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Abstract

The water in semiarid regions contains salts in excess. When good quality water is not available it is necessary to use strategies that can
make feasible the use of saline water. The aim of this study was to evaluate the effects of the application of the plant growth regulator on
the culture of basil stressed with salt. The experiment was carried out in a randomized block design by the matrix “Central Box Compound”.
Shoot height, stem diameter, leaf area, dry masses and soil chemical characteristics were evaluated. The salinity of the irrigation water
causes reduction of the basil growth parameters, with the exception of the inflorescence dry mass. Plant growth regulator applications have
effect on basil growth when plants are irrigated with saline water.

Keywords: chemical soil properties; Ocimum basilicum L.; NaCl.

Estrés salino y regulador del crecimiento vegetal en la albahaca:
efectos sobre las plantas y el suelo

Resumen

El agua en las regiones semiaridas contiene sales en exceso. Cuando no se dispone de agua de buena calidad, es necesario utilizar estrategias
que permitan el uso de agua salina. El objetivo de este estudio fue evaluar los efectos de la aplicacion del regulador del crecimiento vegetal
en el cultivo de albahaca bajo estrés salino. El experimento se llevo a cabo en un disefio de bloques al azar, en la matriz “Compuesto Central
de Box”. Se evaluo¢ la altura de la parte aérea, el diametro del tallo, el area de la hoja, las masas secas y las caracteristicas quimicas del
suelo. La salinidad del agua de riego provoca la reduccion de los parametros de crecimiento de la albahaca, con la excepcion de la masa
seca de inflorescencia. Las aplicaciones del regulador del crecimiento vegetal tienen efecto sobre el crecimiento de la albahaca cuando las
plantas se riegan con agua salina.

Palabras clave: propiedades quimicas del suelo; Ocimum basilicum L.; NaCl.

1. Introduction substance of great economic value for the cosmetics,
pharmaceutical and perfumery industry. It is also used in the

Basil (Ocimum basilicum L.) is a sub-bush herb of the aromatization of foods, beverages and environments [3].
family Lamiaceae that can be cultivated in annual or The irrigation is one of the technologies that most
perennial systems [11]. The basil leaves have essential oils influences the growth of cultivated plants in the Northeast
secretory glands, whose main component is linalool, a region of Brazil, since it reduces the adverse effects of irregular
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rainfalls, typical climatic condition of semiarid regions [20].
However, in addition to the water volume available to the
plants, the water quality used in irrigation is another key factor,
mainly regarding the salt concentration [10].

Excessive salt concentrations in the soil solution
increases the osmotic potential, preventing or hindering the
plant's water uptake, and it also causes nutritional imbalance
and toxicity on the plant's physiology, negatively affecting its
development [9].

Researches have been conducted in order to evaluate the
water salinity effects on basil development and the results
have shown deleterious effects on plant growth [12,13,27].

Management strategies that might allow the use of saline
water in irrigation, without adversely affecting the plants
growth and development, have also been studied. The use of
plant growth regulators is among the management strategies
studied [29]. The use of these substances may be an
interesting alternative because they improve the growth and
development of plants, stimulating cell division and
increasing water and nutrients absorption [16].

Growth regulators may contain in its composition three
substances that act as growth promoters: the indolebutyric acid
(auxin), kinetin (cytokinin) and gibberellic acid (giberelin),
which can mitigate the deleterious effects of salinity stress [5].

Researchers have observed that the beneficial effects of
growth regulators can be inhibited by irrigation water salinity
[1971; however, their benefits may be influenced by factors such
as application, number of applications, concentration of
product, time of application and plant species. There is little
information in the literature about the use of growth regulators
in basil plants, especially under salinity stress conditions.

Considering that the use of saline water in irrigation is a
necessity, especially in water scarce regions, the hypothesis
was raised that the application of growth regulator can
alleviate the effects of the saline stress in basil plants. The
aim of this study was to evaluate the effects of the application
of a plant growth regulator to basil stressed by salt (Ocimum
basilicum L.).

2. Material and methods

The experiment was conducted from January to April,
2018, in a protected environment (greenhouse), in the
Department of Plant Science and Environmental Sciences of
the Agricultural Sciences Center of the Federal University of
Paraiba, Areia, Paraiba, Brazil.

According to Kdeppen's climate classification, the region
is identified as As' (semi humid tropical climate), with
rainfalls concentrated from March to August, average annual
rainfall of 1.200 mm, average air temperature of 24 °C and
87% relative humidity in the rainy season [6]. The
greenhouse atmospheric data during the experimental period
are shown in Fig. 1.

The basil cultivar Maria Bonita was used. Five to ten
seeds were sown per cell in a 200 plastic seedling tray.
Following germination, plants were thinned to one plant per
cell. At 20 days after sowing, when the seedlings presented 6
definitive leaves, the transplantation was done. After that, the
treatments regarding the irrigation management with saline
water were started.
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Figure 1. Maximum, medium and minimum temperatures (A) and
maximum, average and minimum values of relative humidity (B) in the
greenhouse during the experimental period.

Source: The authors.

The experimental units were represented by 5.0 dm®
capacity plastic pots, containing one plant per pot, at a
spacing of 0.6 x 0.4 m. The pots were filled with substrate
containing soil classified as Red-Yellow Latosol [24], and
tanned cattle manure in the proportion of 3:1. The substrate
was sifted in a 2.0 mm mesh sieve and subsequently it was
chemically analyzed. The results from the chemical analysis
are shown in Table 1.

Table 1.

Chemical characteristics of the substrate used in the experiment.
pH (H,0 12.5) 585
ECs dS m’! 0.84
oM % 3.24
\'% % 90.67
P cmol, dm™ 0.27
K* cmol, dm™ 0.17
Na* cmol, dm™ 1.50
Ca** cmol, dm™ 430
Mg cmol, dm™ 2.10
AP* cmol, dm™ 0.00
H + AP* cmol, dm™ 0.83
SB cmol, dm™ 8.07
CEC cmol, dm™ 8.90

ECs: Electrical conductivity of the saturated extract; OM: Organic matter;
V: Base saturation; SB: Sum bases; CEC: Cation exchange capacity.
Source: The authors.
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Table 2.
Treatments generated through the matrix “Central Box Compound”.
Levels Doses
ECw PGR ECw PGR
-1 -1 1.30 1.50
-1 1 1.30 8.50
1 -1 5.20 1.50
1 1 5.20 8.50
-a 0 0.50 5.00
o 0 6.00 5.00
0 o 3.25 10.00
0 -a 3.25 0.00
0 0 3.25 5.00
ECw: Electrical conductivities of irrigation water; PGR: Plant growth
regulator.
Source: The authors.
Table 3.
Chemical characteristics of the waters used in the experiment.
ECw pH K* Na® Ca* Mg"* COs* HCOs. Cr
[ e —— mmol. dm? ———memeo——- —
050 6.5  0.09 04 025 140 0.0 1.75 3.0
.30 72 0.09 27 030 123 0.0 2.25 12.7
325 7.1 0.09 138 035 1.15 0.0 225 337
520 73  0.09 235 038 1.38 0.0 .75 51.7
6.00 7.1 0.10 278 040 1.15 0.0 1.50 585

Source: The authors.

The experiment had a randomized block design, in a
factorial 5 X 5 model, combined according to the Box Central
Composite experimental matrix, consisting of five electrical
conductivities of irrigation water (ECw) and five doses of
plant growth regulator (PGR), with minimum (- o) and
maximum (a), values of 0.50 and 6.00 dS m™! and 0.00 and
10.00 mL L', respectively, totaling nine treatments with four
replicates and four plants per plot (Table 2).

Irrigation management was performed through the direct
method of drainage lysimetry [1]. The water with the lowest
ECw (0.50 dS m') came from the UFPB water supply
system. To prepare the waters with higher ECw, more of this
salt was added to the lower ECw (0.50 dS m"). The
microprocessed portable electrical conductivity meter
Instrutherm® (model CD-860) was used to measure the
salinities. The water characteristics are presented in Table 3.

The plant growth regulator used was composed of
0.005% indolebutyric acid (auxin), 0.005% gibberellic acid
(gibberellin), 0.009% kinetin (cytokinin) and 99.981% of
inert ingredients [22].

The growth regulator applications were made via foliar
between 4:00 p.m. and 5:00 p.m., at 7; 21; 35 and 49 days
after transplanting, applying solution volumes equivalent to
24, 7.2, 19.2 and 36.0 mL per plant, respectively. The
applications were made with an atomizer spray, and the
adjuvant Tween 80® was added to the solution at the
concentration of 0.0002%. Plants that did not receive the
plant growth regulator were sprayed only with water and
adjuvant.

At 57 days after transplanting, during the full flowering
period, the following growth variables were evaluated, shoot
height: measured from the stem base to the last leaf insertion,
using a ruler graduated in cm. Stem diameter: determined at
2 cm from the soil, using a digital caliper graduated in mm.

Leaf area: was measured from 50 random leaves with
graduated ruler, and applying the formula established by
[14]. For dry mass variables (stem, leaf, inflorescence, root
and total dry mass): the plant parts were separated and the
materials were packed in paper bags and then dried in a
forced air oven at 65 °C for 72 hours. Afterwards, they were
weighed on a precision scale balance (0.01 g).

At the end of the experiment, soil samples were collected
from each pot and homogenized into one composite sample
for each plot with a total of 36 samples to evaluate the
chemical properties of the soil. The samples were passed
through a 2 mm mesh sieve.

K* and Na* content were extracted using the Mehlich-1
extractor and determined by spectrometry of flame emission.
The cation exchange capacity (CEC), sum of bases (SB) and
base saturation (V) were calculated using the equations
proposed by [23]. The electrical conductivity of saturation
extraction (EC) were quantified according to the
methodology established by [7].

The data were submitted to ANOVA and regression using
the SAS University software (SAS Institute, Cary, North
Carolina, USA).

3. Results and discussion

There was no interaction between electrical conductivity
of irrigation water (ECw) and plant growth regulator (PGR),
nor was there any effect between growth regulator doses for
most of the variables, except for stem diameter and leaf dry
mass. However, differences were observed between the ECw
for all variables.

Analyzing the growth variables, it was noticed that there
were decreases in the values as the ECw increased, except for
the inflorescence biomass, which presented increase in the
values.

Shoot height decreased in response to the increase in
salinity of irrigation water, with the higher value (46.75 cm)
obtained at the ECw of 0.50 dS m, representing a
compromise of 20%, compared to plants irrigated with water
at the ECw of 6.00 dS m’!, where the lowest averages (37.28
cm) were obtained (Fig. 2A). Working in a hydroponic
system [2], observed similar behavior up to ECw of 8.48 dS
m!, evidencing reduction in the shoot height of basil plants.

As with shoot height, stem diameter was also negatively
affected by increased water salinity. It was observed that the
highest stem diameter value (9.48 mm) was obtained at the
ECw of 0.50 dS m™' and the lowest (7.49 mm) at 6.00 dS m"'
(Fig. 2B). Similar effect was observed by [12], who reported
decreased stem diameter when study in the behavior of Green
and Purple basil cultivars submitted to irrigation with up to
ECw of 5.00 dS m’'. The excess salts may have affected
nutrients uptake and concentration in the plants, justifying
reduction in the growth of plants [18].

In Fig. 2C it can be observed that the leaf area was severely
affected by the increase in ECw. The maximum (4344.09 cm?)
and minimum (2423.36 cm?) values were obtained at the ECw
0f 0.50 and 5.45 dS m!, respectively. These results are similar
from those found by [13], which observed a reduction of the
leaf area in the basil cultivars Genovese and Napoletano
irrigated with the same salinity levels.
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Figure 2. Shoot height (A), stem diameter (B) and leaf area (C) in basil
(Ocimum basilicum L.) submitted to salinity in the irrigation water (ECw).
Source: The authors.

The decrease of the leaf area is related to the mechanisms
of plant adaptation to salinity stress, which reduce the
transpiration surface, and thus the traspiration rates, in order
to mantain a higher water potential [30].
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Fig. 3 shows the results of the dry biomass, where a
significant effect is verified, influenced by the increased
salinity levels of the water used in the irrigation. For the stem
dry mass (Fig. 3A) and leaf dry mass (Fig. 3B) the highest
and lowest values were found at the ECw of 0.50 dS m™' and
6.00 dS m’!, representing a reduction of 48 and 53%,
respectively. Similar results were found by [26], who
obtained a decreasing response with the increase of irrigation
water salinity. [15] in studies with basil submitted to
irrigation with up to ECw of 8.00 dS m’!, observed reduction
of 58 and 88% in stem dry mass and leaf dry mass,
respectively.

For the inflorescence dry mass (Fig. 3C), the highest
amplitude was obtained between the ECw of 0.50 and 4.90 dS
m’!, obtaining an increase of more than 79%. When studying
the inflorescence biomass of the Canela basil cultivar submitted
to similar salinity levels, [27] registered a decreasing behavior,
aresult contrary to that obtained in the present work. According
to [17], depending on the genotype, the accumulation of toxic
ions may lead to the death of the older leaves of salt stressed
plants, compromising the photosynthetically active leaf area, so
that the plant anticipates its physiological processes while there
are still metabolically active leaves, in order to guarantee the
flowering and seed production. Early flowering is one of these
physiological processes, which may explain the increase in
inflorescence biomass with NaCl concentration increases.

The root dry mass (Fig. 3D) showed a significant effect
for the ECw. The maximum root dry mass value was obtained
at the electrical conductivity of 5.00 dS m™!. When comparing
the maximum root dry mass value to the average values of
the plants irrigated with the highest electrical conductivity
(6.0 dS m"), a 35% decrease is observed. [4], studying
salinity levels ranging from 0.40 to 8.00 dS m!, observed
reduction of 57%.

The total dry mass (Fig. 3E) presented decreasing values
as the ECw increased. The highest total dry mass value
(27.42 g) was obtained at the concentration of 0.50 dS m™,
whereas the lowest (17.60 g) was obtained in the
concentration of 6.00 dS m™’. The results corroborate with the
studies of [2] which observed a linear reduction behavior
with the increment of ECw.

The salinity deleterious effect on plant growth can be
explained by the impairment of biochemical and
physiological functionalities, being linked to the toxic,
osmotic and nutritional effects due to the salts accumulation
in the plants root zone [25].

Regarding the soil chemical characteristics, it was noticed
that there were increases in the values as the ECw increased
for all variables. Increasing salinity from 0.50 to 6.00 dS m!
resulted in increased linearly in the variables of K*, Na*, EC,
CEC, SB and V (Fig. 4). The estimated increased were 35,
79, 89, 46, 49 and 6% for K*, Na*, EC, CEC, SB and V,
respectively.

When the NaCl content in the soil is high, the absorption
of nutrients, especially K7, is reduced [21]. Thus, the linear
increase in K* content in the soil can be explained by the low
absorption of K™ by plants subjected to salt stress. Therefore,
much of the K" present in the soil may have come from
irrigation, since the water used contained K' in its
composition.
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Figure 3. Stem dry mass (A), leaf dry mass (B), inflorescence dry mass (C), root dry mass (D) and total dry mass (E) in basil (Ocimum basilicum L.)

submitted to salinity in the irrigation water (ECw).
Source: The authors.
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Source: The authors.

Higher levels of Na* were expected in the higher ECw, since
Na" was being added to the soil via irrigation water. Soils with  deficiencies, dispersion of soil particles or toxicity [10].
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Table 4.
Relative reduction of total dry matter yield in basil (Ocimum basilicum L.)
submitted to salinity of irrigation water.

ECw (dS m™) Yield reduction (%) Classification
1.30 10.53 Tolerant
3.25 19.05 Tolerant
5.20 32.29 Moderately tolerant
6.00 37.12 Moderately tolerant

Source: The authors.

A
8.8 -
L ]
£l
£
B
:
5
=
__‘lj
vl
y = 8.0621 + 0.2347%%x - 0.0229%%y
R*=031
0.0 . ‘ ‘ ‘
0.00 150 5.00 850  10.00
PGR (mL L™
B
10.2 - .
10.0 4
9.8 4
3
Y 9.6
g
o 944
i
g 9.2 -
=
9.0 -
9.8 ¥= 90809 + 0.3793%%x - 0.0396%+x"
4/ R*=0.85
0.0 4 . ‘ ‘ ‘
0.00  1.50 5.00 850 10.00
PGR (mL L™

Figure 5. Stem diameter (A) and leaf dry mass (B) in basil (Ocimum
basilicum L.) submitted to plant growth regulator (PGR).
Source: The authors.

The increase in EC, CEC, SB and V as a result of the
increase in ECw reflected the presence of exchangeable
cations in the soil solution, from the irrigation water.
According to [8], under conditions of saline stress, the water
absorption by plants is reduced and, consequently, will result
in more cations present in the soil solution. The soluble salts
in the soil solution increase the water retention forces due to
the osmotic effect, reducing the water absorption by the plant,
and in some cases, loss of water from the plant to the soil.

It can be observed in Table 4 that basil is classified as
tolerant to ECw up to of 3.25 dS m'!, whereas at higher ECw
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(5.20 dS m™" and 6.00 dS m™') the species is classified as
moderately tolerant, according to the classification proposed
by [28]. In a study by [2], basil was classified as tolerant to
the concentration of salts up to 1.45 dS m’!, whereas [12]
verified that the cultivars Green and Purple are tolerant until
the ECw of 1.50 dS m™.

The results obtained in this study show a low relative
reduction of the total dry matter production of the plants
submitted to saline stress in relation to the plants irrigated
with lower ECw (0.50 dS m™!), indicating tolerance of the
cultivar to the effects of salinity, even when submitted to
larger electrical conductivity of irrigation water. According
to [17] the mechanisms of tolerance to the effects of saline
stress can vary within the same plant species, which makes
some genotypes more tolerant than others.

There was a significant effect of the plant growth
regulator doses on stem diameter (Fig. 5A).

There was a quadratic response, with a maximum stem
diameter value (8.73 mm) obtained in the dose of 5.12 mL L~
. From this concentration on (5.12 mL L), the stem
diameter values started to decrease, and the minimum value
(8.07 mm) was observed at the highest growth regulator
concentration (10.00 mL L").

Similar to the stem diameter, the leaf dry mass presented
a quadratic response to the effect of the growth regulator
doses, obtaining up to 10.17 g in the dose of 4.79 mL L.
From this concentration, biomass reduction occurred,
reaching the lowest value in the dose of 10.00 mL L-!, with
9.03 g (Fig. 5B). For [19] the beneficial effects of plant
regulators on plant growth are inhibited according to the
saline stress intensity, which may explain the quadratic effect
obtained on stem diameter and leaf dry mass.

Conclusions

Salinity stress causes reduction of growth parameters in
basil (Ocimum basilicum L.), except for inflorescence dry
mass, which increase up to the electrical conductivity of
irrigation water of 4.90 dS m™!.

The basil cultivar Maria Bonita can be considered as
tolerant to electrical conductivity of irrigation water up to
3.25dS m™.

The contents of the chemical characteristics of the soil
were increased as the electrical conductivity of irrigation
increased.

Exogenous plant growth regulator applications do have
positive effects on basil growth when plants are subjected to
salinity stress.
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