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RESUMEN

ABSORCION, TRANSLOCACION Y EFICIENCIA DE NUTRIENTES EN PLANTAS
DE PHASEOLUS VULGARIS L. cv CONTENDER EXPUESTAS A ALUMINIO

Plantas de judfa, Phaseolus vulgaris L. cv Contender, cultivadas en solucién nutritiva
(10% Hoagland, pH inicial 4.0) fueron expuestas a diferentes tratamientos con Al (0, 37,
93, 185,370 y 740 uM). La especiacién del Al en la solucién se realizé mediante el pro-
grama GEOCHEM. Tras 15 dias de exposicion se analiz6 el contenido de Al y de nutrien-
tes esenciales (K, Ca, P, Fe, Mg y Mn) en diferentes 6rganos. Se han calculado los valo-
res de inhibicién de absorcién y translocacién de nutrientes, asf como la eficiencia de
utilizacién para cada elemento y tratamiento. Se discute la importancia de los cambios
de pH inducidos por las plantas y de las alteraciones de los niveles de nutrientes esen-
ciales en el fenémeno de tolerancia al Al

Palabras clave: Aluminio. Especiacion. Phaseolus vulgaris L. pH. Nutrientes esenciales.
Tolerancia.

SUMMARY

Bean plants, Phaseolus vulgaris L. cv Contender were grown in nutrient solutions
(10% Hoagland, initial pH 4.0) with different Al concentrations (0, 37, 93, 185, 370,
740 uM). Aluminum speciation in solution was performed with the GEOCHEM pro-
gramme. After 15 days plants were analysed for concentrations of Al and of essential
nutrients (K, Ca, P, Fe, Mg and Mn) in different organs. Inhibition of nutrient uptake
and translocation, as well as nutrient efficiency was calculated. The significance for
Al-tolerance of both plant-induced pH changes and alterations of mineral nutrient is
discussed.

Key words: Aluminum. Speciation. Phaseolus vulgaris L. pH. Essential nutrients. To-
lerance.

INTRODUCTION

Aluminum toxicity is one of the blems on acid soils which principally
most important agricultural pro- occur in the tropics (Clark, 1982).
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In these regions, unexpensive lime
sources are usually not available, so
that the best way to improve crop
productivity seems to be breeding
for tolerance to Al toxicity and to
other chemical factors related to soil
acidity (Mn toxicity, P-deficiency,
etc.).

Varietal differences in the respon-
se to high Al activity has been re-
ported for different crops (Foy et
al., 1972; Horst and Klotz, 1990;
Massot et al., 1991). Nevertheless,
the mechanisms of Al tolerance are
not clearly established (Taylor,
1988).

The ability to increase the pH in
the rhizosphere has been related
with tolerance to Al, among others,
in Hordeum vulgare, Pisum sativum,
Secale cereale, and Triticum aesti-
vum. But there are also cultivars of
several species, Glycine max, Hor-
deum vulgere, Phaseolus vulgaris, in
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which Al-tolerance could not be re-
lated to plant-induced pH increase in
the rhizosphere or the nutrient so-
lution (Taylor, 1988).

In former nutrient solution studies
we found that Phaseolus vulgaris L.
cv Contender is moderately Al-to-
lerant (Massot et al., 1991) and that
effect of Al on the growth of this
cultivar was unrelated to plant-in-
duced pH changes in the nutrient
solution (Massot et al., 1990). In
the present study, using the same
cultivar, we analysed the effect of
different Al concentrations on both
the inhibition of uptake and translo-
cation of certain essential nutrients
and the nutrient use efficiency. The
GEOCHEM programe (Parker et al.,
was used for ion-speciation in the
nutrient solution in order to reveal
possible correlations between metal
complexes, pH and growth response.

MATERIALS AND METHODS

Seeds from Phaseolus vulgaris L.
cv Contender (Rocalba, SA) were
germinated on perlite with distilled
water. At day eight from sowing,
seedlings were transplanted to con-
tinuously aerated 10 % Hoagland nu-
trient solution containing 0, 37, 93,
185, 370 and 740 uM Al as
Al, (S0,4);.6H, 0. Plants were grown
for further 15 days in a growth
chamber under the following condi-
tions: photoperiod 12 h light, 12 h
darkness; photon fluence rate 150
pE s™' m™ day/night temperature
26 °C/18 °C; day/night relative hu-
midity 70% / 85%.

At day 15 from transplantation,

plants were harvested. Dry weight
of roots, stems, primary and first
trifoliolate leaves was determined
after 48 h at 80 °C. Oven dried ma-
terial was dry ashed at 450 °C and
Al was determined according to Jay-
man and Sivasubraniam (1974). Con-
centrations of K, Ca, Fe, Mg and Mn
were determined by atomic absorp-
tion spectrophotometry (Perkin El-
mer, 703). Phosphorous concentra-
tion was determined according to
Allen et al. (1974). Given results are
the mean of three replicates per
organ and treatment.

With these data inhibition of up-
take was calculated as:
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PI=[(Uy, —U;)/ Up] - 100

where U, is the amount of a given
nutrient in the control and U, in the
Al-treated plant (Rengel and Robin-
son, 1989). Inhibition of translo-
cation was estimated by the shoot/
root ratio of nutrient content and
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nutrient use efficiency was calcula-
ted as the coefficient between total
plant dry weight and the total
amount of a nutrient.

For ion speciation in the nutrient
solution, the PC version 2.0 of the
GEOCHEM programme (Parker et
al., in press) was used.

RESULTS

Table 1 shows the activity of free
Al and the per cent distribution of
complexed Al in the nutrient solu-
tions with different total Al concen-
trations and an initial pH of 4.0. The
activity of free Al was significantly
lower than the total Al concentra-

tion supplied and did not linearily
increase with the Al supply. Alumi-
num formed soluble complexes
mainly with sulphate, phosphate
and EDTA. The percent of phospho-
rous and sulphur complexed with Al
increased with Al supply. In controls

TABLE 1

Total concentracidn (lUM), activity of free Al (UM) and per cent distribution of soluble
Al-complexes in the nutrient solutions with an initial pH of 4.0.

Total Al concentration. . . Control 37.0uM 93 uM 1850uM 370.0 uM 740 uM
Activity free Al. . .. .. .. — 47uM 156 uM 641 uM 722 uM 132uM
% distr. of Al conc.:

Free Al ............. — 212% 285% 607% 362% 363%
Complexed with' SO4 . . . . — 53% 100% 292% 272% 403%
Complexed with PO, . . . . — 450% 486 % 00% 313% 194%
Complexed with EDTA . . - 267% 107 % 54 % 27 % 1.3%
Complexed with OH™. _ . . - 1.7 % 23 % 4.7 % 2.7 % 26%
% distr. of PO, :

Complexed withH. . . . .. 90% 905% 764% 447% 41.7% 279%
Complexed with Al . . . .. — 83% 226% 547% 577% 718%
% distr. of SO4:

Freé80s.: , cnnuii’vien 932% 921% 898% 803% 793% 703%
Complexed withCa . . . . . 47 % 47 % 44 % 37% 34% 2.7 %
Complexed with Al . . ... - 12% 38% 142% 156% 256%
% distr. of EDTA:

Complexed with Fe . . ... 879% 02% 01% 001% 001% 000%
Complexed with Al .. . .. — 989 % 993% 995 % 996 % 997 %
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FIG. 1.—Dry weight of different organs of bean plants exposed to
different Al concentrations.

more than 90% of EDTA was com-
plexed with Fe, while in presence of
Al almost all EDTA was complexed
with Al (Table 1).

The bean plants substantially in-
creased the pH of nutrient solution
(Table 2). But the pH change was
not correlated to the Al-treatment,
which may result in lower free Al
activities in solutions with higher
total Al concentrations as illustrated
by the theoretical calculation of free
Al activity using the initial total Al
concentrations (Table 2).

The growth response of plants
exposed to different Al concentra-
tions is shown in figure 1. The total
plant dry weignt significantly de-
creased with 93 uM Al in solution,

but higher concentrations increased
dry matter accumulation. Alumi-
nium supply significantly increased
the Al concentration in all plant
organs (Fig. 2). But plant dry weight
was not correlated to Al accumula-
tion in the different organs. Alumi-
num uptake significantly increased
with Al supply (Table 3), exhibiting
significantly higher Al concentra-
tions in roots than in upper plants
parts (Table 4). The supply of Al
significantly affected the uptake of
essential nutrients. Generally, the
percent inhibition of uptake was
highest for the 93 uM treatment
(Table 3). Manganese was mostly
affected, followed by K, Ca, Mg
and P. No clear response pattern
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FIG. 2.—Aluminum concentration in different organs of bean plants
exposed to different Al concentrations.

was observed for higher Al supply
(Table 3). The inhibitory effect of
the 93 uM treatment was not ex-
clusively due to the Al-induced
growth inhibition, yet relatively

high nutrient utilization index (total
dry weight/total amount of nutrient)
(Table 5) were found for the 93 uM
Al-Treatment.

DISCUSSION

Our results confirm earlier fin-
dings (Massot et al., 1991), which
indicated that, under our experi-
mental conditions, the bean cultivar
Contender shows Al-tolerance. Plants
exponsed to Al concentrations up to
370 uM Al increased the solution
pH. This effect has been related to
preference for NOjJ uptake in mixed,
NH,-NO,, solutions, which may
affect the relative uptake of cations

and anions, leading to pH increase
(Taylor and Foy, 1985). The failure
of plants exponsed to 740 uM Al to
increase the pH of the nutrient so-
lution may be due to both the buffer
effect of Al in solution (Driscoll and
Schecher, 1988) and the excess of
cations taken up by plants exposed
to this high Al concentration. The
increase of solution pH causes preci-
pitation of AI(OH); and drastically
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reduces the activity of free Al in
solution. Nevertheless, plant-induced
pH increase may not explain the to-
lerance of Contender, yet plants did
not show growth reduction but
growth stimulation when grown in a
solution containing 740 uM Al, in
which pH remained low.

In contrast, growth inhibition was
observed in the 93 uM Al treatment
with a final pH of 4.4. This suggests,
that the increase of solution pH was
a consequence of tolerance rather
than its cause.

The Al-induced increase of dry
matter accumulation observed in our
experiment remains difficult to ex-
plain. Heiriah et al. (1990) have pro-
posed that Al-induced increase of
plant growth may be due to an Al-
induced reduction of toxicity of
other elements occurring in supra-
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optimal concentrations in solution,
e.a. P, N or Ca. The P concentration
in the 10% Hoagland nutrient solu-
tion used in this experiment is higher
than P concentrations in solutions of
acid soils, but the P concentrations
in plants did not indicate toxicity.
Although, the optimal P concentra-
tion for this cultivar remains to be
established.

Our results on Al concentrations
in roots and shoots suggest, that Al-
tolerance was not due to exclusion
of the metal from roots and may be
unrelated to the plant-induced pH
increase, but restriction of Al-trans-
location to shoots was achieved.
Further studies on the cellular and
subcellular localization of Al in
roots will help to clarify the tole-
rance mechanism.

CONCLUSIONS

We may conclude from our study,
that the growth response of the bean
cultivar Contender to Al was neither
in good correlation with the activity
of free Al in solution and the Al
concentration in tissues nor to the

plant-induced increase of solution
pH. Therefore, the Al-tolerance of
Contender does not seem due to
exclusion from roots, but to inter-
nal tolerance mechanisms.
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