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ABSTRACT

The water deficit is one of the factors that most limit the productivity of agricultural crops. Salicylic acid
(SA) is a plant hormone that plays an important role in response to environmental stresses, including water
deprivation stress. Basil (Ocimum basilicum L.) is a plant sensitive to water stress and its cultivation can
be strongly affected by prolonged periods of drought. Thus, the objective of our study was to evaluate the
possible attenuating role of AS in response to water stress in two basil cultivars. The experiment was
conducted in a greenhouse of the Federal University of Agreste of Pernambuco (Universidade Federal do
Agreste de Pernambuco). The experimental design was completely randomized, with eight treatments,
being two varieties of basil (purple and green), two forms of application of SA (with and without
application) and two forms of irrigation (irrigated and without irrigation). The concentration of salicylic
acid used was 2mM and its application was exogenous. As for the results, it was observed a reduction of
15.7% of the dry mass of the aerial part of the basil plants when submitted to water deficit in relation to the
irrigated plants. Significant differences were observed in the photosynthetic rate of the two varieties of
basil when exposed to SA. These results suggest that the use of SA at the concentration of 2mM contributed
positively to the growth of basil plants submitted to water stress as well as to irrigated plants.

RESUMO

O déficit hidrico é um dos fatores que mais limitam a produtividade das cultuas agricolas. O 4cido salicilico
(AS) é um hormonio vegetal que possui um importante papel em resposta a estresses ambientais, incluindo
estresse por privacdo hidrica. O manjericdo (Ocimum basilicum L.) é uma planta sensivel ao estresse
hidrico e seu cultivo pode ser fortemente afetado por periodos prolongados de seca. Com isso, o objetivo
do nosso trabalho foi avaliar o possivel papel atenuador do AS em resposta ao estresse hidrico em duas
cultivares de manjericdo. O experimento foi conduzido em casa de vegetagio da Universidade Federal do
Agreste de Pernambuco. O delineamento experimental foi inteiramente casualizado, com oito tratamentos,
sendo duas variedades de manjericio (roxo e verde), duas formas de aplicacdo do AS (com e sem aplicacdo)
e duas formas de irrigacao (irrigado e sem irrigacao). A concentracio de 4cido salicilico usada foi de 2mM
e sua aplicacao foi exdgena. Quanto aos resultados, observou-se uma reducio de 15,7% da massa seca da
parte aérea das plantas de manjericdo quando submetidas a déficit hidrico em relagdo as plantas irrigadas.
Foi observado diferengas significativas na taxa fotossintética das duas variedades de manjericio quando
expostas ao AS. Esses resultados sugerem que o uso de AS na concentracdo de 2mM contribuiu
positivamente para o crescimento das plantas de manjericao submetidas a estresse hidrico quanto para as
plantas irrigadas.
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Introduction

Plants are sessile organisms inserted in highly heterogeneous environments. Therefore,
they are exposed to constant environmental fluctuations throughout their life cycle. Water
deficiency is one of the environmental factors that most limits plant productivity (Brodersen
et al., 2019). In a condition of water deficit, various molecular, biochemical, physiological,
morphological and ecological processes of plants are impaired. Damage caused by water
deficiency, in scenarios of prolonged droughts, is potentially being aggravated by climate
change, so mitigation has been a major challenge for the scientific community (EMBRAPA,
2020). Several strategies have been adopted to induce tolerance to water stress at different
stages of plant growth, among the strategies are the application of exogenous regulators and
synthetic hormones (Seleiman et al., 2021). Growth regulators, because they act in the
processes of regulating plant developments and as signalers, play important roles in responses
to plant tolerance to stresses (Khan et al., 2012).

Salicylic acid (SA) is a phenolic phytohormone that plays an important maintenance
role against biotic and abiotic stresses, mainly by the production of osmolytes and secondary
metabolite compounds (Khan et al., 2015). By influencing the regulation of the antioxidant
defense system, stomatal movements, sweating and consequently the photosynthetic rate, SA
shows itself as a promising hormone to relieve and trigger responses to environmental stresses
(Nazar et al., 2015). Several studies show that the application of SA has a beneficial role against
the damage caused by water stress, especially related to oxidative damage (Chen et al., 2014;
Najafabadi and Ehsanzadeh, 2017; Wang et al., 2019; Sankari et al., 2019; Saheri et al., 2020;
Zafar et al., 2021).

Basil (Ocimum basilicum L.) is an aromatic plant, belonging to the Lamiaceae family,
rich in essential oils, with important medicinal and condimentary properties (Ribeiro et al.,
2007; Pushpangadan and George, 2012). The Brazilian production of basil is practiced mainly
by small producers and is focused on the commercialization of aromatic green leaves (May et
al., 2008). However, in some regions of the Northeast there are productions on larger scales
being destined for the production of the essential oil (Favorito et al., 2011). In the field, multiple
factors can influence basil production, ranging from environmental conditions to the choice of
cultivars or variety (Mulugeta and Radéacsi, 2022). Basil is sensitive to water deficit, so
measures that mitigate damage caused by stress and improve plant tolerance is very useful for
basil production (Damalas, 2019). In this context, the present study aimed to analyze the role

of salicylic acid in the growth of two basil cultivars under water deficit.
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Material and methods

The experiment was conducted in a greenhouse of the Universidade Federal do Agreste
de Pernambuco (Universidade Federal do Agreste de Pernambuco - UFAPE), during the
months of September to November 2019. The place is characterized by 08°53’27“S of latitude,
36°29°48” W of longitude and altitude from 807 m, to 209 km of the state capital (Recife). The
climate in the microregion of Garanhuns is tropical rainy, with dry summer; The rainy season
begins in October and encompasses winter and early spring. The annual averages of
temperature and relative humidity are, respectively, 21.1°C and 82.5%, with annual rainfall of
897 mm, being the wettest four-month period, represented by the months of May to August
(Borges Junior et al., 2012).

The experimental design was completely randomized (DIC), with two varieties of basil,
green basil (MV) and purple basil (MR), two water conditions (irrigated and non-irrigated) and
two forms of application of salicylic acid - SA (with application and without application). Each
experimental unit was composed of two plants per pot. For the two green and purple varieties
the treatments consisted of: Treatment 1 - Plants irrigated with salicylic acid (SA); Treatment
2 - Irrigated plants without SA; Treatment 3 - Non-irrigated plants without SA; Treatment 4 -
Plants not irrigated with SA. The SA concentration used was 2mM (Carvalho et al., 2019).

The soil was collected in the sowing of Garanhuns, and presents the following
characteristics: pH (water 1:25) = 6,5; H+ Al = 1,48 cmol. Kg*; Al = 0,40 cmol.Kg?; Na = 0,47
cmol. Kg?; K = 0,77 cmol. Kg*; Ca = 2,90 cmol. Kg; Mg = 2,60 cmol. Kg*; P = 64,6 mgKg;
base saturation = 82%; field capacity = 0,110 g g (Laboratory of physical chemistry of the IPA-
Recife-PE, UFRPE-UAG, 2014). Each 5 kg plastic pot was filled with air-dried soil. The crop
was being irrigated daily in the morning.

The seeds were planted in pots with a capacity of 5 kg and after 30 days of sowing the
thinning was performed, leaving only two plants per pot. The application of AS was performed
48 days after sowing, being applied via foliar in the abaxial and adaxial part. Two applications
were made with an interval of three days. After the second application of SA, water stress was
initiated via suspension of irrigation. The suspension of watering was five days, where the
experiment was completed and the morphological variables were performed: Plant height
(cm): They were measured, with the aid of a tape, from the neck to the apex of the largest
branch. The evaluation of gas exchange was performed from 9 to 11 a.m., using the IRGA
(infrared gas analyzer IRGA (ADC-BioScientific Ltd. Modelo LCPro SD) in the irrigated plants,
the non-irrigated plants were very withered and made the use of the IRGA impossible. At the
time, the internal carbon concentration was measured (Ci) (umol m=2 s?), stomatal
conductance (gs) (mol of H.O m2 s*), transpiration (E) (mmol of H,O m2 s), rate of net

photosynthesis (A) (umol of CO.m2s?), instant efficiency in water use (EiUA — A/E) calculated
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by relating it to liquid photosynthesis and perspiration [(umol m=s*) / (mmol de H.O m=2 s
1] and the instantaneous efficiency of carboxylation (EiC — A/Ci) [(umol m=2s) / (umol m=2 s
1] from the relationship between liquid photosynthesis and the internal concentration of
carbon. The estimate of chlorophyll content was evaluated by means of SPAD index values,
which were obtained by means of the portable chlorophyll meter, model (ClorofiLOG, Falker
Agricultural Automation, Brazil). The dry mass of the plant was carried out in a forced air
circulation oven at 70°C up to constant weight. Then, the material was weighed, obtaining the
weight of the dry mass of the shoot and root.

The data were statistically analyzed from the analysis of variance (ANOVA), by means
of ASSISTAT and the comparison of means was made by the LSD test (Level Significative
Difference) 5% probability. Person correlation analysis, principal component analysis (PCA)

and cluster analysis were performed using the software R.

Results and discussion

Regarding the biometric parameters, it was observed that the height of the irrigated
plants of the green cultivar is higher compared to the purple cultivar (Figure 1A). The
application of SA resulted in an increase in relation to the height of the plants of the purple
cultivar. After the application of the SA, no further statistical differences were observed
between the cultivars (Figure 1A). Silva (2018), observed that basil plants of the green cultivar
under water deficit showed a reduction of 14% of height when compared to irrigated plants. In
the same work, it was observed that the application of imM of SA favored the growth in height
of non-irrigated plants, indicating a potential attenuating effect of SA in relation to the height
of basil plants of the green variety. Hussein et al. (2007) observed similar results, in which the
exogenous application of imM of SA resulted in an increase in plant height, stem diameter and
leaf area in corn plants. The irrigated basil plants of the purple cultivar present a late flowering
compared to that of the green cultivar in the same condition (Figure 1B). However, when
submitted to exogenous application of SA, the irrigated basil plants of the purple cultivar
showed a flowering rate equal to the irrigated plants of the green cultivar. Interestingly, the

plants of the green cultivar showed a 40% reduction in the flowering rate (Figure 1B).
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Figure 1.

Evaluation of biometric parameters in green and purple basil cultivars under control
conditions and under water deficit with and without exogenous application of SA. (A) Height
of plants, (B) Percentage of flowering, (C) Dry mass of the area part, (D) Dry mass of the root.:
Not irrigated and without application of SA; and NI+SA: Not irrigated and with application of
SA. Averages followed by the same uppercase letter in the row and lowercase letter in the
column do not differ from each other by the F test (p<0,05). *NF: It did not bloom; no plants
of this treatment had bloomed until the day of the evaluation. Source: The authors (2023).
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The water deficit significantly reduced the dry mass of the shoot of the basil plants
of the purple cultivar, regardless of the application of SA (Figure 1C). An increase in the dry
mass of the roots was observed in both cultivars with the exogenous application of SA, both
in the irrigated treatment and in the treatment of water deficit (Figure 1D). In general, the
results indicate that basil plants under water deficit have a higher allocation of photo
assimilates to the roots, favoring an increase in root growth of 36.62%. With water
deficiency, the plant develops mechanisms to try to minimize these effects, one of them being
the increase of the root system, favoring the capture of water in deeper layers of the soil
(Pereira et al., 2009). Together, it was observed that in relation to growth, green basil variety
was the least affected by the water limitation regime and maintained growth, while purple
basil was the most affected by water deficit (Figure 2). These evidences indicate that SA was

not as effective in attenuating the effect of water deficit in purple basil plants.
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Figure 2.

Illustration of the effect of SA application on plant growth of green and purple basil cultivars
under water deficit. Source: The authors (2023).
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There was an increase in chlorophyll content in basil plants of both cultivars when
submitted to water deficit and exogenous application of SA (Figure 3). The purple basil
presented higher total chlorophyll content, differing statistically from the green variety (Figure
3C). Similar results were observed by Kordi et al. (2013), where they report that the application
of SA in basil plants submitted to water deficit significantly increased photosynthetic pigments
compared to the control. The results observed by Carvalho et al. (2020), show that there was
an 18% reduction in the chlorophyll content of basil plants submitted to water deficit with SA,
when compared to non-irrigated plants without SA. The chlorophyll content in the leaves
depends primarily on the genetic load, as it varies according to the species, and genotypes

within the species (Marenco et al., 2014)
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Figure 3.

Impact of exogenous application of SA on the chlorophyll index in two basil cultivars under
control conditions and under water deficit. (A) Chlorophyll a, (B) Chlorophyll B and (C) Total
chlorophyll. IR: Irrigated; IR+SA: Irrigated and with exogenous application of SA; NI-SA: Not
irrigated and without application of SA; and NI+SA: Not irrigated and with application of SA.
Averages followed by the same uppercase letter in the row and lowercase letter in the column
do not differ from each other by the F-test (p<0,05). Source: The authors (2023).
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Salicylic acid (SA) plays a very important role in the gas exchange of irrigated basil
plants. The results showed significant differences between the genotypes, with no significant
differences between the interactions (Table 1). There was a significant effect (0,01 =< p < 0,05)
in the photosynthesis rate of the two varieties of basil when submitted to exposure to SA and
compared with the control, where salicylic acid acted by increasing the photosynthetic activity
of both (Table 1). The SA promoted a higher rate of photosynthesis for purple basil, also
presenting a higher efficiency in water use. SA is used for regulation of several physiological

mechanisms, among them is photosynthesis, growth and flowering (Hayat et al., 2010).
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Table 1.

Stomatal conductance (gs), liquid photosynthesis (A), transpiration (E), internal carbon (Ci),
instantaneous water use efficiency (USA) and intrinsic water use efficiency (EiUA) of two basil
varieties (Purple and Green) submitted to salicylic acid application in irrigated plants.

gs A
Variety Salicylic acid Salicylic acid
0 2 Average 0] 2 Average
Purple 0,044 aA 0,050 aA 0,047 6,34 6,97 6,66 a
Green 0,046 aA 0,034 bB 0,04 3,84 3,72 3,78 b
Average 0,045 0,042 5,09 A 5,34 A
E Ci
Variety Salicylic acid Salicylic acid
0 2 Average 0] 2 Average
Purple 1,66 aB 1,80 aA 1,73 228 bA 230 bA 229
Green 1,36 bA 1,26 bA 1,31 299 aA 255 aB 277
Average 1,51 1,53 263 243
EUA EiUA
Variety Salicylic acid Salicylic acid
0 2 Average 0] 2 Average
Purple 3,82 3,88 3,85a 145 142 143 a
Green 2,86 2,06 2,01b 86 118 102b
Average 3,34 A 3,42 A 115 A 130 A
Averages followed by the same uppercase letter in the row and lowercase letter in the column do not differ from each other

by the F test (p<o0,05). Source: The authors (2023).

Figures 4 A and B illustrates the correlations of growth variables, chlorophyll indices
and gas exchange. It was observed that dimension 1 was responsible for explaining most of the

results, where, through cluster analysis, it was observed that only water stress was responsible
for the grouping of treatments.
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Figure 4.

Analysis of canonical variables and confidence ellipses of growth, chlorophyll indices and gas
exchange of two varieties of basil (Purple and Green) submitted to the application of salicylic
acid (A). Pearson's correlation for growth variables, chlorophyll indices and gas exchange of
two varieties of basil (Purple and Green) submitted to the application of salicylic acid (B) in
irrigated plants and under water deficit. Source: The authors (2023).
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Conclusions

In irrigated plants, salicylic acid contributed to the growth in height of green basil and
significantly increased the photosynthetic rate of green and purple basil varieties. Regarding
the plants submitted to water deficit, the SA favored the growth of the roots of the green and
purple basil plants and contributed to the increase of the total chlorophyll content for the green
and purple basil plants. Therefore, SA provides a beneficial effect in relation to increases in
photosynthesis and plant height, as well as the increase in dry mass of roots is an indication of

its mitigating role to water stress.

REFERENCES

ABBASI, T.; ABBASI, S.A. Biomass energy and the environmental impacts associated with its
production and utilization. Renew. Sustain. Energy Rev. 2010, 14, 919—937.
Disponivel em: https://doi.org/10.1016/j.rser.2009.11.006

BRODERSEN, C.R.; RODDY, A.B.; WASON, J.W.; MCELRONE, A.J. Functional status of
xylem through time.Annu. Rev. Plant Biol.2019. Disponivel em:
https://doi.org/10.1146/annurev-arplant-050718-100455

2719


https://doi.org/10.1016/j.rser.2009.11.006

CARVALHO, Josabete Salgueiro Bezerra de @; SILVA, Micaelle Soares da ®; MONTEIRO-BATISTA, Rita de Cassia ®; SILVA, Toshik Larley da @; ALVES, Leonardo
Zacarias 6);

BORGES JfINIOR, J.C.F.; ANJOS, R. T.; SILVA, T. J. A.; LIMA, J. R. S.; ANDRADE, C. L. T.
Métodos de estimativa da evapotranspiracao de referéncia diaria para a microrregiao
de Garanhuns, PE. Revista Brasileira Engenharia Agricola, v. 16, n. 4, p. 380-
390, 2012. Disponivel em: https://doi.org/10.1590/S1415-43662012000400008

CARVALHO, J.S. B.; SILVA, J. P.R.; BATISTA, R. C. M. Uso de acido salicilico como atenuador
aos efeitos do déficit hidrico em plantas de manjericao. Diversitas Journal, v.5, n.3,
p.1561-1574, 2020. Disponivel em: https://doi.org/10.17648/diversitas-journal-v5i3-
888

CHEN, Z.L.; LI, X.M.; ZHANG, L.H. Effect of salicylic acid pretreatment on drought stress
response of zoysiagrass (Zoysia japonica). Russ. J. Plant Physiol. 2014. Disponivel
em: https://link.springer.com/journal/11183

DAMALAS, C. A. Improving Drought Tolerance in Sweet Basil (Ocimum Basilicum) with
Salicylic Acid. Scientia Horticulturae. 2019. Disponivel em:
https://doi.org/10.1016/j.scienta.2018.11.005

EMBRAPA. Estresse bidtico e abiotico de plantas. Disponivel em: <http:
www.embrapa.br/conteudoweb//asset_publisher/fHv2QS3tL8Qs/content/estressebi
otico-e-abiotico-de-plantas/1355163>. Ultimo acesso em: 25 out 2020.

FAVORITO, P. A; ECHER, M.M.2; OFFEMANN, L.C.1; SCHLINDWEIN, M.D.1;
COLOMBARE, L.F.1; SCHINEIDER, R.P.1; HACHMANN, T.L. Caracteristicas
produtivas do manjericao (Ocimum basilicum L.) em funcdo do espacamento entre
plantas e entre linhas. Revista brasileira de plantas medicinais, vol.13. Botucatu,
2011. Disponivel em: https://doi.org/10.1590/S1516-05722011000500013

HAYAT, Q.; HAYAT, S. et. al.; Salicylic acid mediated changes in growth, photosynthesis,
nitrogen metabolism and antioxidant defense systemin Cicer arietinum L. Plant,
Soil Environment. v. 58, n. 9, p. 417-423, 2010. Disponivel em: https
://doi.org/10.17221/232/2012-PSE

HUSSEIN, M. M.; BALBAA, L. K.; GABALLAH, M. S. Salicylic acid and salinity effects on
growth of maize plants. Research Journal of Agriculture and Biological
Sciences, v.3, n.4, p. 321-328, 2007.

KHAN, M. L. R.; FATMA, M.; PER, T. S.; ANJUM, N. A.; KHAN, N. A. Salicylic acid-induced
abiotic stress tolerance and underlying mechanisms in plants. Frontiers in Plant
Science, v.6, p.1-17, 2015. Disponivel em: https://doi.org/10.3389/{pls.2015.00462

KORDI, S.; SAIDI, M.; GHANBARI, F. Induction of drought tolerance in sweet basil (Ocimum
basilicum L.) by salicylic acid. International Journal of Agricultural and Food
Research, Vol. 2 No. 2, p. 18-26, 2013. Disponivel em http://dx.doi.org/10.24102/
ijjafr.v2i2.149

MARENCO, R. A.; NASCIMENTO, H. C. S.; MAGALHAES, N. S.; Stomatal conductance in
Amazonian tree saplings in response to variations in the physical environment.
Photosynthetica 52:493-500, 2014. Disponivel em:
https://doi.org/10.1007/s11099-014-0056-3

2720


http://dx.doi.org/10.24102/

DIVERSITAS JOURNAL. Santana do Ipanema/AL, 8(4), 2023

MAY, A.; TANAKA, M.A.S.; SILVA, E.H.F.M.; PINHEIRO, M.Q. Ocorréncia de cercosporiose
em Ocimum basilicum L. Centro de horticultura Plantas Aromaticas e
Medicinais. 2008. Disponivel em: <http://www.iac.sp.gov.br/Tecnologias/
Aromaticas.htm>. Ultimo acesso em: 11 mar. 2021.

MULUGETA, SINTAYEHU MUSIE, AND PETER RADACSI. Influence of Drought Stress on
Growth and Essential Oil Yield of Ocimum Species. Horticulturae 8.2 .2022.
Disponivel em: https://doi.org/10.3390/horticulturae8020175

NAJAFABADI M.Y., EHSANZADEH P. Photosynthetic and antioxidative upregulation in
drought-stressed sesame (Sesamum indicum L.) subjected to foliar-applied salicylic
acid. Photosynthetica. 2017. Disponivel em: DOI: 10.1007/511099-017-0673-8

NAZAR R., UMAR S., KHAN N.A., SAREER O. Salicylic acid supplementation improves
photosynthesis and growth in mustard through changes in proline accumulation and
ethylene formation under drought stress. South Afr. J. Bot. 2015. Disponivel em:
https://doi.org/10.1016/j.sajb.2015.02.005

PEREIRA, F.J.; DE CASTRO, E.M.; DE SOUZA, T.C, MAGALHAES, P.C. Evolucao da
anatomia radicular do milho ‘Saracura’ em ciclos de selecao sucessivos. Pesquisa
Agropecuaria Brasileira, v43, n,12, 0.649-1656, 2009. Disponivel em:
https://doi.org/10.1590/S0100-204X2008001200002

PINHEIRO, C.; CHAVES, M. M. Photosynthesis and drought: can we make metabolic
connections from available data? Journal of Experimental Botany, v. 62, p. 869N
— 882, 2011. Disponivel em: https://doi.org/10.1093/jxb/erq340

PACHECO, A. C.; CUSTODIO, C. C.; MACHADO NETO, N. B.; CARVALHO, P. R.; PEREIRA,
D. N.; PACHECO, J. G. E. Germinacao de sementes de camomila [ Chamomilla recutita
(L.) Rauschert] e caléndula (Calendula officinalis L.) tratadas com &cido salicilico.
Revista brasileira de plantas medicinais, Botucatu, v. 9, n. 1, p.61-67, mar. 2007.
Disponivel em: https://wwwi1.ibb.unesp.br/Home/Departamentos/Botanica/RBPM-
RevistaBrasileiradePlantasMedicinais/artigo9_vg_n1.pdf

RIBEIRO M. F.; DONINI L. P.; SOUZA, J. A.; GUISSO A. P.; MOURAI F.; BOBROWSKI V.
L.; VIEGAS J. Influéncia de Diferentes Concentracgoes de Sais de MS e Actcares 29 no
cultivo in vitro de Manjericdo (Ocimum basilicum L.). Revista Brasileira de
Biociéncias, Porto Alegre, v. 5, p. 57-59, 2007. Disponivel em:
http://www.ufrgs.br/seerbio/ojs/index.php/rbb/article/view/97

SAHERI, F.; BARZIN, G.; PISHKAR, L.; AKBAR-BOOJAR, M.M.; BABAEEKHOU, L. Foliar
spray of salicylic acid induces physiological and biochemical changes in purslane
(Portulaca oleracea L.) under drought stress. Biologia. 2020. Disponivel em:
https://doi.org/10.2478/s11756-020-00571-2

SANKARI M., HRIDYA H., SNEHA P., DOSS C.G.P., CHRISTOPHER J.G., MATHEW J.,
ZAYED H., RAMAMOORTHY S. Implication of salt stress induces changes in pigment
production, antioxidant enzyme activity, and qRT-PCR expression of genes involved in

2721


http://www.iac.sp.gov.br/Tecnologias/%20Aromaticas.htm
http://www.iac.sp.gov.br/Tecnologias/%20Aromaticas.htm
https://doi.org/10.3390/horticulturae8020175
https://doi.org/10.2478/s11756-020-00571-2

CARVALHO, Josabete Salgueiro Bezerra de @; SILVA, Micaelle Soares da ®; MONTEIRO-BATISTA, Rita de Cassia ®; SILVA, Toshik Larley da @; ALVES, Leonardo
Zacarias ;

the biosynthetic pathway of Bixa orellana L. Funct. Integr. Genom. 2019.
Disponivel em: doi: 10.1007/510142-019-00654-7

SHI, Q.; BAO, Z.; ZHU, Z.; YING, Q.; QIAN, Q. Effects of different treatments of salicylic acid
on heat tolerance, chlorophyll fluorescence, and antioxidant enzyme activity in
seedlings of Cucumis sativa L. Journal of Plant Physiology, v. 52, n. 2, p. 793-800,
2005. Disponivel em: https://doi.org/10.1007/s10725-005-5482-6

SILVA, V. M. da. O efeito do acido salicilico em plantas de manjericao (Ocimum basilicum L.)
sob estresse hidrico. 2018. Trabalho de Conclusdo de Curso (Bacharelado em

Agronomia) — Unidade Académica de Garanhuns, Universidade Federal Rural de
Pernambuco, Garanhuns, 2018.

TAIZ, L.; ZEIGER, E.; MOLLER, 1. M.; MURPHY, A. Fisiologia do desenvolvimento vegetal.
6.ed. Porto Alegre: Artmed, 2017. 918p.

WANG Y.Y.,, WANGY., LI G.Z., HAO L. Salicylic acid-altering Arabidopsis plant response to
cadmium exposure: underlying mechanisms affecting antioxidation and
photosynthesis-related processes. Ecotoxicol. Environ. Saf. 2019. Disponivel em:
https://doi.org/10.1016/j.ecoenv.2018.11.062

ZAFAR, Z.; RASHEED, F.; ATIF, R.M.; JAVED, M.A.; MAQSOOD, M.; GAILING, O. Foliar
application of salicylic acid improves water stress tolerance in Conocarpus erectus L.
and Populus deltoides L. saplings: Evidence from morphological, physiological, and
biochemical changes. Plants. 2021. Disponivel em: https://www.mdpi.com/2223-
7747/10/6/1242#

2722



