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ABSTRACT

The objective of this study, carried out from October to December
2006, was to analyze the effects of increasing doses of nitrogen (N)
and potassium (K) as well as the interaction between these elements
on the growth of sweet basil plants cultivated under field conditions.
The experimental design was split plots, holding in the main plots the
N doses and in the subplots the K rates. Doses of 0, 50, 100 and 150
kg ha! were established for N and K, applied as urea and potassium
chloride, respectively. The seedlings were transplanted to beds, in 40 x
30 cm spacing, and each plot had 24 plants. The evaluations at 45 days
after transplanting detected no effect of N levels in stem diameter,
Spad index and number of internodes. A quadratic polynomial model
was defined for the relationship between N rates and the referred
characteristics. A NK interaction for total leaf area was observed,
indicating that, on the absence of K fertilization, increasing N doses
resulted in higher total leaf area. Higher doses of N decreased total
leaf area of plants under greater K doses.
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RESUMO

Crescimento de manjericio doce em func¢ido de doses de
nitrogénio e potassio

Objetivou-se, neste estudo, realizado no periodo de outubro a
dezembro de 2006, no campo experimental e no Laboratério de
Fisiologia Vegetal da Universidade Estadual do Sudoeste da Bahia,
verificar os efeitos de doses crescentes de nitrogénio (N) e potdssio
(K), bem como da interacdo entre estes elementos no crescimento
de plantas de manjericdo doce, cultivadas em condi¢do de campo.
O delineamento experimental foi parcelas subdivididas, estando
na parcela as doses de N e nas subparcelas as doses de K. Foram
estabelecidas doses de 0, 50, 100 e 150 kg ha'! para N ¢ K, aplicados
na forma de uréia e cloreto de potassio, respectivamente. O plantio
das mudas foi realizado em canteiros, em espacamentos de 40 x 30
cm. A parcela constou de 24 plantas. Aos 45 dias ap0s o transplantio
verificou-se efeito das doses de N sobre o diametro do caule, indice
Spad e numero de internddios. Para a relag@o entre as doses de N e as
referidas caracteristicas foi definido o modelo polinomial quadratico.
Verificou-se interacdo entre N e K para area foliar total, indicando
que, sob auséncia de adubagdo potassica, doses crescentes de N
induziram aumento da area foliar. Com elevadas doses de N, houve
reducdo da area foliar sob doses crescentes de K.
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owadays, discussions about
fertilizer sources are constituted
by a diverse range of viewpoints, in
many times, divergent. According
to Malik er al. (2011), the planting
of medicinal herbs under integrated
management with organic and inorganic
fertilizers is the best current strategy that
can be employed to improve yield and
the active compounds of these plants.
However, in many situations, the high
cost of nutrient sources and the difficulty
to supply the necessary amount of
organic manure makes the conventional
management the best strategy to produce
herbs.
Biesiada & Kus (2010) verified
a straight relation on the growth of
basil and macroelements accumulation
with irrigation and N doses. In the
referred study it was verified that the
highest quantities of phosphorus and
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magnesium were obtained at nitrogen
dose of 150 kg ha! while the highest
values of potassium and calcium were
verified at 250 kg ha! of N.

For basil planting, Prakasa Rao
et al. (2007) verified that elevated N
availability (doses over 100 kg ha'')
and K (doses over 80 kg ha'') resulted
in higher plant yield and essential oil
content. Alizadeh et al. (2010) verified
a high correlation between shoot dry
mass in relation to total dry matter
weight, essential oils content, extraction
efficiency of essential oils and phenolic
compounds content of basil plants.

The increasing nitrogen doses caused
the increase of dry matter, ammonium
and nitrate nitrogen, potassium and
protein contents (Nurzynska-Wierdak
et al., 2011). The increasing potassium
doses contributed to elevation of protein
and total nitrogen concentration, as well

as to the decrease of ammonium and
nitrate nitrogen contents in basil herb.

According to Tsay et al. (2011),
NK interaction is a very sophisticated
phenomenon and occurs at many
levels of plant metabolism, having an
excluding effect between these elements
on the mechanisms of absorption.
There are many similarities between
NH,"and K* ions including charge,
hydration status and size, suggesting
the existence of a sharing in membrane
transport component. This fact was
verified by the effect of NH," ions in
blocking K* transport systems (Qi et al.,
2008). Szczerba et al. (2008a, 2008b)
observed on rice and barley plants that
an elevated K concentration restricted
the movement of NH,", reducing the flux
rate in relation to influx and, by this way,
minimizing the toxic effects of NH,’,
avoiding an excessive accumulation.
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To achieve a more comprehensive
and conclusive response about this theme
it is necessary to built of a knowledge
basis from specific studies, which
must be realized under conditions that
respect the main branches of scientific
tendencies and a wide range of biotic
and abiotic factors that characterize the
Brazilian territory.

The aim in this study was to verify
the effect of increasing doses of N and
K, as well as the interaction between
these elements on vegetative growth of
sweet basil.

MATERIAL AND METHODS

A field experiment was carried out
from October to December, 2006, in field
at the Universidade Estadual do Sudoeste
da Bahia, Vitoria da Conquista, Bahia
state, Brazil (14°51°58”S, 40°50°22”W,
928 m altitude). During the study period,
total rainfall was 421.1 mm, with highest
rate occurring in November (252.7 mm),
maximum monthly temperature showed
variations between 26.1 and 27.4°C,
with minimum temperatures ranging
from 17.3 to 18°C. Relative humidity
was monthly measured at 12, 18 and
24 hours, ranging from 76-78, 66-67,
89-92%, respectively. The soil was
classified as Alic to moderate Yellow
Latosol with loamy clay texture having
the following characteristics, according
to soil chemical analysis at 0-20 cm
depth: pH (water)= 6.5; P(Mechlich)=
4.0 mg dm™; K*=0.36 cmol_dm; Ca**=
4.6 cmol  dm”; Mg*= 1.6 cmol dm?;
A= 0,00 cmol dm™; H*Al= 1.6 cmol
dm?; SB= 6.6 cmol_dm?; T=8.2 cmol
dm; V= 80%. Planting was carried
out plowing, harrowing and making the
beds, where foundation fertilization was
applied with simple superphosphate (18
g m?). Supplementary irrigation and
hand weeding were done during all time
of vegetative growth.

The experiment was arranged in a
split plot design, with three replications.
The N doses were a factor of major
plots and K doses were considered as
a factor of secondary plots. For both
factors, doses of 0, 50, 100 and 150 kg
ha! were applied in two steps, at 9 and
24 days after transplanting date. The N
and K sources were respectively urea
and potassium chloride, distributed over
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the bed surface. Sweet basil seeds were
sown in trays constituted by 100 cells,
and at the stage of three pairs of leaves,
the seedlings were planted to the beds.
At this stage, seedlings were arranged
ina?2.88 m? (1.2 x 2.4 m) experimental
unit performing 24 plants, cropped in
30 x 40 cm, considering eight central
plants to be sampled in each evaluation.

At the end of the vegetative cycle,
45 days after transplanting, growth
characteristics (plant height, stem
diameter, number of internodes, number
of plagiotropic branches, canopy leaf

area and above-ground dry mass) and
leaf Spad index were evaluated.

Data were submitted to analysis of
variance and mathematical models were
adjusted according to “F”’ testat 1, 5 and
10% significance level, determination
coefficient (greater than 50%) and the
biological phenomenon. The software
used was SAEG, version 9.1.

RESULTS AND DISCUSSION

N rates promoted alterations in stem
diameter, number of internodes and Spad
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Figure 1. Number of plagiotropic branches (A) and stem diameter (B) of basil plants
(Ocimum basilicum) grown in field condition, under different doses of nitrogen and potassium
fertilization, at 45 days after transplanting [nimero de ramos plagiotropicos (A) e didmetro de
caule (B) de plantas de manjericdo (Ocimum basilicum) cultivadas em campo sob diferentes
doses de nitrogénio e potassio aos 45 dias apos transplantio]. (¥, © Significant at 1 and 5%
probability, respectively, by F test).Vitoria da Conquista, UESB, 2006.
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Figure 2. Stem diameter (A), number of internodes (B), Spad index(C) and above-ground dry weight (D) of basil plants (Ocimum basilicum)
grown in field conditions under different doses of Nitrogen and Potassium fertilization, at 45 days after transplanting [didmetro de caule
(A), nimero de internodios (B), indice Spad (C) e peso seco da parte aérea de plantas (D) de manjericao (Ocimum basilicum) cultivadas em
condigdo de campo sob diferentes doses de nitrogénio e potassio aos 45 dias apds transplantio]. (*, © Significant at 1 and 5% probability,
respectively, by F test). Vitoria da Conquista, UESB, 2006.

index; the interaction between N and K
was verified only on leaf area. Although
no effect of K was observed for any
evaluated characteristics, according to
variance analysis of the regression, it
was defined a tendency of number of
plagiotropic branches and stem diameter
relative to K doses (Figure 1).

The relationship between K doses
and number of plagiotropic branches
was outlined by an increasing linear
model and, to relationship between K
doses and stem diameter, a quadratic
polynomial model was defined (Figure
1 A). Camargo et al. (2008), in studies
of Aster ericoides, found that K
fertilization did not affect number
of branches. According to Rubio et
al. (2008), K availability can affect
auxin accumulation, by means of
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reduced expression of gene that controls
this hormone biosynthesis. For this
study, the trend of increasing K doses
promoting higher number of plagiotropic
branches was related to the restriction
of apical dominance. So, indirectly,
some indications were verified that the
increasing of K doses reduces the auxin
action promoting an apical dominance
phenomenon with consequent reduction
of plagiotropic branches.

The turning point of established
model for the relationship between stem
diameter and K reached a maximum of
12.61 mm at a dose of 68.57 kg ha'! of
N (Figure 1B). The increase in stem
diameter was reported by Costa et al.
(2008) and it was related to a higher
transport capacity of Ocimum selloi
plants cultivated under different organic

fertilization. It should be considered that
the absorption and assimilation of both
K and N by species and cultivars might
vary according to genotypic factor. In
studies realized by Nguyen et al. (2010),
Dark Opal cultivar showed greater K
rates in leaves in relation to Genovese
and Sweet Tai.

Ja¢imovi¢ et al. (2010) found no
effect of increasing N doses on shoot and
leaf dry mass of sweet basil. However, a
striking difference to height and number
of flowers was observed among four
varieties evaluated (Obi¢ni, Organski,
Purpurni, and Patul-jasti). Sifola &
Barbieri (2006) verified that applying
N doses (ranging between 0 to 300 kg
ha') resulted in a dry weight rise of
above-ground part. Higher values of leaf
fresh weight and number of leaves of
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Figure 3. Total leaf area of basil plants (Ocimum basilicum) grown in field conditions, under
different doses of nitrogen and potassium fertilization, at 45 days after transplanting [area
foliar total de plantas de manjerico (Ocimum basilicum) cultivadas em campo sob diferentes
doses de nitrogénio e potassio apds 45 dias do transplantio]. (¥, °© Significant at 1 and 5%
probability, respectively, by F test). Vitoria da Conquista, UESB, 2006.

lettuce cultivars Mostruoso Mammouth
and Napoletano were observed in
the referred study, in comparison to
Genovese Profumatissimo.

For N effect, a quadratic polynomial
model was designed for stem diameter
(Figure 2A), number of internodes (2B),
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Spad index (Figure 2C) and above-
ground dry mass weight (Figure 2D).
The highest values of growth parameters
afore mentioned were reached with N
doses between 113.7 and 119.54 kg
ha'!, except for number of internodes,
for which the highest value of 9.45 was

achieved in 61.11 kg ha' N.

In a study about N fertilization in
sweet basil planting, Golcz et al. (2006)
verified that intermediate doses of 1.2
+ 0.6 g N plant! resulted in a higher
leaf chlorophyll level. At higher doses,
a decreasing value of chlorophyll was
observed, similar to that occurred in
the present study. Despite the absence
of N effects on chlorophyll, carotenoids
and anthocyanins rates of basil plants,
Politycka & Golcz (2004) observed a
positive correlation between increasing
doses of N and chloroplastidic pigments,
with higher coefficients of chlorophyll
b and carotenoids.

According to Sharafzadeh &
Alizadeh (2011) it was verified that
a greater accumulation of shoot dry
mass occurred when highest doses
of NPK were applied (150, 100 and
100 kg ha’', respectively). Souza
et al. (2007) observed, for mint
hydroponic cultivation, that greater N
concentrations (120 mg L") resulted in
a higher above-ground plant biomass.
According to Zheljazkov et al. (2008),
the relationship between N rates and
basil plants growth was characterized by
quadratic polynomial model, the highest
values being reached at approximately
60 kg ha' N. Biesiada & Kus$ (2010)
observed that 150 kg ha' of N favored
P and Mg accumulation and higher Ca
and K rates were verified on basil plants
submitted to 250 kg ha' of N, resulting
in a greater production. According to
Sifola & Barbieri (2006), the higher
rates of fresh mass of basil occurred in
300 kg ha! of N fertilization. In studies
about N applying in basil hydroponic
cultivation, Gonzalez-Garcia et al.
(2009) verified that NH,*/NO," ratio of
20/80 promoted the greatest height, leaf
area and biomass accumulation.

The NK interaction was observed
to total leaf area, and the establishment
of all doses of evaluated elements was
possible, except for 100 kg ha' of K
in function to N doses (Figure 3). For
range of N rates at each K dose, it was
possible to establish models of behavior
trend (Figure 3A). The increasing linear
model was defined to 0 kg ha' of K dose
as a function to N doses, with occurrence
of greater value of leaf area to 150 kg
ha!. The quadratic polynomial model
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was outlined for other doses of K, with
maximum turning point observed in
doses of 115.86 and 59 kg ha' of N.
Therefore, despite of the absolute value
of the total leaf area, it was observed
that the interaction between N and
K was characterized by requirement
of lower concentrations of N as a
function of increasing doses of K. A
less expressive, but equally important
condition occurred for relation between
K doses and each N doses, being defined
the quadratic polynomial model for 0
and 50 kg ha'! and a linear model for 150
kg ha'!. According to established models
plants grown under 0, 50 and 150 kg ha!
of K, reached the maximum leaf area
value at 150, 128.60 and 0 kg ha™! of N,
respectively (Figure 3B).

For N and K interaction, it was
verified for total leaf area an opposite
tendency in treatment without N and
K as a function of increasing doses
of K and N, respectively (Figure 3A
and 3B). With additions of N rates, for
higher doses of K (150 kg ha™') there
was a decrease in leaf area (decreasing
linear model), indicating the competitive
inhibition between ions. When plants
received no N supply, additional K rates
resulted in enhance of total leaf arca
(increasing linear model), suggesting
no interference between ions. Laclau et
al. (2008) verified in eucalyptus plants
that the effect of K fertilization was
more evident than that promoted by N
fertilization for both mass accumulation
and leaf longevity.

For the interaction between N and
K a specific inverse adjustment was
verified: for lower doses of N, higher
leaf area values were achieved when
the plants were subjected to higher
doses of K. When the N rates were high,
the leaf area maximization of the area
was reached in condition of reduced
availability of K. The same was observed
when K doses were fixed and analyzed
in function to N (Figure 3). Nurzynska-
Wierdak et al. (2011) described that
increasing N and K doses applied to
basil plants were related to alterations
of EC occasioned by N-NH, and N-NO,
contents and K concentration in the
substratum. This condition could result
in a water availability restriction caused
by reduction of osmotic potential, and in
consequence, leaf area elongation could
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be restricted.

In conclusion, a quadratic model was
designed between nutrient doses and
growth, characterized by a maximizing
effect of N and from this value N
increasing doses were associated to
decreasing values. The K increasing
doses promoted reduction of apical
dominance inducing a higher number
of plagiotropic branches originating a
rising linear function. The major effect
of interaction between N and K doses
was verified for leaf area.
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