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Abstract

Studies on the cultivation of medicinal plants are of relevance to the population since they are primary sources
of medication. Among these plants stands out the rosemary (Rosmarinus officinalis L.) for having diverse
therapeutic properties. The objective of this work was to evaluate the inifial growth and nutritional status of
rosemary plants grown with different co’'ncentrations of nitrogen and sulfur. The treatments were distributed in
a 4x2 factorial scheme with four nitrogen doses: 105, 210, 315, and 420 mg L' of nitrogen combined with two
sulfur doses: 32 and 64 mg L' with seven replications totaling 56 experimental units. The seedlings were obtained
through asexual propagation (cuttings), originating from parent plants. The experimental units were arranged in
a completely randomized design. Growth evaluations were carried out at 120 days of cultivation, using: plant
height (HT) stem diameter (DS), root dry matter mass (RDM), stem dry matter mass (SDM), mass leaf dry matter
(LDM), total dry matter (TDM), shoot dry matter mass (SDMS). The data obtained were subjected to analysis of
variance and depending on the level of significance in the F test, the study was carried out using the means
test (Tukey 5%). The agronomic characteristics (HT), (DS), (RDM) and (MDMAP) were significant for N. Only (RDM)
showed significant interaction for the doses of N and S. The dose 420 mg L' promoted the highest concentrations
in the components leaf and stem. The lowest dose 105 mg L', N promoted the highest concentrations of S in the

leaf and stem. The assimilation of S by the rosemary plants was dependent on the doses of N.
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Introduction

Rosemary (Rosmarinus officinalis L.) belongs to
the Lamiaceae family, originally from the Mediterranean
region of Europe, hasbeen cultivatedin almost allcountries
with a fropical climate, including Brazil (Malaquias et al.,
2014). This plant has a woody sub-shrub size, can reach
up to 1.5 min height. Its leaves are small, linear, leathery,
opposite, lanceolate and very aromatic, with small light
bluish flowers, and with a strong and pleasant aroma. It is
also known as: alecrim de horta, alecrim de jardim, erva-
coada, erva-de-graca, rosma-marinha and rosmarino
(Lorenzi & Matos, 2006).

Characterized as a colorless or pale yellow liquid
with a characteristic odor rosemary essential oil stands
out in various sectors of the industry, possessing many
medicinal properties, being used in food preservation,
fragrance development and aromatherapy due to ifs
antioxidant and antimicrobial activity (Raskovi¢ et al.,

2014).

Itis widely used for both food and herbal purposes,
studies with rosemary in the literature are sfill scarce,
especially in relation to their nutritional requirements. To
achieve satisfactory yields of plant material and active
ingredients, knowing the proper management is of
relevance, since the external stimuli of the environment
will influence the production indexes and quality (Ehlert
et al., 2013).

Among the essential elements for the good
performance of crops, we have nitrogen, used in
fertilization to enhance the production of biomass,
since it is responsible for cell expansion, resulting in the
development of the plant area, also exercising the
function of essential constituent of pigments and proteins,
which have an important influence on physiological
processes (Taiz et al., 2017). Like nitrogen, sulfur plays a
similar role in the function of numerous compounds, such
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as amino acids, proteins, coenzymes, among others,
in addition to processes of cell differentfiation, ionic
absorption and hormonal confrol (Stipp & Casarin, 2010).

Because of this, the relationship between them
has become the object of study aiming to correlate it with
plant growth and development. Studies such as Bonfim-
Silva & Monteiro (2007), obtained positive results in grass
production as a function of combined doses of N and S.

Silva & Trevizam (2015) when evaluating the
jionic interaction between N and S and their effects on
plant nufrition found that greater knowledge of these
interactions can contribute to the compression of the
dynamics in the soil and in the plant and, therefore,
obtain anincrease in crop productivity.

Thus, the N and S interaction must be taken into
account in the fertilization recommendations. Because
most of the N in plants is in the form of protfeins and sulfur
as cysteine and methionine. In case of deficiency of
these elements there will be a decrease in the production
of these amino acids and the proteins that contain them
will not be formed (Marschner, 2012).

The use of concentrated fertilizer formulas, without
the addition of §, results in the low utilization of nitrogen
fertilizer, therefore the combination of N and S should be

considered in the fertilization programs (Cantarella, 2007).
In view of the above, the aim of this study was to

evaluate the combination of nitrogen and sulfur doses in

the growth and nutritional diagnosis of rosemary plants.

Material and Methods

The experiment was conducted in a greenhouse
located on the experimental farm of the Center for
Agrarian, Environmental and Biological Sciences of
the Federal University of Recdncavo da Bahia in the
municipality of Cruz das Almas-BA, which is geographically
located at 12°40'19"S and 39°06'22'W at an altitude of
212 m. The local climate is classified as hot and humid
fropical, Aw to Am, according to the classification of
Képpen-Geiger (Alvares et al., 2013), with an average
temperature of 23.0 °C per year and average annual
rainfall of 1,136 mm.

The soil used to perform the experiment was
classified as a dystrophic Argisol (Ericsson & Ronge, 2006).
Plastic vessels with a capacity of 3.0 L' were filled with
soil collected in the 0.0 to 0.20 m depth layer, where
analyses of chemical (Table 1) and textural aftributes
were performed, with values of 80.23 % for sand, 15.30 %
for clay and 4.47 % for silt.

Table 1. Chemical attributes of the Argisol used for the cultivation of Rosemary at a depth of 0.0 - 20 cm, Cruz das Almas, BA,

2019.
Prof. pH P K S Ca Mg Al Na H+AI SB CTC \ M.O
(cm) HO ... MO LT s e Cmol_ L % 9Kg
0.0-20 5.6 0.1 7.32 2.6 0.8 0.5 0.0 0.00 1.5 1.2 2.82 47 0.96
SB - Sum of bases; CTC (t) - Effective cation exchange capacity; CTC (T) = cation exchange capacity at pH = 7; MO - soil organic matter; V - Base saturation.

The experimental design completely
randomized in a 4 x 2 factorial scheme, with four nitrogen
doses: 105, 210, 315, and 420 mg L' and two sulfur doses:
32 and 64 mg L', with seven replications totaling 56
experimental units. The following doses of micronutrients
were applied to each vessel: boron (B) = 0.81 mg L
of H,BO, copper (Cu) = 1.33 mg L' of CuSO,.5H,O;

wdas

molybdenum (Mo) = 0.15 mg L' of (NH,) 6M0.0,,.4H,0;
manganese (Mn) = 3.66 mg L' of MnCl,.H,O and zinc
(Zn) = 40 mg L' of ZnSO,.7H,0. The concentration of
each nutrient was provided via complete and modified
nutrient solutions according to (Hoagland & Arnon, 1950)
(Table 2).

Table 2. Volume (mL) of stock solutions to form 1 L' of modified nutrient solution, using combinations of nitrogen and sulfur

according to the respective treatments.

Stock solution

Doses of (N:S)

(TM) 105/64  105/32 210/64 210/32 315/64 315/32 420/64 420/32
(mL)

KH,PO, 1 1 1 1 1 1 1 1

KNO, 5 5 5 5 5 5 5 5

Ca (NQ,), 1.25 1.25 5 5 5 5 5 5

Mg SO, 2 1 2 1 2 1 2 1

CaCl, 3.75 3.75 0 0 0 0 0 0

MgCl, 0 1 0 1 0 1 0 1
NH,NO, 0 0 0 0 3.75 3.75 7.5 7.5

Micronutrients 1 1 1 1 1 1 1 1

Ferric EDTA 1 1 1 1 1 1 1 1

**Micronutrient solution (g / 1): H,BO, = 2.86; MnCl, 4H,0 = 1.81; ZnCl, = 0.10; CuCl, = 0.04; H,M00,H,0 = 0.02. * Ferric-EDTA solution: 26.1 g of disodium EDTA were dissolved in 286 ml of TN NaOH + 24.9 g

of FeS0,.7H,0 and aerated for one night
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Table 2. Volume (mL) of stock solutions to form
1 L' of modified nutrient solution, using combinations of
nitrogen and sulfur according to the respective treatments

The rosemary seedlings were obtained by
cuttings from plants grown in nurseries and produced in
polyethylene plastic bags with 1.0 LT of substrate (70 %
soil + 30 % earthworm humus). The most homogeneous
seedlings were selected and fransferred to the pots,
where they remained for a period of 120 days.

The plants were harvested at 120 days and the
following agronomic characteristics were evaluated:
plant height (HT), using a milimeter ruler, measuring from
the neck to the apical meristem, the stem diameter
(DS), using a digital caliper. Subsequently, the vegetable
components were separated into leaves, stems and roofts,
which were packed in paper bags, identified and taken
to a forced air circulation oven at 45° C unfil reaching
constant weight to determine the root dry matter mass
(RDM), stem dry matter mass (SDM), leaf dry matter mass
(LDM) and total dry matter mass (TDM) for determining
growth variables according fo the plant growth analysis
manual (Benicasa, 2004).

After drying, the samples were ground in a
standard Willy mill with a 20 mesh screen. 0.1 g of the
dry matter weight of the leaves, stem and root were
weighed on an analytical balance and subjected to
acid digestion as described in (Jones, 2001; Silva, 2009).
The digested material was diluted to 100 mL with distilled
water, obtaining the extract for the analysis of nifrogen

(N), phosphorus (P) and potassium (K).
determined by the spectrophotometric method of phenol-
hypochlorite (Weatherburn, 1967), potassium by flame
photometry and phosphorus by the spectrophotometric
method of molybdate-vanadate (Faithfull, 2002). The S
content was determined by the furbidimetric method
according to (Silva, 2009).

The results were submitted to statistical analysis of

Nitrogen was

variance, and as a function of the significance level by
the F test, for doses of nitrogen, sulfur and their interaction,
the Tukey means test af (p<0.05) of probability (Ferreira,
2008) was performed. It is noteworthy, as this study did
not adopt dose 0, the ideal dose of N for rosemary plants
at this stage of growth is in the range of 0 to 105 mg L.

Results and Discussion

From the analyses carried out, there were
differences in the level of (p < 0.05 and 0.01) for the
following agronomic characteristics: plant height, mass of
dry matter of stem, mass of dry matter of roof, and mass
of total dry matter. Significant interaction with variations
in nifrogen and sulfur doses was observed only for root
dry matter mass (Table 3). It was found that the variables
stem diameter and dry matter weight of leaves were not
influenced by the tfreatments studied.

The height of the rosemary plants varied with
increasing nitrogen doses. The dose that provided the
highest height was 105 mg L' of N with 64 mg L' S where
the plants grew on average 44 cm (Table 4).

Table 3. Summary of analysis of variance with respective mean squares for the variables: plant height (HT), stem diameter (DS),
leaf dry matter mass (LDM), stem dry matter mass (SDM) and root dry matter mass (RDM), of rosemary plants cultivated with
nitrogen and sulfur doses in a greenhouse, Cruz das Almas, BA, 2019.

Sources of Variation HT DS LDM SDM RDM SDMS DM
(cm) (mm) (9)
Nitrogen (@ 181.64" 0.9261m 0.2319m 0.8804™ 0,0084** 5.3396** 18.1814*
Sulfurt®) 4.5714 0.5157m 0.4029" 0.9991* 0,9205"™ 0.3317m 1.7466™
Interaction (@) 9.6666™ 0.7881m 0.51127 0.1506™ 3.3474* 4.0830" 22.5030M
CV% 10.54 8.54 12.22 12.57 21.58 16.46 16.65

* Significant at 5%. ** Significant at 1% probability by the F test; ™ Not significant at 5% probability by the F test; C.V.= coefficient of variation.

Table 4. Plant height (HT), stem matter mass (RDM), root dry matter mass (SDM), shoot dry matter mass (SDMS) and fotal plant
dry matter mass (TDM) of rosemary (Rosmarinus officinalis L.) cultivated with different doses of Nitrogen and Sulfur Cruz das

Almas-BA, 2019.
Doses N and S HT SDM RDM SDMS TDM
(cm) (9)

105:64 440a 3.73a 4.35 ab 7.67 ab 11.99b
105:32 438 a 3.48 ab 432b 8.33a 12.68 b
210:64 36.4b 3.65 ab 5.18 a 7.28 b 12.88 ab
210:32 38.1 ab 3.11ab 4.84 a 8.32a 13.75a
315:64 420a 3.39 ab 4.54 a 7.57 adb 12.34b
315:32 40.0 ab 3.16 ab 4.79 a 8.08 ab 13.36 a
420:64 350c 3.01b 524 a 7.34 ab 12.52 b
420:32 37.1 ab 2.98b 3.50c 5.96 c 8.46 c

*Same letters do not differ in columns, by Tukey's test at 5% probability.
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The lowest height was observed at the dose 420
mg L' of N and 64 mg L' of S, where the plants grew on
average 35 cm characterizing a reduction of 20.45 %.
Comparing the N: S ratios with the lowest dose of 105 mg
LT of N with 64 mg L' corresponds to an N and S ratio of 1;
0.64 and the dose 420 mg L' of N with 64 mg L', at 6:0.56.
In order for the 6: 0.56 ratio not to have a negative effect
on the height of rosemary plants, it would be necessary
to increase the sulfur supply to 256 mg L', thus obtaining
the ideal ratio of N and S, corresponding to 1:62 for this
agronomic characteristic.

Generally, in most cases, a higher nitrogen supply
brings positive responses in plant growth. In the case of
this study, the addition of N had the opposite effect,
since the sulfur supply was insufficient, which may have
interfered with the efficiency of nitrogen absorption.

May et al. (2010) also obtained the same result
of plant growth in the evaluation of phytomass and
essential oil production of Mentha citrata as a function
of nitrogen fertilization, because nitrogen has a direct
relationship with the photosynthetic capacity of plants.
Therefore, the supply in adequate quantities provides its
greatest growth.

For the variable stem dry matter mass (SDM),
the highest yield of stem dry matter obtained was 3.73
g corresponding to a dose of 105 mg L' of N, and the
lowest was 2.98 g for the 420 mg L' dose of N, promoting
a reduction of 8%. Comparing the variation of S 64 mg
LT and 32 mg L' in relation to the highest and lowest N
dose, the mass reductions were 14 and 11% respectively
(Table 4).

Liu et al. (2009) corroborate the results found
where they verified no interaction between N and S in
the cultivation of Chinese chives, however, this crop
was responsive to the nufrients treated in isolatfion,
corroborating the results found with rosemary.

The results obtained for root dry matter mass
demonstrated a significant effect for the doses of N and
on the interaction between N and S. The best result found
for this variable was for the treatment 420 mg L' N and 64
mg L' S with a yield of 5.24 g, compared with the lowest
result corresponding to 420 mg L' N and 32 mg L' S with
3.50 g, with a reduction of 33.2 % (Table 4).

The evaluation of roofs in plant growth has
relevance, because it is through them that water and
nutrients are absorbed by plants. Peixoto et al. (2011)
pointed out that roofs are an important component to
be considered in the evaluation of total plant growth,
especially when they are related to economic production.

Silva et al. (2013) when studying nitrogen doses

in wheat crop obtained a significant increase in root dry
mass with maximum production at the nitrogen dose of
54.44 mg L. Studying nifrogen and sulfur interaction in
brachiaria grass (Brachiaria decumbens), Silveira et al.
(2011) obtained a significant effect isolated from nitfrogen
fertilization in the production of dry root mass, where the
results were adjusted to the quadratic model. Ciriello et
al. (2014) verifying increasing doses of nitrogen fertilizer in
the form of urea (0, 40, 80, 120, and 160 mg L") in the initial
growth of guanandi (Calophyllum brasiliense Cambeéss),
observed that the lowest dose, 40 mg L', was responsible
for the greater accumulation of root biomass of these
seedlings. For rosemary, root growth had different
responses to the doses of S used, with the best dose being
210 mg L' of N, where the maximum point was found
corresponding to 239.17 mg L' combined with 62 mg L
S, respectively.

Following the same reasoning, the results for
shoot dry matter mass obtained the highest mean for 105
mg L' dose of N with 32 mg L' of S with yield 8.33 g and
lowest 420 mg L' of N with 64 mg L' of S with 5.96 g, with
areduction of 28.4 %. Comparing the highest and lowest
doses of N as a function of the variation in the doses of S
64 and 32 ha, there was a reduction of 8 % to 105 and 18
% to 420, respectively.

May et al. (2010) evaluating the production of
accumulated dry mass of the aerial part of M. citrata as
a function of increasing nitrogen doses observed that the
highest doses promoted increases in the accumulated
dry mass of the aerial part, with an increase of 32 % in
the dry mass produced with application of 200 kg ha' of
N compared to non-applicatfion of nifrogen, going from
4,856 to 6,420 kg ha'' of dry mass between the lowest and
highest doses, respectively.

Plants generally respond well to nifrogen
fertilization. However, excess N is harmful; therefore, the
dose supplied to the crop should be well balanced in
relation fo the amount of other nutrients, including sulfur.
The studied species showed low nifrogen need aft this
stage of its growth, and the lowest dose provided (105
mg L) was sufficient for a good dry matter yield of the
plant.

The results found for total dry matter mass of the
plants indicate that the highest mean was for dose at 210
mg LT of N with 32 mg L' S with 13.75 g and the lowest
420 mg L' N with 32 mg L' S had a yield of 8.46 g and
produced a reduction of 38.4 %. Comparing the highest
and lowest dose of N as a function of the variation of
doses 64 mg L' and 32 mg L' of S, there was a reduction
of 4.2 % for 105 and 33 % to 420, respectively.
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The total dry matter mass of the plant is an
important data, because through the results, one has
a nofion of the level of photosynthetic efficiency of the
leaves, and from this evaluates its contribution in plant
growth.

Mastucello et al. (2018) evaluating Panicum
maximum BRS Quénia grass production in relation to
the increase in N doses observed that the efficiency of
N decreased as the fertilizer dose increased from 14.7 to
27.97 % for total dry matter mass, showing similarity with
the results found for rosemary. It is worth noting that these
results do not occur frequently, since there are several
studies that affirm that the greater mass production of
the dry matter of the plants occurs due to the increase
in the dose of N, because of the participation of the
associated element in the acceleration of the growth
rate, acting as a conftrolling factor of the different growth
and development processes of the plants, providing an
increase in phytomass by carbon fixation.

Freitas et al. (2012) working with Passiflora alata,
obtained an increase in dry phytomass with the increase

of Ndoses up to amaximum dose, followed by a decrease
in subsequent doses. Binoftti et al. (2010) working with the
sources of N, urea, ammonium sulfate and the mixture 50
% urea + 50 % ammonium sulfate at the dose of 80 kg
ha' of N also found increments of 9 %; 20 % and 22 %
respectively in the dry mass of bean plants.

In this study with rosemary plants, the increase in
doses caused the opposite effect, demonstrating that
the plant was not responsive to the treatments used,
which may be related to the nutritional requirement and
the acclimatization conditions of the vegetable.

The results expressed from the mean squares
obtained for nutritional diagnosis, show that there was a
significant effect of the levels of N, P, K and S, depending
on the doses of N and S (Table 5). The levels of N were
significant for the leaf and stem components, P for leaf,
and S for all plant components. The interaction between
the doses of N and S, showed significance only for the
stem component. The levels of K in the leaf and stem
were noft significant due to the doses of N and S used.

Table 5. Summary of analysis of variance with respective mean squares for the variables: nitrogen (N), sulfur (S), phosphorus (P)
and potassium (K) of the leaf, stem, root in plants of Rosemary (Rosmarinus officinalis L.) grown with different doses of nitfrogen

and sulfur Cruz das Almas-BA, 2019.

N
N

N
)

SOUF.CGAS of Leaf Stem Root Leaf Stem Root
variation
g Kg'
N(@) 346.2° 5.72" 127.3™ 16.81" 12.09" 11.06
NE 4,47 0.707 1.24n 0.66™ 0.40 28.53"
N x Sl 171.6™ 1.76m 491.9 3.48™ 13.84" 7.40m
CV (%) 23.2 22.48 26.48 9.43 21.41 13.31
P. K
SOUF.CG‘S of Leaf Stem Root Leaf Stem Root
variation
gKg'
N(@ 0.11" 0.16m 0.15m 4,42 9.31m 70.79"
Ste) 0.12" 0.28" 0.52m 0.20m 5.60m 8.84m
N x Sla®) 0.16" 0.10m 0.19n 4.84n 23.53 21.09m
CV (%) 12.86 22.5 20.13 12.86 22.5 24.18

(@ Nitrogen (105, 210, 315, and 420 mg L"); ) Sulfur (32 and é4); (@) Nitrogen x Sulfur; * Significant at 5%. ** Significant at 1% probability by the F test; ™ Not significant at 5% probability by the F test; C.V.=

coefficient of variation.

The concentratfions of N in leaves and stem in
rosemary plants were significantly higher (p < 0.05 and
0.01) in the freatment of 420 mg L' N and 64 mg L' S,
when compared with doses 105 mg L' N and 32 mg L™ of
S, with areduction of 53.6 % for the leaves and 78 % in the
stem. These results indicate that with the increase of the N
and S ratio, there was greater absorption and assimilation
of N in these components. On the other hand, it is verified
that in the roofs the N concenfration was not influenced
by the concentrations of S applied (Table 6).
that
extracted from the soil, being collected periodically,

Considering rosemary plants are not

these results indicate that in soils with low availability of S,

the assimilation of N will not be impaired in the formation
of organic compounds such as amino acids and proteins
in the roofs.

The results obtained with the rosemary plants
for the N contfent indicate that although there was no
significant difference in the interaction, there was a
greater assimilation of N af the highest dose of S 64 mg L
used, corresponding to a ratio of 6:5.

For the
components obtained significant differences depending

levels of S in rosemary plants, all

on the doses of N used.
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Table 6. Concentrations of nitrogen (N) and sulfur (S), in leaf, stem, and root in the plant Alecrim (Rosmarinus officinalis L.)
cultivated with different doses of nitrogen and sulfur in Cruz das Almas-BA, 2019.

N
IN

S
N

Doses of N and S Leaf Stem Root Leaf Stem Root
(9Kg)
105:64 2.78 ab 1.25b 1.05a 0.013 ab 0.05a 0.011 ab
105:32 2.14b 1.46 b 1.10a 0.011b 0.02b 0.010 bc
210:64 2.99 ab 1.64 b 1.15a 0.014 ab 0.02b 0.011 abc
210:32 3.19 ab 0.82b 1.20 a 0.016 a 0.02b 0.012 ab
315:64 3.92 ab 1.65b 1.34 a 0.016 a 0.02b 0.014a
315:32 3.33 ab 2.39 ab 1.45a 0.015ab 0.06 a 0.012 ab
420:64 4.64 a 3.74a 1.38 a 0.016 a 0.05a 0.013 ab
420:32 3.30 ab 2.42 ab 1.57 a 0.015ab 0.05a 0.009 c

*Same letters do not differ by Tukey's test at 5% probability.

In the leaf component, the lowest concentrations
of 105 mg L' N, even increasing the dose of S, ifs
assimilation by the leaves did not increase. It can also
be inferred that in the lowest concentration of 32 mg
L1, N was better assimilated when available in the dose
of 210 mg L', however, in doses higher than this it was
found that there was no influence on the assimilation of
S. For the stem component, it was observed that in low
concenfrations of N there was a greater assimilation of
S, demonstrating a greater efficiency of assimilation of S.

In the root component, the absorption and
assimilation of S was higher in the dose 315 mg L' of N
with 64 mg L' of S, differing only for the treatment 420
mg L' of N, it was observed that the assimilation of S was
higher when it was supplied in the largest amount at 64
mg L. This implies that soils rich in organic matter or that
receive high doses of nifrogen fertilizers are necessary for
the application of S for its greater efficiency of absorption
by the roots.

Davidian & Kopriva (2010) explained that when
exfracted from the soil by plants, S in the form of sulfate
is assimilated or transiently stored in vacuoles of roots or
leaves. This fact was observed by Girondé et al. (2014),
when evaluating the impact of sulfur restriction on seed
yield and quality and redistribution of this element on the
components of Brassica napus L. plants. They found that
a large part of the assimilated sulfur was allocated to the
roots, explaining the greater dry matter weight gain in this
organ when compared to other freatments.

When studying the responses of crops and
availability of S in soils with different levels of clay and
organic matter submitted to sulfated fertilization, Tiecher
et al. (2012) found that the amount of S in the aerial
part of plants and the content of S available in the soil
increased with the application of the nutrient.

Several plant compounds have both N and
S, which helps to explain the existence of an N and S
relationship that are linked to growth and production
(Malavolta & Moraes, 2007). Cruciol et al. (2006) affirmed

that when there is a limitation in the supply of S, the
application of high doses of other nutrients in plants,
mainly N, P and K, result in low productivity, due to
imbalances in the N/S and P/S ratios, respectively.

According to Jamal ef al. (2010) the interaction
between N and S is directly related to the changes
and physiological responses of plants, studies on this
relationship can assist in ferfilization recommendations,
which will vary according to the crop.

Thus, establishing abalanced N-and-S relationship
for crops is necessary. It is noteworthy that even these
elements have a strong inter-relationship of absorption
and assimilation, studies of the relationship are scarce
for most crops, especially for medicinal plants such as
rosemary.

Conclusions

There was no significant interaction for the
doses of N and S in most of the evaluated agronomic
characteristics, except for root dry matter mass.

The increase in N doses promoted the highest
concentrations of this nutrient in the leaf and in the stem
regardless of the S doses used.

The efficiency of sulfur assimilation in the leaf
and stem components increases when N is in high
concentrations.

The assimilation of S by the rosemary plants is
dependent on the availability of N in the sail.
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