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The effects of lime {Ca{OH),) and disodium orthophosphate (Na,POH) added separately to selected
Alfisols of the Acentejo Area {Tenerife, Canary Islands) have been studied. These soils have excessive
acidity and a very high amount of exchangeable aluminium. Ca(OH), significantly (P = 0.01) increased
soil pH {(at 50% acid neutralization} and available P (at 100-200% acid neutralization}, and decreased
exchangeable Al (at 12.5% acid neutralization) while the addition of Na,PO,H did not significantly
affect the available P, exchangeable Al, or the pH of the soil. It is recommended that Alfisols should
be treated with lime to neutralize 100-200% of the acid using wetting and drying cycles during

equilibration before adding P.
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The poor growth shown by many plants on acid
soils, particularly those with a pH <5.5 may be
attributed to the acidity itself, the deficiency of P
and Ca, or the toxicity resulting from the presence
of Mn and Al in the soil (Schmehl et ai., 1950;
Andrew et al., 1973; Foy et al., 1973a; Keisling
and Fuqua, 1979). In most cases, the importance
of the individual factors cannot readily be determined.

The symptoms of Ca and P deficiencies are fre-
quently confused with Al toxicity (Randall and
Vose, 1963; Johnson and Jacksen, 1964; Lee, 1971),
and the two tend to occur together because when
Ca decreases, Al occupies its exchangeable posi-
tions. With respect to P, this element is blocked
by Al in the plant including the roots.

The soils of the study area, Acentejo region, have
high acidity with pH values between 4 and 6 in
aqueous suspension. The exchangeable complex has
a low contenl of Ca {26.7%) and high levels of
Al [10.7%) [Gutierrez et al., 1987). All these char-
acteristics seem 1o indicate that the addition of Ca
and P could improve several of the physical and
chemical properties of these soils {Gutiérrez et al.,
ibid.; Trujillo et af., 1987} and, therefore, the general
fertility of the soil with a possible beneficial effect
on vyield.

The aim of this study is to report the variation
of soil acidity due mainly to exchangeable Al, and
available P, with the addition of Ca and P to the
soil.

Materials and methods

The seven soils used in this study were volcanic
Alfisols (Typic Haplustall) from the Acentejo region
in the north of Tenerife. The aqueous suspension
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of the samples {1:2.5) had a pH ranging between
4.2 and 4.8 and an exchangeable acidity due to
the contribution of (Al + Mn + H) between 14.69
and 19.34 meq 100g!.

Two experiments were carried out {1} addition
to soil samples of inereasing amounts of P as Na,PO,H
at 0, 50, 100, 150, and 200 ppm; (2) addition
to soil samples of sufficient Ca(OH), to neutralize
a theoretical 0, 12.5, 25, 50, 100, 200, or 300%
of the exchangeable acidity. In both experiments,
after the amendments were added, three wet-dry
cycles over a period of 10 days were completed
and samples were incubated meoist for an additional
2 weeks at room temperature until a completely
dried sample was achieved. After incubation the
parameters determined were pH of the aqueous
suspension (1:2.5), exchangeable Al {extracted with
IN KCl) (Kamprath, 1970), and available P,O_
{Olsenetal., 1954). Both experiments and the chemi-
cal analyses were carried out on duplicate samples
and the values shown in the tables correspond to
the average value. Statistical analysis by variance
analysis (F-test) and the Duncan Multiple Range Test
{DMRT) were done with use of the statistical graphics
system of the Statistical Graphics Corporation
compuler program with P < .01 as a significant
difference.

Results and discussion

Some general characteristics of the soils [pH, O.M.,
P,O,, exchangeable cations {Ca, Mg, Na, K},
exchangeable Al extracted in 1IN KCl, CEC, and
exchangeable acidity (Al + Mn + H)] are given in
Table 1.
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Table ¥ Chemical properties of the soils

5 |

Exchangeable cations {meq 100g™) meq 100g!
sa?:‘ibe OM. PO, Exchangeable
number pH (%} {%) Ca Mg Na K Mn Al CEC acidity

1 4.7 2.58 104 asi .82 0.80 168 0.33 1.65 21.5 14.69
2 46 4.62 16 507 0.76 0.10 1.41 .16 1.76 23.1 15.76
3 4.6 2.35 149 297 273 0.12 1.77 0.24 2.54 215 1591
4 4.2 im 173 2.68 044 0.19 149 0.37 344 2149 16.20
5 4.8 4.56 69 6.54 1.00 0.16 0.63 0.18 099 254 17.07
6 4.3 1.34 69 2.30 0.74 0.10 0.88 0.13 3.30 22.8 18.78
7 4.2 268 83 2.06 0.33 0.02 1.35 0.27 5.18 23.1 19.34
.

Table 2 FEffect of P addition as Na,PO,H on some
soil chemical properties

Sl Soil chemical ppm P
number  property 0 50 100 1506 200
1 pH 4.7 4.7 4.7 4.7 4.7
2 4.6 47 43 47 48
3 4.6 4.7 4.7 4.7 4.7
4 4.2 4.2 43 44 43
s} 4.8 4.9 48 49 49
6 438 4.7 48 47 4.8
7 4.2 4.3 4.4 4.4 4.4
1 1IN KCi 149 153 147 150 153
2 extractable 159 193 167 199 184
3 Al (ppm} 229 245 221 210 208
4 . 319 326 328 347 335
Y 89 95 91 80 102
6. 297 270 281 250 257
7 467 454 448 452 416
1 s PO, 104 119 147 119 104
2 {ppm) 76 90 90 83 76
3 i 149 149 173 165 157
4 . 173 215 173 188 214
5 ) 6% 83 76 97 90
6 69 76 62 62 56
7 83 83 83 104 e
1 Ca 351 368 362 375 371
2 fmeq 100gy 507 394 397 403 514
3 297 286 292 293 360
4 268 250 247 245 312
5 654 725 72¢ 713 796
6 230 351 338 340 340
7 206 206 261 206 222
. H Mg 082 090 092 Q88 092
2 {meq 100g™ 076 076 077 076 078
3 073 065 068 063 064
4 044 040 036 044 046
5 100 087 . 08 083 084
6 074 674 075 077 072
7 033 025 025 030 024

Drfferences between treatments of each soil sample are not significant

Na,PO,H addition

The results of the addition of P on some soil properties
are set out in Table 2. The variations in the pa-
rameters with phosphate addition are not significant.
Even available soil P remained practically constant.
Therefore, the P added seemed to be fixed by the
Fe and Al oxides which are to be found in large

amounts in these soils (Femandez Caldas et al.,
1982).

Ca(OH), addition

The experimental results and statistical analysis for
Ca(OH), addition are given in Table 3. In all soils,
Ca(OH), increased the pH, and the pH for neutraliza-
tion 250% was significantly higher than the 0%
neutralization, according t¢ DMRT.

The exchangeable Al of all the samples, inde-
pendent of their original level of acidity, was reduced
by between about 10- and 75-fold after a theoretical
neutralization of 50% of the acidity (Table 3). The
higher the Al in the original soil, the more pro-
nounced was the decrease. Significant reduction of
exchangeable Al (P « 0.01 by DMRT) could be
observed from 12.5% neutralization. It should also
be noted that exchangeable Al changed very little
from 50 to 300% neutralization. At neutralization
>b0%, available P increased, and available P of all
soils were significantly (P < (.01} greater than the
contro] (0% neutralization) after 200% neutralization
had been achieved. This increase is probably a
result of changes in the chemical reactivity and to
the form in which the aluminium is found.

Liming of an acid soil causes two opposiie effects
on the available P. Firstly, P adsorption by the
amphoteric surfaces decreases when the pH increases
and, secondly, when the soils have a very high content
of exchangeable Al, hydroxy-Al polymers, which
constitute a new P-adsorbing surface in soils (Haynes,
1983}, may be precipitated. This situation is not
completely clear, but Haynes (1983} observed that
when a moistened acid soil with a very high
exchangeable Al content was incubated with lime
and P, the P adsorption increased. On the contrary,
if the limed soil was dried before adding the phosphate,
the P adsorption decreased. Apparently, drying
significantly changes the surface characteristics of
a limed soil. Haynes suggested that Al hydroxides
like gibbsite may crystallize as a result of drying.
More research on this topic is needed.

Exchangeable Ca content increased significantly
(P < 0.01) after 25% neutralization in most soils,
except for soils 1 and 5 where the increase was
significant after 50% neutralization had been
reached. The amount of exchangeable Mg for most
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Table 3 Effect of calcium addition as Ca{OH), on some soil chemical properties

—- e ————— e - —_—

Saii % Meutralization
sample  Soil chemeal - - ——-— oo - s T e — “Signilicarice
rurnber property 0 12.5 25 50 75 100 200 300 F leve]
b pH a7 19 51 572 63  69%  76a §4a 854 NS
2 4.6 49 51 57a 6.1a 6.5a 7 .ba 81a 91.9 NS
3 4.6 47 L0 57a 6.4da h.Ya 7.8a 84a g7.0 NS
4 4.2 4.4 51 5.2a 5 8a b.2a 7.5a 7 8Ba 94.6 M5
5 4.8 51 5.3 5.Ba 6.2a 6.3a 7.5a 7.8a 559 NS
; 6 4.8 50 5.8 6.0a 6.6 6.9a 7.8a 5.3a 1133 NS
7 .2 4.3 52 5.3a 5.Ba 6.3a 7.Ba 8.2a 1255 NS
1 1M KO 149 63a 2% da 3a 3a 3a 2a 126.1 NS
2 extractable 159 7la 29a 4a 3a 3a 2a 2a 1299 NS
3 Al lppm) 229 136a 63a 24a 14a Ha Ga ba 187.8 NS
4 319 205a 19a 14a 3a 3a 3a 3a 3236 NS
B) 89 43a 16a 3a 3a 2a 2a 2a 499 NS
6 297 102a 38a 4a 3a 3a 2a 2a 435.4 NS
7 467 305a 23a 15a Ba Ea 7a Ha 473.2 NS
1 PO, 104 104 104 119 112 134a 142a 14%a 14.8 0.0005
2 {ppm) 76 76 90 90 97 97 104a 1742 30.0 NS
3 149 149 142 14% 142 165 189 189a 14.9 0.0005
4 173 173 173 1581 189 189 27%9a 329 B7.0 NS
5 69 69 B3 o0 83 83 14%a 16ba 765 NS
6 b9 69 KLl 69 83 83 97a FFa 12.2 0.00]
7 83 o 97 97 119a 134a 157a 165a 66.1 NS
1 Ca 3.51 4.96 68.53 B.56a 11.22a 13 50a 19.80a 2560a 1081 M5
2 fmey 100y 507 620 7.67a 9.6% 11.6Z2a 13.14a 20,794 23542 2724 NS
3 2.97 421 554a B.45a 1¢. 66a 13.37a 20.98a 2529 2459 NS
q 2.68 41.68 7.6%9a 7.79a G5 81a 13.47a 20.77a 2553 1477 NS
5 654 6.72 B8.16 10.61a 12.60a 14 70a 24.04a 27.22a 1927 NS
6 230 329 7.61a 9.15a 11 60a 15.93a 24 925 29.04a 1987 NS
7 2.06 4.10 501a 8.2la 11 .84a 13,69 22 55a 26.83a 3770 NS
1 Mg 0.82 .85 0.76 0.69 0.60a 0.60a 0.44a 0.30a 216 0.0001
2 imaq 100g Y% 076 0.74 .72 .67 0.66 0.57 0.32a 0.30a 202 0.0002
3 .73 0.60 0.57 0.6% 0.58 0.55 0.34a 0.20a 13.3 0.0008
[ 044 046 0.43 .51 .47 0.43 0.35 0.24a 4.2 0.03038
.5 1.00 092 0.93 0.93 Q.82 0.82 0.64a 0.52a 97 0.0020
[ 0.74 0.72 0.71 068 0.64 0.62 0.3a 0.13a 29.8 NS
.7 0.33 0.35 0.36 0.35 036 0.11a 0.28a 0.11a 11.4 0.0013
L g . ——— - e -

row by Duncan's Muitiple Range Test

A

soils [e}:cept soil 4) did not decrease significantly
until 200% acid neutralization {Table 3).

Based on the results of this study Alfisols should
be treated with CalOH), or CaCO, and allowed to

equilibrate over a suitable time. Wetting and drying
cycles should be produced during the liming and
equilibration. The amount of Ca(OH], required to
change a soil with a pH of 3.5 and an exchangeable
Al of 280 ppm to a pH of between 5 and 6 and
an exchangeable Al of 11 ppm is presented here
as an example. The acidity (Al + Mn + H} should
be neutralized by 100 to 200%. An average value
of 150% requires the addition of 0.657 g of Ca
(OH), 100g™" of soil or 1.80 kg m™2 {or its equivalent
in CaCO, or Ca0) for a depth of 25 cm and an
apparent density of 1.10 g cm™3, the average for
this soil depth.
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