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Abstract Development and productivity of

. ) american lettuce (Lactuca sativa
The present study, was performed in Guarapuava, Parana,

with the objective of evaluating the development and L°) Influenced by aluminum free in
productivity of lettuce plants (Lactuca sativa L.) cultivar the SOil

Americana in soil with different AI>* saturation, grown

in greenhouse. The height of plants, main root length, Clovis Pierozan Junior!
circumference head, fresh matter of leaves and roots, dry Paulo Sérgio Pavinato’
matter of leaves and roots were evaluated, during the cycle Marcelo Bridi’
of crop and at the harvest. In the harvest also was analyzed Robson Kyoshi Ueno*

the number of leaves per plant. The used experiment design Bruno Vinicius Banhuk’
was completely randomized with four repetitions. The

saturations of AI’* used were 0, 20, 40 and 60%. The root system of the lettuce Americana is very susceptible to the toxic
effects of aluminum, tolerating on maximum 6.0% of saturation so it does not present damage length loss and/or mass
accumulation. The production of the aerial part of the Americana lettuce showed negative linear answer to the increase of

saturation for Al*}, not being tolerant to the presence of the free form of this element in the soil.

Keywords: Dry mass; fresh mass; saturation for Al**.

Desenvolvimento e produtividade de alface americana (Lactuca sativa L.)
Influenciados por aluminio livre no solo

Resumo

O presente estudo foi realizado em Guarapuava, Parana, com objetivo de avaliar o desenvolvimento e a produtividade de
plantas de alface (Lactuca sativa L.) cultivar Americana em solo com diferentes saturagdes de Al*, cultivada em ambiente
protegido. Foram avaliadas a altura de plantas, comprimento da raiz principal, circunferéncia da cabega, massa fresca de
folhas e de raiz, massa seca de folhas e de raiz, durante o ciclo da cultura e na colheita. Na colheita também foi analisado o
numero de folhas por planta. O delineamento experimental utilizado foi inteiramente casualizado com quatro repeticoes.
As saturagdes de Al** utilizadas foram 0, 20, 40 e 60%. O sistema radicular da alface Americana é muito suscetivel aos
efeitos toxicos do aluminio, tolerando no méximo 6,0% de saturagdo para que nao apresente perda de comprimento e/
ou acimulo de massa. A producdo da parte aérea da alface Americana mostrou resposta linear negativa ao aumento da
saturagdo por Al*}, ndo sendo tolerante a presenca deste elemento na forma livre no solo.

Palavras-chave: Massa seca; massa fresca; saturacao por AI**.

Desarrollo y productividad de la lechuga americana (Lactuca sativa L.)
Influenciado por aluminio libre en el suelo

Resumen

Este estudio se realiz6 en Guarapuava, Parand, para evaluar el crecimiento y rendimiento de las plantas de lechuga (Lactuca
sativa L.) cultivar americana el suelo con diferentes saturaciones de Al**, cultivada en invernadero. Se evalud la altura de
las plantas, longitud de la raiz principal, el perimetro de la cabeza, masa fresca de hojas y de la raiz, masa seca de hojas
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y raices, durante el ciclo del cultivo y en la cosecha. En la cosecha también se analiz6 el nimero de hojas por planta. El
disefio experimental fue completamente al azar con cuatro repeticiones. Las saturaciones de AI** utilizadas fueron 0, 20,
40y 60 %. El sistema radicular de la lechuga americana es muy susceptible a los efectos toxicos del aluminio, tolerando al

maximo 6,0 % de saturacién para que no presente una pérdida de longitud y / o acumulacién de masa. La produccién de
la parte aérea de la lechuga americana mostr6 respuesta lineal negativa al aumento de la saturacion por Al**, no siendo
tolerante a la presencia de este elemento en forma libre en el suelo.

Palabras clave: masa seca; masa fresca; saturaciéon por AI**.

Introduction

The lettuce (Lactuca sativa L.) is crop originally
from Asia, belonging to the Asteraceae family, being
the most consumed leafy vegetable in the world
(KRAUSE-SAKATE, 2002) and in Brazil (SUTTON
et al., 2006). The same can be cultivated during the
whole year and in different regions of the country.
(EMBRAPA, 2010).

The lettuce has as characteristics a short cycle
and great quantity of leaves, and for this, it demands
soils of sandy clayey texture, with elevated content
of organic matter and nutrients, which need to be
readily available, as well as a good supply of water
in the soil (FILGUEIRA, 1982). According to RICCI
et al. (1994), the lettuce crop is very demanding
on the soil chemical characteristics, being that
the fertilization constitutes in the most expensive
management and which best corresponds in terms
of yield and final quality of the product. In Brazil,
the acid soils predominate, which present aluminum
(Al) contents in toxic levels to the plants, and low
contents of exchangeable magnesium and calcium,
unfavorable characteristics to the development of
most crops (NOLLA et al., 2007). The acid soils are
found mainly in the regions of the Cerrado and in the
South, occupying about 204 million hectares of the
national territory (EMBRAPA, 1999).

The absorption and the accumulation of
AL by the plant affect the cells and organelles
in morphological, cytogenetic and physiological
level, considerably hindering the establishment,
development and final yield of the crop (CRESTANI
et al., 2009). The initial and more pronounced
symptom of aluminum toxicity is the inhibition of
the cellular expansion of the roots (DELHAIZE and
RYAN, 1995). This inhibition causes the reduction
and thickening of the root system (NOLLA et al,,
2007). Therefore, the most visible direct effect of
the aluminum presence in the soil is the reduction
of root growth of the plants, inducing to a possible
water stress and nutritional deficiencies on the plants

(DEGENHARDT et al., 1998).

Under these aspects, the current study has
as objective to assess the effect of different AI**
saturation on the soil, in the development of roots and
aerial part of the lettuce, Americana variety.

Material and Methods

The experiment was conducted in greenhouse,
in an experimental farm of the Universidade Estadual
do Centro-Oeste - UNICENTRO, campus CEDETEG,
Guarapuava-PR. It were tested three AI** saturations
on the soil (m%= 20; 40; 60) besides of the control,
where the soil did not present contents of Al*
(m%=0). The used experimental design was entirely
randomized, with four repetitions.

The used soil was homogenized to ensure
uniformity, being then collected a sample and sent
for chemical analysis of macronutrients (Table 1). The
pH in CaCl, was relatively low, however, it was not
performed any correction of the same to maintain
the existing solubility of the A’ with the pH at this
level. According to the analysis, the soil presented
adequate contents of K* and Mg?, thus, it was not
made correction for these nutrients, only fertilization
of management. The soil presented deficiency of Ca*
and of P, the first was not correct due to the effect
of alkalinization of the soil which the liming would
provoke, and of the neutralizer effect of AI**if the use
of phosphogypsum was made.

The P was correct with Triple Super Phosphate
(TSP) until it achieved a content of 10 mg dm™ of soil.
The soil was put in a cement mixer for obtainment
of a good mixture of the soil with TSP, and with the
treatments with AI’* which were simultaneously
applied. The used source of Al** was aluminum
chloride hexahydrate with 11% of AI**, such source
was the same used by PORTALUPPI et al. (2010)
in hydroponic cultivation. In his experiment was
verified that there is direct relation of the hydroponic
cultivation with aluminum chloride hexahydrate and
cultivation in the field with elevated natural content
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Table 1. Chemical analysis of the soil before the application of the treatments with saturation by Al*.

pH M.O. P K* Ca? Mg* AL H*+Al* SB
hlich
CaCl, gdm? mente 5 cmol dm?
mgdm- i
5.0 44.3 2.6 0.44 2.1 2.1 0.0 5.09 4.64
CTC Bases AP Ca? Mg** K*
pH?7.0 V% m% %
9.73 47.7 0.0 215 21.7 4.5

of AP*. It were calculated the doses to elevate the
saturation by AP’* (m %) to 20, 40 and 60% of the
effective CTC of the soil.

The experimental unities were constituted of
black plastic pots, with capacity of 14 dm?. Initially,
the seeds of the cultivar of lettuce Americana
Repolhuda were sowed in substrate for vegetables,
in styrofoam trays of 128 cells. Eight days after
the emergence of the plants, three seedlings were
transplanted to the pots containing 12 dm® of soil
with the previously applied treatments, being
that each pot corresponded to a repetition. At the
moment of the transplantation, the lettuce seedlings
measured in average 7 cm of height. The fertilization
of management was made a week after the seedlings
transplantation, using 90 kg ha™ of P,O,, 70 kg ha™ of
K,O and 100 kg ha™ of N.

It were assessed the plants height at the 7 and
19 days after the transplantation (DAT), the length of
the main root at 19 and 70 DAT, head circumference
at 51 and 70 DAT, fresh mass (FM) of the leaves, dry
mass of the leaves (DM) at the 19,49 and 70 DAT, FM
and DM of the root at 19 and 70 DAT and the number
of leaves per head at 70 DAT, being this moment
when was done the harvest. In each destructive
analysis (main root length, FM, DM and number of
leaves) was used one of the plants of the pot, being
left over only one for the moment of harvest.

The results were submitted to statistical
analysis by the Sisvar® program, and when verified
significant difference between the treatments
(p<0.05). the results were submitted to regression
analysis.

Results and Discussion

In all morphological assessments the analyzed
characteristics presented significant differences
between the treatments. The length of the main root
was assessed twice, one at the beginning of the cycle

(19 DAT), and one at the harvest (70 DAT), due to the
fact that the plants were sowed in a single pot, making
impossible an assessment of the roots in the middle
of the cycle, due to the possibility of damaging other
plants. For this characteristic was verified a smaller
elongation of the main root according to increase of
saturation by Al" (Figure 1).

At 70 DAT, the quadratic adjustment of the
curve suggests that the lettuce does not tolerate
saturation by Al*, because the growth of the crop
root system is negatively affected with the increase
of free aluminum on the soil. In the assessment
done at 19 DAT, the average values for the main
root length were of 5.25; 5.5; 4.5 and 4.5 cm for the
treatments 0%, 20%, 40% and 60% of saturation of
AT, thus showing that, although little, there was
expressive effect of the saturation by Al**in the initial
development of the roots. STROBEL (1999), explains
that the plants have a mechanism of tolerance to the
AT off the root, through a reaction of complexation
with exudated organic acids, which are excreted
by the plants root system, due to the biotic stress
caused by exposition to the element. This liberated
quantity of exudates would be proportional to the
concentration of aluminum on the soil solution, and
this root exudation would be greater in the beginning
of the plants growth, explaining the plants behavior
in this study.

In a study done by SILVA et al. (2007),
where the author measured the resumption of the
root growth in different oat cultivars submitted to
aluminum concentrations in nutritive solution, the
author concluded that the genotypes present different
behavior between themselves, however in all of
them was verified root system reduction at greater
concentrations of the element.

The plants height, evaluated in the initial
period of the crop cycle, showed negative linear
correlation with increase of aluminum saturation on
the soil for the both performed assessments (Figure 2).
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Figure 1. Length of main root of the lettuce at 19 and 70 DAT, under different saturation by AI** in the soil.

Between the assessments, the plants presented height
increase in relation to the first assessment, except for
the saturation at 60% in which the plants presented
a small reduction of height, caused by the fact of the
tissues in the leaf tips were rotting. SOUZA et al.
(2000), evaluating the height of two maize hybrids in
several phenological stages in soils with and without
aluminum presence, verified a smaller plant height in
all assessed stages of both hybrids on the soils where
the AP* had not been corrected.

It was done two assessments of head
circumference, being that, both at 49 DAT as at the

12

harvest (70 DAT) there was negative correlation
between circumference and saturation by Al** on the
soil (Figure 3), which means that, in the saturation
of 20% of AP’* there was expressive reduction in the
head circumference. At the harvest, even when using
the quadratic adjustment, the point of maximum
efficiency is found in the saturation of 0%, being
that, there was an average reduction around 12%
between the saturation 0% and 20%, showing that
for this characteristic, the presence of AI** in the soil
is harmful to the plants, getting worst in saturations
superior to 20%.
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Figure 2. Height of the Americana lettuce plants at 7 and 19 DAT, cultivated under different saturations by

ATP* in the soil.
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In an experiment done by MOTA et al.
(2001) with potassium in americana lettuce, the
authors discovered that smaller doses can be more
efficient in relation to greater head circumferences,
and that higher doses appear to be less efficient
even in relation to the control, this result, according
to the authors, is due to the fact of higher doses
proportionate a nutritional imbalance, in which the
excess of potassium impaired the absorption of other
elements, such as calcium and magnesium, resulting
in a smaller plants development. LANA et al. (2004),
in an experiment done with sources of phosphorus,
obtained the greatest results for lettuce diameter with
the sources which provided a greater concentration
of phosphorus in the leaves and in the soil. With
this in sight, it is noted that an adequate balance of
nutrients on the soil contributes for a greater root
growth, capable of absorbing more nutrients, causing
a higher growth of the aerial part. Following this, the
high presence of free AI** interferes in the availability
of other cationic nutrients, such as K, Ca and Mg,
exerting deleterious effect on the plants grown in
this soil.

The number of leaves per head (Figure 4)
also decreases according to the increase of A’
saturation on the soil. The quadratic adjustment
was the model specified, however, according to the
equation, the greater number of leaves is found in
the saturation 0%, meaning that the presence of toxic

60

50

Head circumference (cm plants-1)

aluminum on the soil contributes for the reduction
of number of leaves per plant. In the saturations of
20%, 40% and 60% the reduction of the number of
leaves is respectively 9%, 35% and 71% in relation
to the saturation 0%, indicating a sharper drop from
the saturation of 20%, which explains the quadratic
adjustment.

In the same manner as the other factors, the
FM and DM of the root (Figures 5a and 5b), in the
two performed analysis, decreased with the increase
of AP** concentration in the soil, having the quadratic
model as adjustment of the tendency curve. Both
characteristics present a similar curve, whereas
at 70 DAT the FM of the lettuce roots presented
tolerance up to 6.0% of AI**saturation in the soil,
from this moment it started to lose production of FM.
Now for the DM of the roots, the tolerance to AI**
saturation was up to 29%, reducing the production
with greater saturation. This behavior of the DM of
roots is similar to the one of main root length (Figure
1). This means that in the saturations close to 0%, the
roots present greater proportion of earliest tissues, in
relation to greater saturations, which allows a greater
elongation of roots, greater quantity of early tissues,
favoring the absorption of water and nutrients. It is
also noted that for the root length, the tolerance to
Al** was smaller than for the accumulation of DM,
suggesting that there was root thickening with the
increase of saturation. PEREIRA et al. (2003), in an

049 DAT y=-0.417x+32.34 R*=0.946

O070DAT y=-0.006x2-0.17x+50.35 R2=0.999

20

Saturation by APF*

Figure 3. Head circumference of the Americana lettuce at 49 and 70 DAT, cultivated under different saturations

by AP** on the soil.
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Figure 4. Number of leaves per americana lettuce head at 70 DAT, cultivated under different saturations by
AP on the soil.
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Figure 5. Fresh mass (a) and dry mass (b) of the root of Americana lettuce at 19 and 70 DAT, cultivated under
different saturations by AI’* in the soil.
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experiment done with rootstocks of citrus, observed
that in concentrations of aluminum in solution of
up to 50 pmol L7, there was an increase in the DM of
roots in relation to the control, however in the other
studied concentrations (100, 200 and 400 pmol L7)
there was DM decrease, agreeing with the data of
DM of the roots of this study.

In the figure 6 (a and b) are represented
respectively the FM and DM of the aerial part of the
Americana lettuce. It is evident that both factors are
disadvantaged by the increase of AI** saturation in
the soil, because the linear adjustment of the tendency
curve points to a greater production in the saturations
of 0%, especially if it concerns the DM of the leaves,
a fact which probably is caused by the greater FM of
the roots in the lowest saturations, thus favoring the

root absorption of water, as already reported.

The linear curves indicating the drop of DM
and FM in the leaves (Figures 6a and 6b, respectively),
and quadratic of the drop of DM and FM in the
roots (Figures 5a and 5b, respectively), according
to PEREIRA et al. (2003), are due to the fact that, in
conditions of stress, the plants tend to translocate
great quantities of photoassimilates to the roots, in
detriment to the aerial part. MARSCHNER et al.
(1996), in an experiment performed with partitioning
of photoassimilates root/aerial part, report that
the deficiency of nutrients can result in a greater
translocation of photoassimilates of the leaves sources
for disabled bodies.

The harmful effect of aluminum on the crops
is not new information, because there is several
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Figure 6. Fresh mass (a) and dry mass (b) of the aerial part of the Americana lettuce at 19, 49 and 70 DAT,
cultivated under different saturations by AI’* in the soil.
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information of literature mentioning the loss in
the plants development with the presence of this
toxic element. According to CAMARGO (1984),
the negative influence of aluminum depends on
the pH and the toxicity of certain concentration
of this element decreases with the pH elevation,
when close to 7.0, decreasing consequently the
solubility of this element. However, this study was
of great importance to be aware of the tolerance of
lettuce to this element, being a crop little adapted to
environments of low fertility.

Conclusions

The root system of the Americana lettuce is
very susceptible to the toxic effects of aluminum,
tolerating in the maximum 6.0% of saturation so it
does not present loss of length and / or accumulation
of mass.

The production of the aerial part of the
Americana lettuce showed negative linear response
to the increase of saturation by Al*?, not being tolerant
to presence of this element in the free form in the soil.
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