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Basil (Ocimum basilicum, Lamiaceae) 
is an herbaceous perennial plant, of 

great economic importance (Luz et al., 
2009). This herb is very appreciated in 
worldwide cuisine. It can be consumed 
in natura, as dehydrated spice, for meat, 
fish, chicken, salads, soups, filling, as an 
ingredient in pasta and Italian sauce or 
as raw material for industrial processing. 
It can also be used in candies, liqueurs, 
in flavoring foods and beverages, as 
cosmetic, fungicide, insecticide and 
bactericide (Paiva et al., 2011; Pereira & 
Moreira, 2011; Veloso, 2012; Beatović 
et al., 2015).

The crop's nutritional management 
is one of the factors that is responsible 
for productive traits of basil (Acharya 
et al., 2020). Nitrogen (N) stands out as 

the most required mineral for basil crop. 
This nutrient plays a fundamental role 
in many plant cell components (Taiz et 
al., 2017), that is to say, it is essential 
for development and reproduction of 
the plant (Leghari et al., 2016). When N 
is properly supplied, we verify positive 
gains in production and quality of leafy 
vegetables, such as basil (Argyropoulou 
et al., 2015; Ferreira et al., 2016; 
Rahimikhoo et al., 2020), since this 
nutrient participates in the biosynthesis 
of amino acids and proteins, nitrogen 
bases, plant membranes and hormones 
(Marschner, 2012). Despite the above, 
as the soils in Brazil, in general, show 
small amount of N, fertilizer application 
is always indispensable (Jadon et al., 
2018).

In general, an appropriate nitrogen 
application has a positive effect on 
vital physiological and biochemical 
processes for growing and development 
of the crops (Marschner, 2012; Taiz et 
al., 2017). As observed by Bassi et al. 
(2018), an appropriate N supplement 
increases the photosynthetic apparatus 
and, consequently, the chlorophyll 
content, the amount and activity of 
carboxylation enzymes, total protein, 
sugar content, total N and metabolites 
related to photosynthesis. Thus, the 
photosynthetic machinery is responsible 
for part of N content in the leaf (Lambers 
et al., 2008) being the photosynthetic 
capacity associated with the availability 
of this nutrient in plant tissues.

In relation to N quantity required 
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ABSTRACT
The aim of this study was to evaluate productive and physiological 

traits of basil cv. Italiano Genovese grown in nitrogen-fertilized soil. 
We studied five doses of nitrogen (25, 50, 75, 100 and 125 kg ha-1), 
in urea form. The experimental design was completely randomized, 
with four replicates. The maximum plant height was 79 cm, applying 
65.7 kg ha-1 N. Shoot fresh and dry masses (814.1 g plant-1 and 111.4 
g plant-1, respectively) and productivity (4.4 t ha-1) reached maximum 
values at 86.2; 80.2 and 82.5 kg ha-1 N, respectively. The highest N 
content in plant shoot was 26.1 g kg-1 at 125 kg ha-1 N. Photosynthesis 
and instantaneous carboxylation efficiency obtained maximum 
responses at doses of 85.3 and 83.3 kg ha-1 N, respectively. Stomatal 
conductance and transpiration increased with N additional rates.

Keywords: Ocimum basilicum, nitrogen, gas exchange.

RESUMO
Respostas fisiológicas e produtividade do manjericão em 

função da adubação nitrogenada

Objetivou-se com este estudo avaliar características fisiológicas 
e produtividade do manjericão cv. Italiano Genovese cultivado 
em campo e adubado com nitrogênio. Estudaram-se cinco doses 
de nitrogênio (25, 50, 75, 100 e 125 kg ha-1), na forma de ureia. O 
delineamento experimental foi em blocos casualizados, com quatro 
repetições. A altura máxima das plantas foi de 79 cm, sob a dose de 
65,7 kg ha-1 de N. As massas frescas e secas da parte aérea (814,1 g 
planta-1 e 111,4 g planta-1, respectivamente) e a produtividade (4,4 t ha-1) 
atingiram valores máximos sob as doses de 86,2; 80,2 e 82,5 kg ha-1 de 
N, respectivamente. O maior teor de N na parte aérea das plantas foi 
de 26,1 g kg-1 obtido sob a dose de 125 kg ha-1 de N. A fotossíntese e 
a eficiência instantânea de carboxilação obtiveram máximas respostas 
sob as doses de 85,3 e 83,3 kg ha-1 de N, respectivamente. Para a 
condutância estomática e a transpiração observou-se aumento com 
acréscimo das doses de nitrogênio.
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and applied to basil crops, variations in 
doses have been observed in previous 
studies (Ferreira et al., 2015, 2016; 
Rahimikhoo et al., 2020). Argyropoulou 
et al. (2015) showed that photosynthesis, 
transpiration and stomatal conductance 
were reduced in basil plants under 
low concentrations of N in a nutrient 
solution. Therefore, these authors 
verified that the primary metabolism 
of this crop is extremely limited by N 
availability. On the other hand, Sifola 
& Barbieri (2006) verified that high 
amounts of nitrogen fertilizer in soil 
allowed higher productive yields both 
for fresh mass and for essential oil.

Given the above, a diagnosis based 
on basil N demand is necessary, making 
N fertilizer more efficient related to 
physiological and productive traits 
and also to reduce the risk of waste in 
the environment (Ferreira et al., 2016; 
Ruan et al., 2016, Bassi et al., 2018). 
Thus, excessive levels of N, as well as 
accumulation (luxury consumption) or 
tissue deficiency should be avoided.

Considering the information, in this 
study, we evaluated the physiological 
behavior and productivity of basil cv. 
Italiano Genovese related to increasing 
N doses applied to soil.

MATERIAL AND METHODS

The experiment was carried out 
in the field, in the Department of 
Phytotechnics, in Centro de Ciências 
Agrárias, at Universidade Federal do 
Ceará, Pici Campus, Fortaleza-CE 
(3º44’37”S, 38º34’25”W, altitude 22 
m), from September to December, 2015. 
The local climate is ‘As’, according to 
Köppen, dry summer tropical climate. 
Average annual temperature was 27°C 
and rainfall 1,450 mm (Alvares et al., 
2013).

The experimental design was 
randomized blocks, with four replicates 
and five treatments (25, 50, 75, 100 and 
125 kg ha-1 N). Three split doses of N 
were applied, considering that 50% of 
this dose was applied at planting and 
two split doses of 25% in top-dressing, 
at 10 and 20 days after transplanting. We 
used urea as fertilizer source, diluted in 
water. Urea was applied between rows, 
directly to soil, with a water can. The 

plot consisted of eight plants in double 
rows, spaced 0.60 m between rows and 
0.30 m between plants, considering four 
central plants as useful area. The border 
line consisted of two plants between 
treatments, keeping the same spacing 
used for the useful plants.

The basil  seeds (cv. Italiano 
Genovese) were sown in 162 cells 
polystyrene trays, filled with substrate 
containing compost and vermiculite in a 
ratio of 9:1 (v v-1), respectively, showing 
the following chemical composition in 
macronutrients (%): 0.70 N; 0.20 P; 
0.40 K; 1.00 Ca; 0.60 Mg and 0.16 S; 
and micronutrients (ppm): 9.4 B; 18.00 
Cu; 95.60 Fe; 133.00 Mn and 105.00 
Zn. The trays were kept in a shelter 
covered with 30% shading screen. At 30 
days after sowing, when the seedlings 
showed four-six definitive leaves, they 
were transplanted into the field.

For soil preparation, tillage system 
was used and seedbeds (pre-formed) 
were prepared manually, up to 0.2 m 
depth. Afterwards, we incorporated 
12 L m-2 of organic compost. The 
compost consisted of plant material 
and cattle manure, with the following 
attributes in relation to contents of 
macronutrients (%): 0.80 N; 0.26 P; 0.41 
K; 0.83 Ca; 0.11 Mg and 0.14 S; and 
micronutrients (ppm): 38.70 B; 48.00 
Cu; 603.00 Fe; 77.00 Mn and 62.00 
Zn. The soil chemical characteristics 
after the compost incorporation (up to 
0.2 m depth) were: pH = 6.7; P = 261.4 
mg dm-3; K+ = 240 mg dm-3; Ca2+ = 9.9 
cmolc dm-3; Mg = 4.2 cmolc dm-3; Al3+ 
= 0.0 cmolc dm-3; H+Al = 0.83 cmolc 
dm-3; V% = 95; and M.O= 4.7 dag kg-1. 

Weeds were controlled by hand 
hoeing at weekly intervals and irrigation 
was performed daily, through micro-
sprinkler irrigation system with flow rate 
of 126 L h-1, in two watering shifts, of 10 
minutes each. No pests and/or diseases 
were verified throughout the crop cycle.

We evaluated the plant physiological 
t r a i t s ,  30  days  a f t e r  seed l ing 
transplanting, using fully expanded 
leaves. The evaluated traits were: 
stomatal conductance (gs - μmol H2O 
m-2 s-1), leaf transpiration rate (E - 
mmol H2O m-2 s-1), net photosynthetic 
rate (A - μmol CO2 m-2 s-1), internal 
carbon dioxide concentration (Ci - 
μmol CO2 mol-1), ratio between internal 

and environmental carbon dioxide 
concentrations (Ci/Ca). Based on A and 
Ci data, instantaneous carboxylation 
efficiency was determined by the ratio 
between A and Ci (A/Ci). An infrared 
gas analyzer (IRGA), model ADC, 
LCi (Analytical Development Co. 
Ltd., Hoddesdon, UK) was used. The 
evaluations were performed from 8 a.m. 
to 11 a.m. using artificial light (1,000 
µmol m-2 s-1) and CO2 concentration 
of 400 ppm in the equipment chamber. 
During the evaluations the room 
temperature ranged from 28 to 32ºC.

Before harvesting, plant height 
was measured using a measuring tape, 
considering the soil surface up to the 
inflorescence insertion (Ferreira et al., 
2015). At 32 days after transplanting, the 
plants were picked up; afterwards, fresh 
mass and shoot area were separated. 
These values were used to calculate the 
productivity (t ha-1). In order to obtain 
shoot dry mass, the material was put in 
a paper bag and then kept in a forced air 
circulation oven, at 65°C, until reaching 
constant weight. To determine the 
masses, we used a scale with accuracy 
to 0.001 decimal places.

For determining the total nitrogen 
content, dried shoot samples were 
ground in a Willey mill, sieved through 
20-mesh sieve and kept in paper bags. 
Sulfuric digestion method was used 
for this analysis, and N content was 
determined by the Kjeldahl method 
(Silva, 2009).

Obtained data were submitted to 
variance analysis; when significant by 
F test (p<0.05), data were submitted to 
regression analysis testing the models 
and respective coefficients by t-student 
test. All analyses were done using 
Sisvar® statistical software (Ferreira, 
2011).

RESULTS AND DISCUSSION

Nitrogen fertilizer affected the traits 
related to gas exchanges of basil plants; 
the fertilization did not affect the internal 
CO2 concentration (Ci), Ci/Ca ratio, 
growth and productivity, though.

Gas exchanges, photosynthesis 
(F igure  1a)  and  ins tan taneous 
carboxylation efficiency (Figure 
1b) showed the maximum rates 
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(23.1 μmol CO2 m-2 s-1 and 0.07) 
at doses of 85.3 and 83.3 kg ha-1 

N, respectively, representing an 
increase of, approximately, 40% for 
photosynthesis and instantaneous 
carboxylation efficiency in relation to 
the values obtained (16.5 μmol CO2 m

-2 
s-1 and 0.05) at the lowest dose tested 
in this experiment (25 kg ha-1 N). On 
the other hand, stomatal conductance 
(Figure 1c) and transpiration (Figure 
1d) increased linearly with an increase 
of soil N availability.

The decrease in photosynthesis 
rate (Figure 1a) using the optimum 
dose (85.3 kg ha-1 N), can be related 
to a possible biochemical limitation 
due to an unbalanced nutrition 
(Marschner, 2012; Taiz et al., 2017). 
Thus, no relationship to stomatal 
restrictions was noticed, as an 
increase in stomatal conductance was 
observed with an increase of N doses 

(Figure 1c), which may have allowed 
a greater CO2 diffusion in the stomatal 
pore cavity. This biochemical limitation 
can be reinforced by the reduction of 
instantaneous carboxylation efficiency 
using the estimated dose of 83.3 kg ha-1 

N (Figure 1b), which shows that this 
concentration is close to the best dose for 
photosynthesis. On the other hand, with a 
low soil-N availability, such as the dose of 
25 kg ha-1, we verified a decrease in leaf 
physiological parameters, showing that 
the plant primary metabolism is limited 
by its low availability in the soil, which 
was also observed by Argyropoulou et al. 
(2015) for sweet basil (Ocimum basilicum) 
plants. These researchers observed lower 
photosynthesis rate, transpiration and 
stomatal conductance for treatments with 
a lower N concentration of the nutrient 
solution.

For plant height, the maximum average 
growth was 79 cm at the dose of 65.7 

kg ha-1 N (Figure 2). The shoot area 
development with N supply, to some 
degree, reflects the increase in the 
plant photosynthesis rate (Figure 1a), 
highlighting the interaction concerning 
the plant metabolism, the energy state 
and its growth (Taiz et al., 2017); 
however, basil plants did not respond to 
N availability at the dose of 65.7 kg ha-1, 
suggesting that the crop development 
is regulated by other factors, besides 
the additional N supply. This result 
corroborates other studies, in which 
basil was little responsive in relation 
to growth considering an increased soil 
N (Sifola & Barbieri, 2006; Acharya et 
al., 2020). Thus, we believe that under 
additional N supply, in vegetative phase, 
basil may direct a small concentration 
of N to shoot elongation, allocating 
the surplus to the formation of other 
organs, especially the leaves (Acharya 
et al., 2020).

Figure 1. Net photosynthesis (A; a), Instant carboxylation efficiency (A/Ci; b), Stomatal conductance (gs; c) and Transpiration (E; d) of 
basil plants in relation to N doses. **significant at 1% by the t test. Fortaleza, UFC, 2015.
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For shoot fresh (Figure 3a) and 
dry (Figure 3b) masses, the authors 
observed that with an increase of soil 
N availability, increases were verified, 
videlicet, maximum of 814.1 g plant-1 
and 111.4 g plant-1 under 86.2 and 
80.2 kg ha-1 N, respectively. These 
variations can be related to functions 
of nitrogen in plant, in processes such 
as photosynthesis, respiration, ionic 
absorption, as well as protein formation 
(Marschner, 2012). Thus, we observed 
that the use of both high or low N 
doses (Figures 1 and 2), in basil crop, 
can impact negatively on physiological 
and productive responses of the plant 
to the nutrient and, consequently, 
decrease the efficiency of the nutrient 
use (Marschner, 2012). Increases of 
shoot dry mass of sweet basil resulted 
from an increase of soil N, reported 
by Matsumoto et al. (2013), being the 
doses adjusted to a quadratic model 

with a peak at 92.2 kg ha-1 N. Ferreira 
et al. (2016) observed variation in the 
accumulation of shoot dry and fresh 
masses, due to N supply, for basil cv. 
Alfavaca basilicão vermelho, and the 
highest contents of the element, in soil, 
resulted in highest accumulations of 
masses in basil, up to doses of 109.4 and 
131.0 kg ha-1 N, respectively. Guerra et 
al. (2020) reported that the dose of 100 
kg ha-1 provided higher accumulation of 
shoot fresh and dry masses of basil in 
the first cut. As observed in this study, 
the cited authors also highlighted that, 
using maximum and optimum doses, 
increasing doses results in a decrease in 
mass accumulation, which can be related 
to excessive application of nitrogen, 
as when the optimal level is exceeded, 
luxury consumption can occur, and, as 
a consequence, toxicity.

Furthermore, the authors highlight 
that in relation to optimal doses 

which had provided higher fresh mass 
accumulation in shoots, mentioned 
in the studies and the results found 
in this study, can be related to the 
genetic potential of each variety and/
or cultivar, which can result in different 
responses concerning the efficient 
use of nitrogen (Blank et al., 2010). 
However, in general, these results show 
reliable evidences that basil is highly 
responsive, up to a certain dose, to 
nitrogen fertilization, considering N, an 
essential nutrient to keep physiological 
and productive responses of the crop 
(Argyropoulou et al., 2015).

The maximum productivity found 
was 4.4 t ha-1 at a dose of 82.5 kg 
ha-1 N (Figure 4). The productivity 
curve behavior obtained in this study 
was also reported by Ferreira et al. 
(2016), showing that an increase of 
N supply in two growing seasons 
affected the productivity of basil 
cv. Alfavaca basilicão vermelho, 
observing increasing responses as soil 
N availability increases, obtaining the 
maximum response at the dose of 110 
kg ha-1.

In short, an increase in productivity 
found in this study, in response to 
increasing doses of N, as well as by 
other authors (Matsumoto et al., 2013; 
Ferreira et al., 2016; Rahimikhoob et al., 
2020), showed relation with functions 
of nitrogen, as in the biosynthesis of 
amino acids and proteins, nitrogenous 
bases and plant membranes (Marschner, 
2012). Thus, in this study, the increases 

Figure 2. Height of basil plants in relation to increasing N doses. *significant at 5% by t 
test. Fortaleza, UFC, 2015.

Figure 3. Shoot fresh mass (a) and shoot dry mass (b) of basil plants in relation to increasing N doses. *significant at 5% by t test. Fortaleza, 
UFC, 2015.
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observed in physiological responses, as 
soil N availability increased (Figure 1), 
allow forming new tissues, providing 
an increase of productivity (Figure 4).

The highest N content in the shoot 
area (26.1 g kg-1) was observed at a 
dose of 125 kg ha-1 N (Figure 5). When 
N is available in the uptake system, 
the plant tends to absorb this nutrient 
at levels higher than its own demand, 
storing it in the vacuole in the form of 
NO3

- (Marschner, 2012); this process 
can explain the relation between the 
highest N content obtained using the 
highest dose of N in this experiment. So, 
we verified that variations in N contents, 
in the shoot area, obtained in this study, 

influenced on growth, gas exchanges 
and productivity of basil and that the 
highest content obtained at a dose of 
125 kg ha-1 N did not result in greater 
responses of these traits, suggesting that 
excessive application of N in the soil 
exceeded the limit considered tolerable 
by the plant, reinforcing the hypothesis 
that other factors are related to possible 
interactions of this nutrient with others 
in the uptake process, as well as an 
increase in the amount of energy input 
for the assimilation and production of 
nitrogenous organic molecules (Saloner 
& Bernstein, 2020), contributing for a 
reduction in basil productivity at high 
levels of soil N (Figure 4).

Given the above, the authors 
highlight the importance of the 
nutritional management of basil 
crop for an increased efficiency of 
production. Thus, N supply provides an 
increase in growth, productivity and gas 
exchange of basil cv. Italiano Genovese, 
considering the highest productivity 
(4.44 t ha-1) noticed at a dose of 82.5 
kg ha-1 N.
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