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Abstract— Chia has become enormous recognition as a super food worldwide, as reflected by a sharp rise 

in both consumption and cultivation. Salicylic acid (SA), a vital signaling molecule, is essential for plant 

tolerance responses to biotic and abiotic stress preserving healthy plant growth and enhancing 

productivity in stress condition. A field investigation of carried out during Rabi season of 2021 and 2022 at 

experimental field of Horticulture Department, C. B. G. Agriculture PG College, BKT, Lucknow to 

examine the “Influence of foliar application of salicylic acid on growth and yield of chia (Salvia hispanica 

L.)”. The treatment consisted of five dose of foliar application of salicylic acid (0, 75, 150, 300 and 600 

ppm). The experiment was laid out in a design of Randomized Block Design (RBD) and replicated three 

times. The foliar application of SA resulted in greater plant height, number of branches, fresh weight and 

dry weight of plant, yield and yield component of chia during the study. Generally the greatest values were 

registered from 300 ppm foliar application of salicylic acid. 
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I. INTRODUCTION 

Chia (Salvia hispanica L.), native to southern 

Mexico and Northern Guatemala (Silva et al., 2016, 

Artocos, 2018), is an annual herbaceous short day plant 

belonging to the family Lamiaceae. It grows naturally in 

tropical and subtropical environments from 400 to 2500 m 

above mean sea level. Chia seeds were traditionally one of 

the four basic elements in the diet and also a source of 

energy in Aztec civilization of Central America and 

Southern civilization in the pre-Columbian era (Ali et al. 

2012; Cortes et al., 2017). Chia grows up to 1 m tall with 

opposite arranged leaves with small  flowers  (3–4 mm) 

purple or white in a spike at the end of  stem, with small 

corollas and fused flower parts that contribute to a high 

self-pollination rate. The seed colour varies from black - 

grey with black spotted, oval in shape and seeds are found 

in size ranging from 1 to 2 mm (Yeboah et al., 2014).  

Chia seeds are composed of multiple nutritionally 

important polyunsaturated fatty acids (PUSFA) comprising 

approximately 25 to 40% oil content, of which 60% and 

20% is w-3 alpha linolenic and w-6 alpha linolenic acids, 

respectively (Ali et al., 2012). Due to the vast health and 

medicinal properties of  Chia seeds, it has been shown to 

lower the triglycerides (TG) and cholesterol levels, which 

in turn lowers the risk of cardiovascular related diseases 

and lowers blood pressure (Ali et al., 2012). 

Chia is currently commercially cultivated in 

Australia Bolivia, Columbia, Guatemala, Mexico, Peru, 

Ecuador and Argentina (Jamboonsri et al., 2012). Mexico 

is the largest producing centre of chia and currently exports 

seeds to Japan, USA and Europe (Baginsky et al., 2016). 

The promotion of the consumption and cultivation of chia 

could be of value due to its unique nutrient composition 

and its inherited tolerance to drought and other stress 

factors. It has been deemed to be drought tolerant, 

although there is lack of research on the physiological and 

molecular responses of this crop to drought stress. 

Salicylic acid is perhaps the only compound on the surface 

of the earth to mediate so diverse function as ranging from 

curing various human ailments to protect the plant various 

biotic and abiotic stresses and affecting various 

physiological and biological processes of plants (Popova et 
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al., 2012). There is a need to establish a suitable crop that 

can be deemed to be drought tolerant and is able to 

withstand such environments outside of the scope of 

cereals, but also pseudo cereals. 

 

II. MATERIALS AND METHODS 

An experiment entitled “Influence of foliar 

application of salicylic acid on growth and yield of chia 

(Salvia hispanica)” was conducted during the Rabi season 

of 2021 and 2022 at Horticulture Research Farm, 

Department of Horticulture, C.B.G. Agriculture PG 

College, Bakshi Ka Talab, Lucknow, situated at 26°84 N 

latitude and 80°94 E longitude with an average altitude of 

123 meter above mean sea level. The experiment was laid 

out in randomized block design consisting five levels of 

Salicylic Acid (control, 75ppm, 150 ppm, 300 ppm and 

600ppm) with three replications. The observation on 

growth parameters viz. plant height (cm), number of 

branches per plant, herb fresh weight (g) and herb dry 

weight (g) were recorded at 30, 60 and 90 days after 

sowing. The data on seed weight (g/plant), 100-seed 

weight (g) and seed yield (kg ha-1) were noted at harvest. 

 

III. RESULTS AND DISCUSSION 

1. Vegetative growth characters 

1.1 Plant height (cm) 

The plant height was increased significantly up to 

SA 300 ppm at all stages, however, reduced non-

significantly with SA 600 ppm. Crop received SA 300 

ppm recorded significantly maximum plant height (21.11 

cm) at 30 DAS (50.11 cm) at 60 DAS and (81.11cm) at 

90 DAS as compared to rest of the treatment. While, 

minimum plant height (55.03 cm) was noted in plants 

sprayed with tape water (T1). Salicylic acid plays key roles 

in regulation of various physiological and developmental 

processes of plants. It is a phenolic compound that enables 

plants to survive under challenging soil and environmental 

situations (Iqbal et al., 2012). Different concentration of 

Salicylic acid increases regulation of nutrition and 

hormone in plants (Shafiee et al., 2010). The growth 

stimulated by salicylic acid can be associated by mineral 

nutrition, hormonal profile and photosynthesis. The 

positive effect on growth of salicylic acid to its positive 

effect on hormonal balance disturbed by metallic stress 

have been linked by several authors (Shakirova et al., 

2003), they treated wheat with SA and recorded increased 

ABA content, which regulate to stomata movements 

(Wilkinson and Davies, 2010) and genes and antioxidant 

enzymes activity (Bari and Jones, 2009). Shakirova et al. 

(2013) found that salicylic acid influence the endogenous 

ABA, hormonal intermediary to trigger defense reactions 

in plants. 

The increase in plant height due to salicylic acid 

is recognized to regulate cell enlargement and cell division 

during root and shoot development (Shakirova et al., 

2003) and also increase the number of internodes 

(Jaiwal and Bhambie, 1989). According to Martin-Mex et 

al. (2005), SA cause an increase in plant growth with 

increasing cell division in both stem and root, hence 

increasing plant height (23%) under greenhouse and field 

condition. Similar results due to application of salicylic 

acid were also obtained by Kaur et al. (2007) in chickpea, 

Yildirim et al. (2008) in cucumber, Anwar et al. (2014) in 

tuberose, (Kamkari et al., 2016) in onion and (Basit et al., 

2018) in marigold. Furthermore, foliar application of lower 

concentration of SA treatment improved the plant height of 

Salvia hispanica (Fouad et al., 2018). 

1.2 Number of branches per plant 

The data indicated that different levels of salicylic 

acid had significantly affected the number of branches 

during crop growth stages. The highest number of primary 

branches (9.57) per plant was obtained with SA @ 

300ppm, while the lowest (7.79) recorded with control 

(Table 1). The increase in number of branches per 

plant may be due to the involvement in enhancing 

some physiological and biochemical processes of plants 

such as cell elongation, cell division, cell differentiation, 

enzymatic activities, protein synthesis and photosynthetic 

activity (Raskin, 1992). The results are in agreement with 

Ebtsam et al. (2006) in tuberose, Hassanain et al. (2006) in 

chamomile, Jat et al. (2007) in African marigold, El-shraiy 

and Hegazi (2009) in pea, Mohammadzadeh et al. (2013) in 

basil and Al-Rawi et al. (2014) in cotton. On the contrary, 

Fouad et al. (2018) found that foliar application of SA 

treatment did not influence the number of branches in 

Chia. 

1.3-Herb Fresh and dry Weight (g/plant) 

All the levels of salicylic acid produced more 

fresh weight as compared to control (Table 1). The data 

explicit that maximum herb fresh weight (29.90 g) was 

observed in treatment of 300 ppm salicylic acid (T4), 

followed by T3 (28.64 g) and T5 (28.20 g). While, 

minimum Herb fresh weight (27.50 g) was listed in plants 

sprayed with tape water (T1). The herb fresh weight 

produced per plant appeared to be positively correlated 

with height and number of primary branches per plant, as 

the plants in various treatments having more height and 

number of branches also had more herb fresh weight. 

These results are in close conformity with the results of 

(Fouad et al., 2018) in chia. Similar findings were also 

reported by Anuprita et al. (2005) in gerbera, Jat et al. 
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(2007) in African marigold, Singh et al. (2012) in gladiolus 

and Anwar et al. (2014) in tuberose. Najafian (2009) 

reported that spraying salicylic acid at three levels (150, 

300, and 450 mMol) on Thymus vulgaris L. had a 

significant effect on the fresh and dry weight of Thyme 

plant. Spraying at a concentration of 150 mM showed 

an increase in the dry weight of the plant and foliar 

application of 300 ppm salicylic acid was found to be 

superior in promoting herb dry weights (g) plant-1 

comparing to rest of the treatments which gained (14.34g) 

dry weight plant-1. 

Application of exogenous SA also influenced 

significant variation in dry weight of the plant. An 

application of SA significantly increased the dry weight of 

plant may be due to improved photosynthetic efficiency in 

plants (Hayat et al., 2007), stabilization of chlorophyll and 

assimilates translocation from source to sink, which 

ultimately enhanced dry weight of chia plant (Fouad et al., 

2018). Furthermore, salicylic acid acts as defense hormone 

that could reduce the abiotic stress in leaves which 

ultimately leads to increase amount of dry matter contents 

production in marigold flowers (Champa et al., 2015). The 

positive effects of salicylic acid on fresh and dry weight 

are corroborated with the results as reported by Gharib 

(2006) in basil and marjoram, Khandaker et al., (2011) in 

red amaranth, Abdou and Mohamed     (2014) in mint, Miri et 

al. (2015) in thyme, Fouad et al. (2018) in Chia. 

 

Table 1. Influence of salicylic acid on plant height (cm), number of branches per plant, herb fresh weight and herb dry 

weight (g plant-1) 

Treatments Plant Height (cm) Number of branches 

per plant 

Herb fresh weight 

(g/plant ) 

Herb dry weights 

(g/plant ) 

30 

DAS 

60 

DAS 

90 DAS 30 

DAS 

60 DAS 90 

DAS 

30 DAS 60 

DAS 

90 DAS 30 

DAS 

60 

DAS 

90 DAS 

T1 SA 0 ppm 

(Control) 

14.84 34.81 2.37 4.13 7.79 7.79 20.48 21.64 27.50 7.57 7.70 11.78 

T2 SA 075 

ppm 

15.87 45.19 2.59 4.44 7.96 7.96 20.67 22.52 27.88 7.82 7.85 11.87 

T3 SA 150 

ppm 

17.39 47.39 2.75 4.90 8.30 8.30 20.84 23.50 28.64 7.87 8.50 12.59 

T4 SA 300 

ppm 

21.11 50.11 3.38 5.89 9.57 9.57 22.84 25.55 29.90 9.00 10.08 14.34 

T5 SA 600 

ppm 

19.02 49.06 2.45 4.20 7.90 7.90 21.64 24.00 28.20 8.90 8.62 12.63 

   SE(m) 0.59 0.44 0.59 0.10 0.19 0.25 0.40 0.43 0.35 0.16 0.33 0.29 

  C. D. at 5% 1.97 1.44 1.98 0.36 0.63 0.83 1.35 1.40 0.81 0.52 1.09 0.95 

 

2. Yield and Yield Components 

The different levels of salicylic acid significantly 

increased the seed weight per plant as compared to control 

(Table 2). The treatment of SA 300 ppm (T4) showed 

significantly highest value of seed weight (4.36 g) and was 

closely followed by T5 i.e. SA 600ppm. While the control 

treatment produced significantly lowest seed weight (3.24 

g) as compared to the rest of treatment. The treatment of 

SA 300 ppm (T4) was also registered significantly 

maximum 100-seed weight (4.75 mg) as compared to rest 

of the treatments. 

In the present investigation, highest seed weight 

per plant and 100- seed weight attributed highest yield per 

hectare. The highest seed yield ha-1 (327.86 kg) was 

produced by foliar application of 300 ppm SA, while the 

lowest (285.6 kg/ plant) was with control (Table 2). The 

salicylic acid affected the physiological and biochemical 

processes that were led to ameliorate in vegetative growth 

(Dawood et al., 2012), active assimilation and 

translocation of photosynthates from source to sink in plant 

(Hayat and Ahmed, 2007). Results are also in the line of 

Gharib (2006) in basil, Jat et al. (2007) in African 

marigold, Han et al. (2011) in soybean. Al-Rawi et al. 

(2014) concluded that cotton plant (Gossypium hirsutum 

L.) tested with three levels of salicylic acid (50, 100, and 

150 mg/l) exhibited highest total cotton yield (3371.9 
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kg/ha) with 150 mg/l SA in relation to other concentrations 

used. 

 

Table 2. Effect of salicylic acid on seed weight (g/plant), 100 seed weight (g) / seed yield (kg/plant) at different stages of 

plant growth 

 

  In a study on the response of the Indian mustard 

(Brassica juncea L.) to spraying with two levels of 

salicylic acid (35 and 70 mg/l), there was a significant 

increase in all the parameters of the crop (the weight of 

one mustard, the total yield of the seed, and the seed yield), 

when spraying the plants @70 mg/l in comparison to 

@ 35 mg/l and spraying with distilled water only 

(Dugogi et al., 2012). Abbas and Ibrahim (2014) worked 

out that the growth regulator SA was sprayed on Niggella 

sativa L. at different levels (50, 100, and 200 mg/l). 

Spraying of 50 mg/l salicylic acid was the best in 

increasing growth, yield and oil ratio indices. Al-

Mohammadi and Al-Rawi (2016) were also observed 

that spraying with acetylsalicylic acid with 200 ppm 

registered the highest fruit numbers of per plant and the 

total yield kg ha-1 as compared to non-treated plants of 

Datura sp. 

 

IV. CONCLUSION 

Based on the above findings it can be concluded 

that the application of salicylic acid @ 300ppm was found 

to be significantly superior in respect of improving growth, 

flowering and fruit set, yield attributes and yield of Chia. 
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