
Rev. Bras. Cienc. Agrar., Recife, v.16, n.3, e8374, 2021 1/7

Revista Brasileira de Ciências Agrárias
ISSN (on line) 1981-0997
v.16, n.3, e8374, 2021
Recife, PE, UFRPE. www.agraria.pro.br
DOI:10.5039/agraria.v16i3a8374
Protocol 8374 - 19/03/2020 • Approved in 16/02/2021

Effect of salicylic acid in two stages of application on wheat crop
Roque Carvalho Dias1* , Christiane Augusta Diniz Melo2 , Leandro Tropaldi3 ,
Paulo Vinicius Silva4 , Daniel Valadão Silva5 , Marcelo Rodrigues Reis6

1 Universidade Estadual Paulista, Botucatu, SP, Brasil. E-mail: roquediasagro@gmail.com
2 Universidade Federal do Triângulo Mineiro, Iturama, MG, Brasil. E-mail: christiane.melo@uftm.edu.br
3 Universidade Estadual Paulista, Dracena, SP, Brasil. E-mail:l.tropaldi@unesp.br
4 Universidade Federal da Grande Dourados, Dourados, MS, Brasil. E-mail: paulovsilva@ufgd.edu.br
5 Universidade Federal Rural do Semi-Árido, Mossoró, RN, Brasil. E-mail: danielvaladaos@yahoo.com.br
6 Universidade Federal de Viçosa, Rio Paranaíba, MG, Brasil.  E-mail: reisagro@gmail.com

AGRONOMY (AGRONOMIA)

ABSTRACT: Salicylic acid (SA) is a plant growth regulator and participates in several physiological and biochemical processes. 
Its use can assist in the growth, development, productivity and quality of several crops. Thus, the objective of this work was to 
evaluate the effect of salicylic acid in two application stages on wheat crop. The experiment was conducted under field conditions 
and designed as randomized blocks, with four replications. Treatments 0.5 and 1.0 mM of SA were applied in stages 1 and 10, 
beginning and end of vegetative growth of wheat plants, besides a control treatment (without SA). Phytointoxication and SPAD 
index evaluations were performed at 14, 21, 28, and 35 days after application (DAA) of SA and the end of the experiment, 109 
DAA the plants were tracked to quantify the mass of a thousand grains, hectoliter weight and grain yield. The application of SA did 
not cause symptoms of phytointoxication and increased the values of the SPAD index and all components of grain yield compared 
to the control treatment (without SA). The application of SA promoted a greater increase in the variables analyzed when applied 
in stage 10 of wheat plants.
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Efeito da aplicação de ácido salicílico em diferentes estádios da cultura do trigo

RESUMO: O ácido salicílico (AS) é um regulador de crescimento de plantas e participa de diversos processos fisiológicos e 
bioquímicos. Seu uso pode auxiliar no crescimento, desenvolvimento, rendimento de grãos e qualidade de diversas culturas. 
Assim, o objetivo desse trabalho foi avaliar o efeito do ácido salicílico em dois estádios de aplicação na cultura do trigo. O 
experimento foi realizado em campo no delineamento em blocos casualizados com quatro repetições. Os tratamentos 0,5 e 
1,0 mM de AS foram aplicados no estádio 1 e 10,  início e final do crescimento vegetativo, respectivamente, das plantas de 
trigo, além de um tratamento controle (sem AS). Foram realizadas avaliações de fitointoxicação e índice SPAD aos 14, 21, 28 
e 35 dias após a aplicação (DAA) do AS e ao final do experimento, 109 dias após a semeadura as plantas foram trilhadas para 
quantificação da massa de mil grãos, peso do hectolitro e rendimento de grãos. A aplicação de AS não provocou sintomas de 
fitointoxicação e aumentou os valores do índice SPAD e todos os componentes do rendimento de grãos em comparação ao 
tratamento controle (sem AS). A aplicação de AS promoveu maior incremento nas variáveis analisadas quando aplicada no 
estádio 10 das plantas de trigo. 

Palavras-chave: rendimento de grãos; regulador de crescimento; Poaceae; Triticum aestivum L.
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Introduction
Wheat (Triticum aestivum L.) stands out as a winter crop 

with great economic relevance, given its high adaptability to 
different environmental conditions, high productive capacity 
and the nutritional quality of the grains (Marini et al., 2011). 
In Brazil, in 2020, the estimated cultivation area was 2,390 
thousand hectares with an estimated production of 6.4 million 
tons (Conab, 2020). Although genetic improvement is an 
important tool within the agricultural research system, there 
is an increasing search for other tools that aim to increase 
the grain yield of crops with the least possible environmental 
impact. In this sense, the use of plant regulators is a practice 
that aims to improve the grain yield and nutritional quality of 
crops. These compounds can promote rooting, flowering and 
fruit growth, leaf and fruit abscission, senescence, regulation 
of some metabolic processes, and plant resistance to biotic 
and abiotic stresses (Taiz et al., 2017). 

Salicylic acid (SA) is a signaling compound and signal 
amplifier of phenolic origin, which is related to several 
regulatory functions in plant metabolism (Mazzuchell et al., 
2014). Exogenous application of SA, at low concentrations, 
enhances pathogen control response and induction of disease 
resistance (Rivas-San Vicente & Plasencia, 2011), plays an 
important role on germination, regulation of plant growth 
and development (Sharafizad et al., 2013), fruit production, 
water and nutrient uptake and transport (Hayat et al., 2010b), 
photosynthetic rate, stomatal conductance and transpiration 
(Hayat et al, 2010a), acts as an important non-enzymatic 
antioxidant agent, activating the response and defense 
mechanisms to environmental stresses (Hayat et al., 2010a; 
Kang et al., 2014), herbicide intoxication (Dias et al., 2017), as 
well as increasing the biomass of the aerial part (Villanueva-
Couoh et al., 2009), plant roots (Martín-Mex et al., 2013) and 
grain yield (Martín-Mex et al., 2012) of treated plants.

In Poaceae species Khodary (2004), found that applications 
of 10 mM SA in maize accelerated Rubisco enzyme activity, 
increasing photosynthetic activity and growth components 
such as height, fresh and dry root and aboveground biomass. 
Concentrations of 0.01, 0.1, and 1 μM of SA increased the 
growth and root development of maize plants (Tucuch-Haas 
et al., 2016). In field studies by Tucuch-Haas et al. (2017), 
applications of 0.1 and 1.0 µM to corn seedlings promoted 
increments in grain yield and nitrogen, P2O5, and K2O contents. 

In wheat, Hayat et al. (2005) observed that seeds soaked 
in 10 μM of SA stimulated nitrate reductase activity, increasing 
the fresh and dry biomass of the plants. Similarly, for the 0.5 
mM concentration (El Tayeb & Ahmed, 2010) found higher 
sugar, protein and dry biomass content of wheat plants. 
Shakirova (2007), observed higher germination rate and better 
growth of wheat seedlings when treated with SA. Already in 
foliar applications of 1 μM of SA over the canopy of wheat 
seedlings increased root fresh biomass, plant height, and total 
fresh biomass (Tucuch Haas et al., 2015).

In the literature, SA has been reported to be responsible for 
the increase in grain yield of tomato (Solanum lycopersicum 

L.) (Larqué-Saavedra et al., 2010), pepper (Capsicum annuum 
L.) (Sánchez-Chávez et al., 2011), papaya (Carica papaya L.) 
(Martín-Mex et al., 2012) pepper (Capsicum chinense Jacq.) 
and cucumber (Cucumis sativus L.) (Martín-Mex et al., 2013). 
Thus, the involvement of SA in physiological and biochemical 
processes in plants, especially in Poaceae species Tucuch-Haas 
et al. (2017), suggest that this compound may induce higher 
grain yield in wheat crop. In addition, it is necessary to identify 
the most appropriate time to apply SA to the wheat crop.

Given the importance of the wheat crop in human nutrition 
and the action and importance of SA on plant growth and 
development, the objective of this work was to evaluate the 
effect on grain yield and grain yield components of salicylic 
acid application at two developmental stages of the wheat 
crop.

Materials and Methods
The experiment was conducted in the experimental area of 

COOPADAP (Cooperativa Agropecuária do Alto Paranaíba), in 
Rio Paranaíba, MG, Brazil, under an irrigated system, latitude 
19° 12’ 21” S, longitude 46° 10’ 05” W and altitude 1,140 m. 
The climate is of type Aw, tropical with a dry season according 
to Köppen international classification. Weekly data on rainfall 
(mm) and minimum and maximum air temperature (°C) was 
collected from an automatic weather station present in the 
area during the entire period of the experiment (Figure 1). 
The soil is classified as Red-Yellow Latosol, with a very clayey 
texture (Embrapa, 2013).

A randomized block design with four repetitions was used. 
The dimensions of each experimental plot were 2.0 × 12.0 m, 
with a usable area of four meters in the center, leaving aside 
0.5 m on the sides and four meters on each end, totaling 4 m². 
Treatments were applied according to the modified Feekes & 

Source: Elaborated by the authors.

Figure 1. Weekly rainfall (mm), minimum and maximum 
temperatures (°C) daily from May 29 - sowing, to September 
15, 2015 - wheat harvest. Rio Paranaíba, MG, Brazil.
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Large scale (Large, 1954) at stage 1 (emergence of coleoptile 
and first leaves): 0.5 and 1.0 mM SA, at stage 10 (sprouting): 
0.5 and 1.0 mM and control (no SA), totaling five treatments. 
According to Rodrigues & Teixeira (2010) the vegetative stage 
represents the periods from germination to the double-ring 
stage (floral initiation), used to mark the end of the vegetative 
phase. 

For the application of the treatments a CO2 pressurized 
sprayer was used at 2 bar pressure, equipped with a boom 
with 110.02 (“fan” type) flat spray tips (0.5 m between tips), 
with a spray volume equivalent to 200 L ha-1. The treatments 
were applied in stage 1 and 10, respectively, with ambient 
humidity of 58.50 and 63.70%, atmospheric air temperature 
of 19.95 and 22.23 °C, and wind speed of 3.50 and 2.53 km h-1.

The cultivar TBIO Sintonia was sown in the field on May 
29, 2015 at a density of 330 plants m-2 with the help of a 9 
m standard profile rotary distributor and the incorporation of 
seeds into the soil was done with a “correntão”. Broad sowing 
and high seed density was used in order to minimize weed 
incidence in the area, so any changes in the wheat plants 
were not influenced by possible interspecific competition. 
Because this is an area cultivated with wheat after the 
potato crop (Solanum tuberosum L.), and therefore with high 
nutrient contents, no fertilization was used at seeding. For top 
dressing, 250 kg ha-1 of N-P2O5-K2O (23-00-18) was used. A 
growth regulator application (Moddus® - 0.5 L ha-1) was made 
when the wheat plants presented the first visible node. 

Pest and disease management for irrigated wheat crop 
was performed according to Kuhnem et al. (2020) and water 
management via central pivot was performed according to the 
crop water demand for the Alto Paranaíba region, MG, Brazil.

The SPAD (Soil Plant Analysis Development) index and 
phytotoxication assessments were performed at 14, 21, 28, 
and 35 days after SA application. To measure the SPAD index 
we used a portable chlorophyllometer (CFL1030) and the 
evaluations of the visual symptoms of intoxication of the 
wheat plants were based on a scale, in which 0% indicated the 
absence of damage and 100% represented the death of the 
plants, according to the methodology proposed by the SBCPD 
(1995). 

The mechanized harvest was performed with a plot 
harvester 109 days after sowing, collecting the useful area of 
each plot, with yield correction to 13% humidity. The plants 
were subjected to tracing and the mass of one thousand 
grains was quantified, as well as the hectoliter weight (HW) 
determined through the mass of grains in 250 mL, expressed 
in kg hL-1, using a specific scale, and the grain yield, with the 
results being transformed into t ha-1.

The data were submitted to the analysis of variance by F 
test and the averages were compared by Tukey test (p < 0.05). 

Results and Discussion
No phytoxication symptoms caused by salicylic acid (SA) 

application were observed at both stages of wheat plants (data 
not shown). When evaluating SA application as an attenuator 

of herbicide phytotoxication in soybean (Dias et al., 2019) and 
wheat (Dias et al., 2017), these authors found no symptoms 
in SA treated plants, demonstrating the feasibility for its use. 

The application of SA positively influenced the values 
of the SPAD index, and regardless of the stage and periods 
evaluated, the values were higher than the control treatment 
(no SA) (Figure 1). At 14 days after application (DAA) both at 
stage 1 and 10 in the highest dose of SA (1.0 mM), higher 
values were noted for this index in comparison to the other 
treatments. For this same dose, the values for the SPAD index 
were higher at the end of the vegetative stage. 

The chlorophyll meter quantitatively assesses the leaf’s 
green intensity by measuring light transmissions at 650 
nm (the length where light absorption by the chlorophyll 
molecule occurs) and at 940 nm (where no absorption 
occurs). With these two values, the equipment processes a 
number, i.e. the SPAD index, which is usually correlated with 
the leaf’s chlorophyll concentration (Klooster et al., 2012) and 
consequently can impact the crop’s photosynthetic rate and 
grain yield. 

In wheat plants subjected to application of 0.25 and 2.5 
mM SA there was an increase in chlorophyll content (Chen 
et al., 2016). SA plays an important role in regulating plant 
growth and development, yet the biochemical processes 
surrounding most of these responses remain unknown (Rivas-
San Vicent & Plasencia, 2011). Among the physiological and 
biochemical transformations in plants in response to SA 
application, increases in chlorophyll levels are cited (Kalaki et 
al., 2014). According to Fioreze & Rodrigues (2012) there is 
a positive correlation between plant regulators and the SPAD 
index. In flowers of carnation (Dianthus caryophyllus L. cv. 
White.) (Kazemi et al., 2012), strawberry (Fragaria x ananassa 
Duch. cv. Festival) (Youssef et al., 2017) and tomato (Solanum 
lycopersicum L.) (Hayat et al., 2008) foliar application of SA 

Figure 2. SPAD index in wheat leaves evaluated at 14, 21, 28, 
and 35 days after the application of treatments. 

Averages followed by the same letter, for each moment of evaluation, do not differ by 
the Tukey test at 5% probability significance level. Vertical bars represent standard error 
of the average (n = 4).
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increased the SPAD index for example, thus demonstrating 
direct effect of SA application and for this parameter. 

When analyzing the hectoliter weight (HW), mass of 1,000 
grains (g) and grain yield, it was found that the responses 
were positive for the application of SA, and it was higher when 
applied at the end of the vegetative cycle, regardless of the 
dose (Figure 3). It is worth noting that both the HW, used in 
marketing and the mass of 1,000 grains are associated with 
grain characteristics such as shape, tegument texture, size, 
and weight, thus being tools that can be important in the 
evaluation of exogenous compounds applied and their effects 
on wheat crop. 

SA application promoted increases in nutraceutical quality 
for example of tomato (Vázquez Diaz et al., 2016) and orange 
such as sugars and organic acids for example (Ahmad et al., 
2013). Chen et al. (2016) indicated that the increase in grain 
quality can be attributed to the increased photosynthetic 
activity provided by SA application and a greater availability 
of photoassimilate translocation to the commercial part 
of interest, which explains this positive effect on HW and 
thousand-grain mass in wheat. This data is in agreement with 
that found by Tejeda et al. (1998), who found increased HW 
values and grain yield at doses of 10-4, 10-5, and 10-6 M of SA 
in wheat plants. According to these authors, these variables 
directly indicate the influence on grain yield and this can be 
attributed to a favorable response of salicylates. 

The increase in grain yield and the components already 
presented is due to the application of SA, since in plants, 
in addition to being related to the structure and levels of 
chlorophyll, it also helps the activity of enzymes such as 
Rubisco, carbonic anhydrase (CA) and nitrate reductase 
(NR) (Rivas-San Vicente & Plasencia, 2011), and positively 
influences the transport of electrons in photosystem II (Janda 
et al., 2012), which are directly related to photosynthesis, this 
explains the increase in quality and yield components. Hayat 
et al. (2005) found increased CA and NR contents in wheat 
plants subjected to SA application. Photosynthetic activity is 
an important physiological process in plants and is directly 
related to grain yield. Sánchez-Chávez et al. (2011), found up 
to 59% increase in photosynthesis in pepper plants treated 
with 0.1 mM SA. Wheat plants subjected to water stress after 
salicylic acid application had increased grain yield (Sharafizad 
et al., 2012; Sharma et al. 2017). 

Additionally, the increase in sugar and protein content is 
stimulated by SA application (El Tayeb & Ahmed, 2010) and 
similarly accelerates apical meristem cell division and root cell 
length (Shakirova et al., 2003), which directly stimulates the 
growth of SA treated plants. Tucuch-Haas et al. (2015) found 
positive response to growth and development components of 
wheat plant subjected to SA application. Similar results were 
reported by Zamaninejad et al. (2013) who found increased 
corn grain yield subjected to foliar application of SA. 

It is worth discounting that the effect of SA on 
photosynthesis may also be related to its antioxidant effect. 
SA modulates the activity of antioxidant enzymes, which 
may act in the degradation of free radicals generated during 

Figure 3. Hectoliter weight (HW) (kg hL-1) - A, mass of 1,000 
grains (g) - B and grain yield (t ha-1) - C as a function of 
treatment application.

Averages followed by the same letter do not differ by Tukey’s test at 5% probability 
significance level. Vertical bars represent standard error of the average (n = 4).
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photosynthetic activity. Plants that have high concentrations 
of SA increase glutathione levels and reduce stress levels 
(Mateo et al., 2006). Chen et al. (2016) demonstrated that 
the use of SA in wheat plants protected the photosynthetic 
apparatus by antioxidant capacity and verified the increase in 
antioxidant enzymes peroxidase (POD), superoxide dismutase 
(SOD), catalase (CAT), glutathione peroxidase (GPX), ascorbate 
peroxidase (APX) and glutathione reductase (GR).

Another important factor is that foliar application of SA 
favors greater accumulation and uptake of ions in the soil due 
to its greater area of exploration (Tucuch-Haas et al. 2016), so 
the effect of increasing nutrient contents is an important factor 
in explaining the positive effect on increased grain yield and 
seed quality. Villanueva-Couoh et al. (2009) found increased 
accumulation of nitrogen, phosphorus, and potassium after 
SA application to pepper, chrysanthemum, and bean plants.

When analyzing the effect of application at different stages 
of wheat plants, it is important to note that both doses of SA 
provided increased PH, thousand-grain mass, and grain yield 
compared to the control. However, the application at stage 
10 (budbreak) provided greater increments for the variables 
evaluated. According to Taiz et al. (2017), some plants can 
metabolize various plant regulators immediately and use for 
their growth and development and/or other functions, thus, 
the application of SA performed at the beginning of vegetative 
growth, did not reflect the effects as in the application at 
the end of vegetative growth. However, it is worth noting 
the scarcity of studies that evaluate the responses to plant 
regulars such as SA applied at different plant stages. According 
to Akbulut (2015), the use of SA as an elicitor produces various 
effects in plants, so the nature of these responses depends on 
the species, the stage of plant development, the dosage used, 
and the time of exposure to the treatment.

The results show that exogenous application of SA shows 
positive effects on grain yield and grain yield components of 
wheat and that the effect is greatest at the most advanced 
stage of vegetative growth. This study confirms the potential 
and importance of this molecule as a plant regulator, 
demonstrating the response under field conditions for the 
wheat crop under specific growing conditions.

Conclusions
Wheat under specific growing conditions responds 

positively to exogenous application of salicylic acid (SA), 
increasing the SPAD index, hectoliter weight, 1,000-grain 
mass, and grain yield. 

Application of SA at stage 10 of vegetative growth of 
wheat plants increases the grain yield components of the 
wheat crop.
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