water withstand droughts.rougtssuimand up wter nd wthsand 

Gypsum, Sulfate sorption, SoilAdditional index words: 
Subsoil pit, Ca + Mg, Aluminum satu-

ration, Maize, Liming, Drought resistance. 
wat. extraction, 

FFICIENT root growth in the subsoils of Oxisols 
and Ultisols is often precluded because the roots 

of many agronomic crops are sensitive to soil acidity. 
This presents a serious imlpediment to crop pioduc-
tion, particularly during dry periols when the plants 
quickly exhaust the available soil water in tile limed 
surface layers. 

The tropical savannah region ("cerrado") of central 
Brazil occupies approximatelv 180 million ha, much of 
it level or gently rolling. Adquate light intensity, an-
nual rainfall of about 1,500 mm, and generally excel
lent soil physical properties intlicate a large potential 
for food production. The frequent occurrence of rain-

less periods of I to 3 weeks dturation during the rainy 
summer season, however, is a serious problen to ex-

pantled agriculture. 
One way of redtucing the effects of tile dry periods 

is throuighs deeper root growth. (onzalez (1976) 
showed that incorporation of lime to 30 cm allowed the 

to penetrate and use stored water throughoutroots 
the limed layer. Increasing the depth of liming from 

0 increased average ield of maize grain 1,300
to 30 cm irs0 

kg/ha. 
There is a great deal of interest in exploring ways 

to thse program of research ors soil fertilityContribution 
carried out by the Universities of North Carolina State and 
Cornell, in collaboration with CP.\C/ENI11RAPI\ asd USAID. 
tinder contract ,uimheis Al)/ta-C-l 0-1ani AID/ta-C-1236. 
Agroi. Paper No. 1270. Rec.ised s5Oct. 1978. 

'Research associate, Cornell Univ., Ithaca, NY 14853, assd 
soil scientists, Centro de 'esqiisa .\gropecuiria dos Cerrados/ 

ENIBRAPA, Planaltina, D. F. lraih, respectively. Mr. Currea 
is curetly at the CentTo ite lesquisa ti Gado de Corte, Canpo 
Gsande, Mato Grosso. 

for reducing the effects of subsoil acidity which do not 
necessitate the use of deep plowing or similar mechani
cal methods involving large expenditures of fossil fuel 
energy. Pearson et al. (1962) showed for Puerto Rico 
that heavy applications of ammonium sulfate in asso

ciation with lime promoted movement of Ca to depths 
of 60 cn over a period of 2.5 years. Weir (197,1) found 
that the use of residual-acid N fertilizers in association 
with surface applications of line resulted in an appre
ciable downward movement of baes in a Red-Yellow 

Latosol. Reeve and Sumner (1972) found that al
though the leachate from the heavily limed surface 
soil of a South African Oxisol increased sub-surface 
Ca, a much greater increase occurred with equivalent 

applications of gypsum. In a medium-textured Red-
Yellow Latosol near Brasilia, Brazil, Gonzalez (1976) 
found marked movement of Ca to '45 cm with applica
tions of 218 kg/ha P as ordinary superphosphate (OSP).
ie suggeste1 that the approxinately 1,500 kg/ha gyp-

Fesgetdta contained rmight(CaSO.s.2-I 2 0)h prxmtl in the ,0OSP glagp be 
bethe n Couto
r n for e 


et al. (1979)responsible for the movement. Couto 
showed that sulfate added to highly weathered tropi
cal subsoils raised pH, probably by causing ligand ex
change with hydroxyl groups. 

In order to further investigate the practical aspects 
of Ca leaching, soil column experiments were initiated 
in the laboratory, and field experiments already in 
existence at the Cerrado Agrictltural Research Center 
(CPAC) near Brasilia, Brazil, were sampled at depth 
to observe the effects of various applications of soil 
amendments on the chemical status and rooting con
ditions in the subsoil. 

MATERIALS AND METHODS 

Laboratory Column Experiments 
Duplicate columns 218 cm tall were set up with sections of 

9.7-cm-inside-diameter PVC irrigation tubing 5 or 15 cm long. 
The columns were carefully filled section by section with air
dried soil screened through a 2-mm sieve to obtain a bulk 

that of soil in the field.density of 1.08 g/cm3, approximately 
The 0 to 15-cm sections consisted of surface soil collected from 
an experiment carried out on a claye) Dark Red Latosol, Cer
radio phase (Typic Haplustox, fine, kaolinitic, isohyperthermic, 

in the U.S. Taxonomy). C ainary superphosphate fertilizer. 
secequivalent to 873 kg/ha P, was mixed in the 0 to 15-cm 

tions. This supplied about 600 kg/ha Ca as Ca(ll.POs and 
about 1,00 kg/ha Ca as CaSO,-211O. During the 2 years that 
this soil was cultivated, it received 314 kg/ha P as OSP, 3,000 
kg/ha lime, and 208 kg/ha K as KCI. The remainder (15 to 
210 cm) of tise columns consisted of virgin soil from the 30 to 
45-cm layer of a profile excavated near the experiment. Chemi

soils are shown in Table I.cal properties of the 
Each day for 15 days 100 mm of distilled water (slightly more 

than the maximum daily rainfall observed in 1976) was dripped 
slowly onto tle surface of the columns. After flow from the 

the soil from each section was thoroughcolumns nearly ceased, 
ly mixed, sampled for water content, dried, and chemically 
analyzed. 

Extractable Al was measured by mixing the soil with I N 
KCI (1:10 soil solution ratio) and titrating the extract with 
0.10 N NaOH to the bromthymol blue endpoint. Exchange

40
 

I 
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able Ca and Mg were similarly extracted and measured by atomic 
absorption spectrophotometry or by titration with 0.01 N EDTA 
with Eriochrome Black T. as indicator (Vettori, 1969). Poas-
sium was determined by flame photometer on a 1:10 soil:solu-
1ion extract of 0.05 N IICI + 0.025 N H1SO, stirred for 5 min-
utes. Sulfate was extracted with monobasic Ca phosphate and 
determined turbidometrically (llunter, 1977). The pH was 
measured in a 1:1 soil:water suspension after equilibrating I 
hour. Soil moistuie was measclcd by oven-drying at 105 C for 
18 hours, 

The agiectennt between the duplicate columns was consid-
cred sufficient to pioceed without replication, 

The second c-,lun experiment was carried out on a recon-

structed 0 to 135-cm profile removed in 15-cm increments from 
Ite same excavation. The initial values of extractable Ca in 
the test soil before leaching are shown in Fig. 1. Tlse initial 
p1 H was .1.5 at the 15 to 30-cin depth and 4.1between 30 and 

Table 1. Leaching Influences on chemical properties of an Oxisol 
that had received heavy applications of ordinary superphos-
phats. 

Depth in 
column 

m 

0to 15 
15 to 218 

o to 15 
15 to20 

20 to 25 
25 to30 
30 to45 
45 to60 
60 to75 
75 to9090to 105 

105 to 120 
120 to 135 
135 to 150 
150 to 165 
165 to 180 
180 to 195 
195 to 210 

0 

"30
 

60
 

W 120. 

150 

ISO 

210 


Al Water 
pH Ca Al Mg K saturation content 

- meqf100g - ppm - % _ 

Before treatment and before leachin5 
-5.2 1.80 0.04 0.43 108 2 

4.0 	 0.03 0.6 0.03 8 87 -

After leaein . 

5.4 2.89 0.0 
5.0 1.10 0.2 
4.7 0.58 0.5 
4.7 0.63 0.4 
4.7 0.67 0.4 
4.7 0.74 0.4 
4.7 0.71 0.4 
4.8 0.26 0.54.8 0.02 0.6 

4.5 0.03 0.5 
4.4 0.03 0.5 
4.4 0.04 0.5 
4.3 0.04 0.6 
4.2 0.05 0.6 
4.3 0.05 0.6 
4.4 0.05 0.5 

0.5 1.0 

Ca 


0.18 19 0 26 
0.04 19 13 29 
0.03 16 42 29 
0.03 16 39 29 
0.04 15 36 30 
0.07 20 31 31 
0.14 22 33 31 
0.18 13 49 31
0.02 5 91 32 

0.02 6 90 32 
0.02 6 90 33 
0.02 7 87 34 
0.02 7 87 37 
0.03 8 85 41 
0.03 8 84 45 
0.03 8 84 49 

Ca 
1.5 ,4.40 

(kg/hol 


60 cm, and 	rose gradually to 5.0 at 135 cm. Extractable Al was 
0.9 meq/100 g at 15 cm, anI gradually decreased to zero at 
the 105-cm depth. The virgin 0 to 15-cm soil that received the 
treatments shown in Table 2 was incubated for 3 weeks, and 
then air-dried. The columns were constructed as before except 
that total height was increased, and the 135 to 233-cm sections 
were uniformly filled with a very low CEC subsoil. Before 
addition of the air-dry 0 to 15-cm section, the remainder of each 
column was pre-moistened by daily additions of 40 or 80 mm 
water until dripping commenced. After the top section was in 

the mm/dayplace, water was slowly added to column at 40 
until a total of 1,200 mm water had been applied. Tihe col
umnisto were was as fromn excepttie top bottom of each2) cm thickdismountedremovedbefore, thatanda layer of soil 1 

section i order to avoid contamination ham te soilin the 
adjacent section. 

Field Experiments 

To observe die effects of Ca and Mg leaching under field 
cor.ditions, soil samples were collected from two expriments at 
CPAC. The experiments were located on the same soil used in 
the columns, about 400 m from the excavated profile mentioned 
earlier. 

The first experiment sampled was a P rate study initiated 

in November, 1972 (Yost, 1976). Varying broadcast rates of 
OSP were applied and incorporated to 20-cm depth after 4,000 
kg/ha calcitlc lime were plowed in. The 875 kg/ha P treatment, 

however, received 35 kg/ha P banded initially and 838 kg/ha 8 
monthsu later. The five replications in the experiment were 
sampled after the fifth and sixth maize harvests, using com
posites of three and five subsamples per plot respectively. Com

posites of samples from five locations 2 ni outside the experiment 
(where no lime or fertilizer had been applicd) were also col
lected. 

The influence of three levels of lime on Ca and Mg move
ment were analyzed by sampling a P sou.rces X lime factorial ex
periment planted with Brachiaria decurnbens pasture grass in 
December, 1973 (R. S. Yost et al. 1974. Phosphorus sources and 
rates for forage crops. p. 92-102. In Soil Science Dep. Agron
omic-economic research on tropical soils. Annual Report for 

1974. North Carolina State Univ., Raleigh.). Large plots treated 
with 0. 3,000, and 4,500 kg/ha of limestone were divided into 
15 subplots each. The subplots received broadcast applications 
of various rates of several 1Pfertilizers which were incorporated 
to 20 cm. In June, 1977, treatments of interest were sampled 
by compositing three soil subsamples from each subplot of the 
three replicates in the experiment. 

(meq/lOOg) 
0.5 1.0 1.5 0 0.5 1.0 1.5 

Ca (kg/h) 	 Co (kg/ha)
 

0 SooS04 02000 CI
0 2o00 s0 Value
0 Initial4 


a00 
0 800 C0; 
* 2000 CO; 

Fig. 1.Results of the second column experiment showing the effects of various anions on the distribution 	of Ca after leaching 
Calcium as carbonate,

with the equivalent of 1,200 mm rainfall in a reconstructed virgin Dark Red Latosol profile 0 to 135 cm. 


sulfate, or chloride was added to the 0 to 15-an layer and incubated 3 weeks before leaching began.
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RESULTS AND DISCUSSION 

Laboratory Column Experiments 

Selected chemical properties of the soil colunis in 
the first experiment before and after leaching are listed 
in Table 1. Calcium, K, and Mg all moved as a pulse. 
The movement of Mg 2 * was greater than that of K" 

-which was greater than that of Ca2 . In the zone of 
increased base status (15 to 90 cm), pH increased and 
KCI-extractable Al tended to decrease.

The equivalent of 800 mnm precipitation drained
from the column after the last addition of water with 
thf resulting distribution of water content as shown 
Tlresuling i cibutn ,ofo wthe oit is s n(Table 1). Field cap acit\v for th ese soils is approx i-mate y 2~''Theconentwasate essof 

2 Tct.than 5/ 
Of field capacity in the top 135 cm of the column. 

The results of the first coluni expe iment with OSP 
showed that tile leaching observed by Gontalez (1976) 
could be reproduced in the laboratory. The substitu-
tion of CaSO4 for OSP in the second experiment gave 
similar results (Fig. 1), confirming the suppositionof Gonzalez that gp)sml in the OSP~was resp~onsible
fozez acigy o r eli 


nor leobservedr
the leacingIn the second column exp~eriment the Ca chiloride 

treatment produced pulse movement of Ca 2l to as deep
t utreatment, 

but the Ca' Pulse from CaCOa reached only 2525 cmibut0 the 2
2 

pulse fro Ca C r a ea ol cm 

into the soil (Fig. 1). 
toIncreasing the Ca sulfate rate from 800 kgiha Ca 

2,000 kg,/ha Ca increased the depth of important Ca 
from .15 cm to 75 cm. The extractablepeneration 

Al content decreased in the subsurface sections where 
Ca and sulfate contents were high, and there was aI 
tendency towards increased p-1 (data not shown), but 
the effects were somewhat less marked than in the 
first colunmn experiment. 

inDifferences in the rate of descent of Ca observed 
the second experiment can be partially explained by 
the nature of the accompanying anion, which must be 
present to maintain electroneutralitN. The carbonate 
of the limed treatments is neutralized by reaction with 
the acidity present in the surface soil and ,o no anion 
is available to accompany the Ca, most of which is 
absorbed on the cxchange complex (Reeve and Sum-
ner, 1972). The Ca added as CaCI2 leached time most 
rapidly. Chloride does not readily react with the soil, 

Table 2. Chemical properties of the 0 to 15-cm layer of an Oxisol 
following application of Ca" carriers and incubation for 3 
weeks at 83% field capacity. 

Calcium1 Calcium 
source rate PH A Ca Ca + g 

kg/ha meq/100 g 
Before incubation 

- 4.4 1 1 0.1 0.3 

After incubation 

Check 0 4.1 1.2 0.1 0.4 
CaCO, 800 5.0 0.1 2.4 2.7 
CaCO, 2,000 5.9 0.0 5.1 5.4 
CaSO, *2HO 800 4.3 0.8 2.6 2.7 
CaSO, - 2HO 2,000 4.3 0.6 6.1 6.1 
CaC1, 2,000 3.7 0.7 5.9 6.2 

t All but the check treatment also received monocalcium orthophosphate 
equivalent to 131 kg/ha P. 

and Ca chloride is quite soluble: the 2,000 kg/ha Ca 
level dissolves in the equivalent of 1 mm of rain. Cal
cium sulfate is less soluble: 226 mm of precipitation 

are required to dissolve dhe same amount of Ca. More
over. tile rate of descent of sulfate is slower because 
of reactions of sulfate with the soil. 

Field Observations 
The distribution of Ca + Mg with depth as a func

tion of rates of P as OSP applied in tie field is shown
tinoraeofPsOPapldinheil ssow 
in Fig. 2 and Table 3. Analysis of the 70 and 873 kg/
ha P treinents for phosphate-extractable sulfate in
dicated that the layers below 30 cm with high valuesof U + Mg a s h d hi h u at c n e ts ( s l s n tGa + Mg also had high sufate contents (results not 
shown). The I- of the subsoil was significantly in

creased by OS additions. Decreases in Al saturation 
wcreases in Al as w as by 
increases in the Ca + Mg status. 

The agronomic significance of the reduction in sub
surface acidity was demonstrated by comparing thewater uptake on a plot receiving 559 kg/ha P as OSP 
with that o:curring in a nearby nmaize experiment fer
tilized with ek P triple S(S) fe 1,18 kg/hafsvr as ruh.I superphosphateh 
(TSP), after 2 weeks of severe drought. In the TSP 

no roots were found below 45 cm, where 
the Al saturation was over 60% (Table 4). The wilt
ing maize plants on the TSP plot had extracted more 
water from the 0 to -15-cm layer than those in the other 
plot, but the deep roots of the OSP treatment had 
better utilized water from '45 cm to the lowest depth 
measured (120 cm). 

The effect of increasing liming rates on Ca + Mg 
movement for several P sources is shown in Fig. 3. 
At each rate of lime ordinary superphosphate produced 
more Ca + Mg movement than the other P sources. 
The movement observed in the limed no-P treatments 

Table 3. Soil properties at selected depths as a function of rates 
of OSP applied in 1972 (838 kg/ha P of the 873 kg/ha treatment 
was applied in 1971). 

Depth Padded pil Ca + Mg Al 
cm kg/ha moqii0g 

SampledJune, 1977
 
30to45 70 4.54 0.84 0.51
 

240 4.70 0.74 0.46
279 4.82 1.03 0.38 
559 4.84 1.48 0.31 
873 4.86 1.38 0.26 

Sr (24 dO 0.083 0.097 0.043 
45to60 70 4.34 0.54 0.42
 

140 4.46 0.68 0.34
 
279 4.64 0.79 0.28

559 4.92 1.42 0.17 
873 4.86 1.42 0.20 

Si (24 dO 0.060 0.077 0.030 
Sampled Aug. 1976 

45 to 60 Virgin 3.97 0.02 0.56 

70 4.09 0.20 0.46140 4.26 0.40 0.34 
873 4.72 1.11 0.23 

Si (12 df) 0.083 0.067 0.043 

75 to 90 Virgin 3.98 0.09 0.20 
70 3.98 0.18 0.29 

140 4.07 0.25 0.19 
873 4.74 1.00 0.10 

Si (12 df) 0.050 0.090 0.020 



RITCHEY ET AL.: CALCIUM LEACHING IN AN OXISOL 

1 2 3
0 1 , ,Plant 

st Border 70 140 073 
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-
!6o 

asulfate 
7 

90-
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12o-

Fig. 2. Effect of varying rates of P (kg/ha) as OSP on Ca + 

Mg in the soil profile as sampled August, 1976. Standard er-

ror of the mean is based on 12 df. 
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02 

Si 
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is presumably made possible by the anions associated 
with blanket applications of KCI, urea, and sulfates. 

growth and associated nutrient uptake on these 
treatments were very small. Calcium might also have 

transported by diffusion and animal activity. 

CONCLUSIONS 

The persistence of CaSO 4 in the soil depends on 
the rate of dissolution of added gypsum, the degree of 
sorption, and the rate of subsequent desorption. Couto 
et al. (1979) found that the B2 horizons of two Bra
zilian Oxisols and an Alfisol sorbed from 0.4 meq to 
about 1.1 meq S04=/100 g soil from solution, while the 
Ap horizon sorbed much less. After the sulfate sorp
tion capacity of the soil is reached, additional soluble 

is present only temporarily, and as water moves 
through the soil it leaches to lower portions of the 
r rofile. Once all the CaSO 4 incorporated in the sur-

Face layer has dissolved, continued addition of water 
causes desorption of some of the sulfate (Couto et al., 
1979). The extent of the desorption determines how 
greatly the soil will be permanently changed as a 
result of one application of Ca sulfate. The process 
is not rapid; in the experiments reported here, sig
nificant concentrations of Ca + Mg are still evident 
at depths of interest 6 years after application. 

Movement of Ca sulfate into the subsoil improves 
the conditions for root growth in several ways. Ad
ditional Ca is needed to meet the nutritional require
dit o C ro o grow th use iso nal r e r
ments for crop root growth because some native Cer
rado soil solution levels of Ca are as low as 1.2 ppm 

fmeq/lOOg) 

1 2 

k/h) o 
U 602 Ock 
o 602 Gofso Rock 
9 602 Aroxo Rock 
00 

LIME 4500 kg/ho LIME 

I 


Gafsa rock ("hiperfosfato") Is a treated
Fig. 3. The distribution of Ca + Mg in the P sources X lime experiment for three P sources. 

Araxa Rock Is a Brazilian rock phosphate of low citrate solubility. Standard 
Moroccan rock phosphate with high citrate solubility. 

error of the mean is based on 24 df.
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Table 4. Compared effect of ordinary superphosphate versus 
triple superphoophate on depth distribution of soluble Ca + 
Mg, pH, Al sAturation, maize rooting, and moisture content in 
an OxisoL The soil moisture values are significantly different 
at 90%or 96% in all but the 30 to 45-cm and 75 to 9-sm layers. 

Ai s oil 

Depth TSP OSP TSP OSP TSP OSP TSP OSP TSP OSP 

cm meq/I00g % % 
0 to 15 3.4 1.9 5.4 5.1 1 14 yes yes 13.6 16.6 


15to30 2.1 1.3 5.0 4.7 12 30 yes yes 18.1 19.9
 
30to45 0.8 1.4 4.6 4.7 47 21 yes yes 20.2 21.7 

4to60 0.5 1.5 4.1 4.8 61 12 no yes 22.7 20.6
 
60to75 0.4 1.1 4.0 4.5 62 17 no yes 23.6 20.8 

75 to90 0.2 0.3 4.2 4.6 73 18 no yes 24.3 2,.3 

90to105 0.1 0.5 4.2 4.3 80 22 no yes 2b.0 23.2 


105 to 120 0.1 0.5 4.2 4.4 74 8 no yes 25.3 24.1 

(Gonzalez 1976). Increasing the level of Ca in the 
soil solution also redcuces the ratio of Al to bases. This 
decreases the toxicity of Al (Zanstra, 1972). As shownincrTabes andthe , 	 o. tA c-toxicityofAlabstamoun 
in Tables I and 3, the aibsolute amount of extract-
able Al also decreases with Ca sulfate additions, pos.
sibly because of increases in pH arising from sorption
osl 
of sulfate. Rajn (1978) showed that OH- was released 
when S0 4 = was sorbed by Fe oxides, and Parfitt (1978) 
showed the same for Al oxides. Couto et al. (1979) 
showed pH increases of up to 0.5 units when Brazilian 
soils were treated with sulfate solutions. The changes
in pH observed in our column and field experiments 
were variable, but an increase of from 0.1 to 0.8 units 
was almost always observed where the Ca status of the 
soil was increased due to Ca sulfate additions. In 

contrast, the soil layers to which Ca chloride had 
leached tended to show a decrease in pH when com-
pared with the check column (data not shown).

Significant reductions in Al toxicity can be obtained 

with relatively small additions of Ca sulfate because 
of the low CEC of the soils. For example, in the P 
sources x lime experiment at the 60 to 75-cm depth
inuthes 4,500kgha retatmt,0 t a +mMg iJaneiro,lime 
in the 4,500 kg/hia lime treatment, the Ca + Mg in-
crease due to OSP was 0.52 meq/100 g. The pH in-
creased 0.75 units and the exchangeable Al decreased 
by 0.31 meq/100 g. The combined result was a marked 

decrease in Al saturation: from 64 to 2.4%, which is 
sufficient to allow maize root growth (Table 4). 

Couto et al. (1979) veritied the observations of other 
authors that sulfate sorption decreases as the pH in-
creases. As shown in Fig. 3, increasing the rate of lim-

ing greatly increased the amount of Ca which leached 
below the 30-cm layer. Although the location of the 
Ca peak remained the same, the application of 4,500 

kg/ha of lime reduced the Al saturation to about half 
or less of the value where no surface lime had been 
applied, down to a depth of 75 cm (data not shown).

The marked leaching of K and Mg associated with 
the addition of gypsum indicates that special attention 
should be paid to maintaining adequate levels of these 
nutrients in the surface soil (Table 1). 
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