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SOIL EXCHANGEABLE ALUMINUM INFLUENCING THE GROWTH AND LEAF
TISSUE MACRONUTRIENTS CONTENT OF CASTOR PLANTS'
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CARLOS ALBERTO VIEIRA DE AZEVEDO*, VALDINEI SOFIATTI®, NAIR HELENA DE CASTRO ARRIEL?

ABSTRACT - Three castor (Ricinus communis) genotypes were studied regarding tolerance to high exchange-
able aluminum in the soil and the changes in macronutrient content in leaf tissue. The treatments consisted of a
factorial distribution of five doses of exchangeable aluminum added to the soil (0, 0.15, 0.30, 0.60, and 1.20
cmol, dm™) and three castor genotypes (BRS Nordestina, BRS Paraguagu, and Lyra). The plants were raised in
pots in a greenhouse. At 53 days after emergence, data were taken on plant height, leaf area, dry mass of shoot
and root, and leaf tissue content of macronutrients. The most sensitive genotype was the cv. BRS Nordestina, in
which the shoot and root dry weight in the highest aluminum content were reduced to 12.9% and 16.2% of the
control treatment, respectively. The most tolerant genotype was the hybrid Lyra, in which the shoot and root
dry weight in the maximum content of aluminum were reduced to 43.5% and 42.7% of the control treatment,
respectively.The increased exchangeable aluminum affected the leaf nutrient content, and the intensity of the
response was different among cultivars. The aluminum toxicity increased N, Ca, and Mg contents and reduced
on P, K, and S contents. The cv. BRS Nordestina had a drastic shoot dry weight reduction associated with an
intense increment in the N leaf content. Thus, the N increment was caused by a concentration effect caused by
the limited growth.

Keywords: Ricinus communis. Acidity. Plant nutrition.

ALUMINIO TROCAVEL NO SOLO INFLUENCIANDO O CRESCIMENTO E O TEOR FOLIAR DE
MACRONUTRIENTES DE MAMONEIRAS

RESUMO - Trés genotipos de mamona (Ricinus communis) foram estudados quanto a tolerancia a aluminio
trocavel no solo e a influéncia sobre o teor de macronutrientes no tecido foliar. Os tratamentos consistiram em
uma combinacdo fatorial de cinco niveis de aluminio trocavel (0; 0,15; 0,30; 0,60 e 1,20 cmol, dm™) e trés ge-
notipos de mamoneira (BRS Nordestina, BRS Paraguagu e Lyra). O experimento foi conduzido em vasos em
casa de vegetagdo. Aos 53 dias apds a emergéncia, mediu-se a altura da planta, area foliar, massa seca da parte
aérea e das raizes e os teores foliares dos macronutrientes. BRS Nordestina foi o genotipo mais sensivel, no
qual o peso seco da parte aérea e raizes no teor mais alto de aluminio reduziu-se respectivamente para 12,9% e
16,2% do tratamento controle. O hibrido Lyra foi o genodtipo mais tolerante, no qual o peso seco da parte aérea
e das raizes foi reduzido respectivamente para 43.5% e 42.7% do tratamento controle. O aumento do teor de
aluminio trocavel afetou o teor de macronutrientes nas folhas e a intensidade de resposta foi diferente entre as
cultivares. A toxidez do aluminio causou aumento dos teores de N, Ca e Mg e reducdo do P, K e S. A cv. BRS
Nordestina sofreu uma redugdo drastica do peso seco da parte aérea associada com um aumento do teor de N
nas folhas. Entdo, o aumento no teor de N foi causado por efeito de concentragdo causado pelo crescimento
limitado.

Palavras-chave: Ricinus communis. Acidez. Nutri¢do de plantas.
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INTRODUCTION

Castor (Ricinus communis) is an industrial
oilseed crop that is often considered to be cultivated
in less fertile land in order to avoid competition with
food crops (NASCIMENTO et al., 2012a; BRITO
NETO et al., 2014). This crop is sensitive to soil
acidity (JOSHI et al., 2012), salinity (SEVERINO et
al., 2014), cold air temperatures (SEVERINO et al.,
2014), soil compaction (NASCIMENTO et al,
2012b), and other environmental stresses (LIMA et
al., 2007; LI et al., 2010). Therefore, cultivation of
castor on marginal land depends on the use of ade-
quate agronomical practices and on the selection of
genotypes better suited for such harsh conditions.
High exchangeable aluminum content in acid soil is
regarded as a major problem for castor cultivation.

Aluminum toxicity occurs when the soil has a
pH below 5.5, low exchangeable bases, and low or-
ganic matter content. Under those conditions, toxic
forms of aluminum are solubilized into the soil solu-
tion affecting root growth and function. Worldwide,
Al toxicity is an important limitation to crop produc-
tion because it has been estimated that over 50%of
the world’s potentially arable lands are acidic
(KOCHIAN et al., 2005; ABATE et al., 2013).

The most important consequence of aluminum
toxicity is the reduction on the root growth, specially
the root tips, but to some extent the uptake of some
nutrients can also be directly or indirectly impaired
(DOGAN et al., 2014; MATSUMOTO, 2002; KO-
CHIAN et al., 2005; GEORGE et al., 2012). The
direct effect occurs because the Al competes with
other cations such as Ca*" and Mg”" for binding sites
in the apoplasm, and it may also inhibit Ca*" uptake
by blocking Ca®* channels in the plasma membrane
and Mg®" binding sites of transport proteins
(GEORGE et al., 2012; GUPTA et al., 2013). The
indirect effect occurs because the reduced root sys-
tem disposes of a smaller volume of soil, and the
nutrients and water uptake is impaired. Thus, the
shoot growth reduction is a consequence of the di-
minished water and nutrients uptake (SALVADOR
et al., 2000; CUSTODIO et al., 2002; LIAO et al.,
2006; LANA et al., 2009; ROY; BHADRA, 2014).

The mechanisms that some plant species de-
veloped to tolerate high levels of exchangeable alu-
minum include the capacity to keep adequate nutri-
ent content in the root and shoot tissue, the ability to
increase the pH to precipitate the aluminum outside
the root, the chelation of the element in organic mol-
ecules, and its compartmentalization on the vacuole
(BRUNNER; SPERISEN, 2013; MARSCHNER,
2012; MENDONCA et al., 2003; POSCHENREI-
DER et al., 2008; BROWN et al., 2008).

Castor plants were observed to be very sensi-
tive to exchangeable aluminum content higher than 1
cmol, dm™ in the soil, and the toxic effect was allevi-
ated by increasing soil organic matter content (HUE
et al., 2011; LIMA et al., 2007). As the addition of

high doses of organic matter is not feasible for culti-
vation in large areas, the options are the management
of the soil acidity (liming, gypsum) and the develop-
ment of castor genotypes more tolerant to high alu-
minum content.

This experiment had the objective to assess
the tolerance to aluminum among three castor geno-
types and how high aluminum content influences the
macronutrient content in the leaf tissue.

MATERIAL AND METHODS

An experiment was run in the greenhouse of
Embrapa Algoddo (Campina Grande, Paraiba, Bra-
zil) in a completely randomized block design with
four replications. The treatments were a factorial
distribution of five aluminum levels (0, 0.15, 0.30,
0.60, and 1.20 cmol, dm™) and three genotypes (BRS
Nordestina, BRS Paraguagu, and Lyra). Each plot
was a 10 L pot with one plant.

The initial characteristics of the soil were: pH
6.6, 88.5 mg dm™ of phosphorus, 10 mmol, dm™ of
potassium, 18.3 mmol, dm? of calcium, 15.8 mmol,
dm? of magnesium, 3.9 mmol, dm? of sodium, no
detectable aluminum, 85% of bases saturation, 7.9 g
kg™ of organic matter, and 96% of sand. Hexahydrat-
ed aluminum chloride was added to the soil in the
amount to reach the target content. It was thoroughly
homogenized, irrigated to reach field capacity, and
incubated for 15 days. Before planting, each pot was
fertilized with 4 g of ammonium sulfate, 6 g of triple
superphosphate, and 4 g of potassium chloride.

Three seeds were sowed 2 cm deep, and
emerged plants were thinned 10 days later. The
plants were irrigated daily. At 53 days after emer-
gence (DAE), data were taken on plant vegetative
growth (height, leaf area, and shoot and root dry
weight). The leaf area was estimated from the leaf
dimensions using the equation S = 0.24 x (W + L)
193 "in which S is the leaf area, W is the leaf width,
and L is the length of the main vein (SEVERINO et
al., 2004). The relative growth was calculated con-
sidering the control treatment as 100%. All leaves
were used in the sample for measuring the macronu-
trients content. The nutrients were measured by the
methods described by Braga and Defelipo (1974) for
phosphorus, Blanchar (1963) for sulfur, and Le
Poidevinand (1964) for the other nutrients. The K/
(Ca + Mg) ratio in the leaf tissue was calculated.

The data were submitted to Linear Regression
Analysis, and the significance of the regression coef-
ficient was tested with t test (p < 0.10). The hypothe-
sis that the regression lines of genotypes were not
parallel (i.e., the response to aluminum is different
among genotypes) was tested in the F test (p < 0.10)
of the aluminum doses vs. genotypes interaction us-
ing the GLM procedure of SAS (SAS, 1990). When
the lines were parallel, one equation was calculated
including all the genotypes; otherwise, one equation
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was calculated for each genotype.

RESULTS AND DISCUSSION

The increments in the aluminum soil content
caused reduction in all the growth characteristics
considered in this study (Table 1). The effect of alu-
minum on leaf area and root dry weight was similar
among genotypes, but plant height and shoot dry

weight were influenced in different intensity accord-
ing to the genotype. The shoot/root dry weight ratio
was not influenced as both characteristics were re-
duced at similar rates. The aluminum effect on rela-
tive growth was inconsistent in the doses of 0.15 and
0.3 cmol, dm?, but the relative growth reduction was
intense in the doses of 0.6 and 1.2 cmol, dm™, partic-
ularly on shoot and root dry weight (Figure 1).

Table 1. Vegetative growth (y) of three castor genotypes at 53 days after emergence influenced by the dose of aluminum

added to the soil (x).

Genotype Regression equation R?
Plant height (cm)

BRS Nordestina y=-24.0%x +44.1 0.720

BRS Paraguacu y=-8.9%x +35.6 0.304

Lyra y=-9.2*x+35.9 0.598

Leaf area (cm?)

All y =-981.0*x +1950.5 0.513
Shoot dry weight (g plant™)

BRS Nordestina y=-17.6*x +23.3 0.736

BRS Paraguacu y=-11.2*x+20.5 0.597

Lyra y=-6.5%*x +13.8 0.712
Root dry weight (g plant™)

All y=-4.5%x +7.8 0.528
Shoot/root dry weight ratio

All y=-0.07"x +2.5 0.002

* and™: significant and not significant by t test (p < 0.10), respectively.
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Figure 1. Relative growth of plant height (A), leaf area (B), shoot dry weight (C), and root dry weight (D) of three castor

genotypes at 53 days after emergence influenced by doses of aluminum added to the soil.
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The effect of aluminum on plant height was
the most intense on BRS Nordestina. The relative
plant height was reduced to 33.3% at 1.2 cmol.dm™,
while BRS Paraguacu and Lyra were reduced to 70.9
and 70%, respectively (Figure 1). The leaf area was
estimated to be reduced by 981 cm® for each 1
cmol.dm™ of aluminum added to the soil, and this
rate was similar among genotypes (Table 1).

Confirming its high sensitiveness, the shoot
and root relative dry weight in the cv. BRS Nordesti-
na were respectively reduced to 12.9 and 16.2% in
response to the maximum dose of aluminum (Figure
1). The relative growth of the other two genotypes
was reduced with less intensity.

The content of all macronutrients on leaf tis-
sue was influenced by the aluminum added to the
soil (Table 2). The increasing doses of aluminum
caused increments in the nitrogen content in the cv.
BRS Nordestina and in the hybrid Lyra, but not in
the cv. BRS Paraguacu. Nitrogen fertilization pro-
motes an expressive growth of castor plants (LIMA
et al., 2011). Usually, aluminum has not a direct ef-
fect on the N uptake and metabolism, but it is likely
that the increments were caused by a concentration
effect, as the shoot biomass was strongly reduced.
The more intensive N-concentration effect on cv.
BRS Nordestina is coherent with its steep shoot dry
weight reduction.

Table 2. Macronutrient content on the leaf tissue (y) of three castor genotypes influenced by the aluminum content in the

soil (x).
Genotype Regression equation R?
Nitrogen (g kg™
BRS Nordestina y=7.26%x+17.70 0.533
BRS Paraguagu y =0.69"x +20.51 0.033
Lyra y=1.94*x +19.10 0.459
Phosphorus (g kg™)
BRS Nordestina y=-0.57"x +7.76 0.137
BRS Paraguacu y=10.33"x +6.75 0.028
Lyra y=-2.43*x +9.16 0.650
Potassium (g kg™)
BRS Nordestina y=-10.88*x +37.79 0.608
BRS Paraguagu y =-20.67*x +46.95 0.885
Lyra y=-19.33*x +46.05 0.939
Calcium (g kg™
BRS Nordestina y =7.88*x +2.03 0.879
BRS Paraguacu y =5.05*x +2.73 0.871
Lyra y=7.77*x+1.01 0.906
Magnesium (g kg™)
BRS Nordestina y =7.49*x +6.05 0.892
BRS Paraguagu y =9.34*x +6.99 0.969
Lyra y=6.67*%x +6.69 0.917
Sulfur (g kg™)
BRS Nordestina y=-0.15"x +6.68 0.014
BRS Paraguacu y =-2.60*x +8.09 0.893
Lyra y =-1.05*x +4.80 0.499
Ratio Potassium/(Calcium + Magnesium)
All y=-2.93*x +4.22 0.846

* and™: significant and not significant by t test (p < 0.10), respectively.

The phosphorus content was not influenced
in BRS Nordestina and BRS Paraguagu, but it was
reduced in the hybrid Lyra in response to doses of
Al"™. Because the concentration effect observed on N
was not verified on P, it is reasonable to assume that
the total P uptake was considerably impaired by alu-
minum toxicity in all genotypes. As P has low mobil-
ity in the soil, it depends on a vigorous root system
for an adequate uptake. Thus, the aluminum toxicity
indirectly played a role on P uptake by reducing the
root growth.

Usually, potassium content is not negatively
influenced by the aluminum content in the soil
(GEORGE et al., 2012). However, a sharp reduction
on K" content was observed in the three genotypes,
although the intensity of reduction was not the same

for all of them. The Ca®" and Mg®" uptake is fre-
quently impaired by aluminum toxicity, but in this
study it was increased in the higher doses of Al™.
The reduction in K" and increase in Ca®" and Mg*"
resulted in a reduced K'/(Ca*" + Mg”") ratio. The
effect of aluminum on P, K*, Ca*", and Mg** content
was atypical (DOGAN et al., 2014; MATSUMOTO,
2002; GEORGE et al., 2012), and a more detailed
study would be necessary to detect the exact reason
for this effect. It is likely that the root-soil interaction
in a pot experiment influenced the nutrients uptake
differently of what would be expected under field
conditions.

There are multiple and complex mechanism
of aluminum tolerance (POSCHENRIEDER et al.,
2008; BRUNNER; SPERISEN, 2013), and the dif-
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ferences in vegetative growth and nutrients uptake
are evidences of genotypic variability on castor that
can be explored for breeding for aluminum tolerance.
Tolerant genotypes should be able to keep adequate
nutrient content, particularly of Ca* and Mg*’, in
order to sustain an adequate seed production.

It is common in many tropical species that
despite a large difference in yield caused by soil
acidity, the mineral nutrient concentration in leaves
remains about the same (MARSCHNER, 2012).
However, the effects of aluminum toxicity are not
the same if evaluated in field, pot, or hydroponic
solution, and results obtained on those different con-
ditions are not  satisfactorily = correlated
(MARSCHNER, 2012; MATSUMOTO, 2002). For
instance, in an experiment with wheat (Triticum aes-
tivum) in field conditions, Valle et al. (2011) found
that the aluminum had little influence on the macro-
nutrients content, but as the shoot biomass was re-
duced the total amount of nutrients was proportional-
ly reduced. Using hydroponic solution for studying
aluminum toxicity on pineapple (Ananas comosus),
Lin (2010) observed no influence on P content, but
more K*, Ca**, and Mg”>" uptake was found in the
genotypes with higher tolerance to aluminum. Souza
(2001), however, found a good correlation of the
effect of aluminum between hydroponic solution and
soil experiments with soybean (Glycine max) and
suggested that those two techniques could be com-
plementary in the selection of genotypes tolerant to
this stress.

The selection of castor genotypes with en-
hanced tolerance to acidic soils with toxic levels of
exchangeable aluminum is promising. The variability
on the response to this stressing factor suggests that
the plant possesses mechanisms for coping with tox-
ic aluminum. However, the selection should prefera-
bly be performed under field conditions, while stud-
ies in pots or hydroponic solution should be limited
to preliminary screenings of genotypes.

CONCLUSION

The increment of aluminum content in the
soil reduced vegetative growth of castor plants, but
the cv. BRS Nordestina was found more sensitive
than the cv. BRS Paraguagu and the hybrid Lyra.
The effect of aluminum on macronutrients leaf con-
tent was different among genotypes. There was an
increase on nitrogen (except on BRS Paraguacu),
calcium, and magnesium leaf content, and a reduc-
tion on phosphorus (Lyra), potassium, and sulfur
(except on BRS Nordestina).
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