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Abstract: Eggplant (Solanum melongena) falls under the fruit species under the family of Solanaceae. 

It is grown widely throughout tropical and subtropical Zones in the world. It is a good source of 

phenolics, flavonoids, vitamins, calcium and protein. Due to its high nutritional properties, the demand 

for eggplant is increasing annually. However, due to limited planting space, it is difficult for the 

producers to increase the production in order to meet the demand. Thus, the objective of this study is 

to improve the growth and development of selected physiological characteristics of eggplant with 

chitosan and salicylic acid. The experiment was carried out in factorial randomized complete block 

design (RCBD) with 4 replications. This experiment was conducted at Field 15, Universiti Putra 

Malaysia. The plants were treated with chitosan and salicylic acid at four different rates; 0, 2, 4 and 6 

ml/L for chitosan and 0, 50, 100 and 150 mg/L for salicylic acid. The treatments were applied either 

alone or in combination. Results revealed that the application of chitosan combined with salicylic acid 

influenced the physiological characteristics of the eggplant compared to the control group. 

Combination of 4 ml/L chitosan with 150 mg/L salicylic acid gave the highest mean values of plant 

height (107.13 cm), number of branches (14.91), number of leaves (136.08), total number of flowers 

per plant (101.8), compared to other treatments. Therefore, due to cost effectiveness and better impact 

on physiological characteristics the combination of 4 ml/L chitosan and 150 mg/L salicylic acid as 

foliar fertilizer is recommended to improve the growth and development of eggplant. 
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Introduction 

Eggplant (Solanum melongena L.) or also known as garden egg or brinjal, is an important warm weather crop, 

mainly grown in the tropical and subtropical regions of the world. It is native to India, with China and Japan 

known as secondary canters of its origin (Gisbert et al., 2016; Mariano-Nasser et al., 2019; Page et al., 2019; Ullio, 

2003). About 54 million tons of eggplants were produced in 2018, with 93.7% in Asia, 3.8% in Africa, 1.8% in 

Europe and 0.7% in America (FAO, 2018). China is the largest producer of eggplant, followed by India and Egypt 

(FAO, 2018). The rapid increase in the world population has intensified the demand for food and decreased 

accessible planting space resources. Eggplant is rich source of vitamins, minerals, protein and fibre. Eggplant 

contains various phytochemicals such as flavonoids which are really helpful for medicinal purposes (Basudan, 

2018). Thus, it is identified as one of the healthiest and beneficial fruit for human health (Docimo et al., 2016; 

Plazas et al., 2014; Raigón et al., 2008). One of the major obstacles faced in eggplant production is the lack of 

planting area to expand the production. It is difficult to increase the production without increasing the planting 

area. Furthermore, the global climate changes also limit the production of eggplant. As an alternative to counter 

these difficulties, the application of chitosan and salicylic acid on eggplant might be a good option. 

Chitosan is deacetylated from chitin, which acts as a potent bio stimulant and an elicitor in plant systems (Xu and 

Mou, 2018). Due to its properties of biocompatibility, eco-friendly and easily available in large quantities, chitosan 

offers a sustainable agriculture practice (Xu and Mou, 2018). Due to its cationic character, chitosan influences 
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various biological and physicochemical properties, including antimicrobial, antifungal and antioxidant (Aranaz et 

al., 2009; Xu and Mou, 2018). Chitosan has been used in agriculture sector with the aimed to increase the yield. 

Akter et al. (2018) has proven that chitosan helps in increased in yield for chilli planted under Bangladesh climate. 

The same pattern was also found in chilli planted in Indonesia, as reported by Aziz et al. (2020). Besides, Esyanti 

et al. (2019) found that chitosan significantly increased the vegetative growth of chilli pepper in Indonesia. 

Moreover, spraying chitosan on summer squash has significantly increased plant growth characteristics, yield and 

its components (Ibraheim and Mohsen, 2015). 

Salicylic acid is a plant phenolic compound, phytohormone or natural plant growth regulator and signalling 

molecule. It is biosynthesized from the two independent pathways, isochorismate synthase- and phenylalanine 

ammonia-lyase (PAL) dependent pathways (Dempsey and Klessig, 2017) that affects various processes in plant 

systems metabolically and physiologically (Jayakannan et al., 2015; Vicente and Plasencia, 2011). Salicylic acid 

also influences the flower induction, transpiration, ion uptake, enhancement of chlorophyll level and 

photosynthesis rate (Amanullah et al., 2010; Sahu, 2013; Souri and Tohidloo, 2019). Besides, it is also able to 

protect the plants under stressful conditions where summer squash showed an increased in yield under saline-

stress condition in Egypt (El-Mageed et al., 2016). Additionally, application of salicylic acid positively and 

significantly altered the growth and yield in cucumber under different irrigation levels in Egypt (Nada and El-

Hady, 2019). Growth regulatory effects of salicylic acid in growth and yield improvement may be associated to 

its potential in reducing stress related growth inhibition in plants (Khan et al., 2015). Thus, the objective of this 

experiment is to assess the impacts of chitosan and salicylic acid in improving plant growth and development in 

eggplant.  

Material and Methods 

The experiment was carried out at Field 15, Universiti Putra Malaysia under greenhouse condition. The eggplant 

seeds were sown in germination tray containing peat moss and placed under 50% shade for the seeds to germinate. 

Healthy and uniform seedlings with four leaves per seedling were transplanted into 16"x16" poly bags containing 

coco peat.  As the plants reached 20 days after transplanting (DAT), the plants were sprayed with chitosan and 

salicylic acid at four different rates; 0, 2, 4 and 6 ml/L for chitosan and 0, 50, 100 and 150 mg/L for salicylic acid. 

The treatments were applied either alone or in combination. The experiment was designed in factorial randomized 

complete block design (RCBD) with four replications. 

Data collection 

Data were collected on 110 DAT for the following parameters: 

a- Number of leaves per plant:  measured by counting all the leaves existed in each plant.  

b- Plant height: measured manually by using a measuring tape. Plant height was taken from the medium surface to the highest 

point of plant stem and result was expressed in centimeter (cm). 

c- Number of branches per plant:  measured by counting all branches from the main stem.  

d- Total number of flowers per plant: was counted from 57 DAT until 110 DAT by counting flowers that were anthesis only.  
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Statistical analysis  

Data were subjected to statistical analysis and were analyzed using Statistical Analysis System (SAS 9.4).  Means 

were analyzed using Analysis of Variance (ANOVA) and compared using Least Significant Differences (LSD) at 

significant level of 0.05. 

Results and Discussion 

Number of leaves 

Outcome of this study obviously showed that foliar application of chitosan and salicylic acid alone or in 

combination exhibited positive impacts on number of leaves per plant in eggplants. Based on the result in Table 

1, increasing the concentration of chitosan (CH) and salicylic acid (SA) resulted in significant (P≤ 0.05) increase 

in the number of leaves per plant. The highest number of leaves was observed on plants that were treated with 

combination of 4ml/L CH +150 mg/L salicylic acid which was 136 leaves per plant. It was followed by the 

application of 2 ml/L CH + 150 mg/L SA (133 leaves per plant) and 4 ml/L CH + 100 mg/L SA (130 leaves per 

plant), with no significant difference between these two treatments. On the other hand, there was a non-significant 

increase in number of leaves (102, 102, 102 and 106 leaves per plant) by application of 2 and 4 ml/ L CH and 50 

mg/ L SA when applied individually compared to the control group and by application of 2 ml/ L CH + 50 mg/ L 

SA respectively. Low concentration of CH and SA failed to influence the number of leaves in eggplants, where it 

showed non-significant difference when compared to the control group. Besides, the effects were not profound 

without the combination of chitosan and salicylic acid.  

Table 1: Impact of different levels of chitosan and salicylic acid on number of leaves plant-1 

Leaves are important organ of plants where photosynthesis occurs; an occurrence which leads to the plant growth 

and manufactures food for plants and other organisms (Ashraf and Harris, 2013).  The increment in number of 

leaves is in consistency with the result of Mohamed et al. (2017) who reported that salicylic acid has significantly 

increased the number of leaves per plant in strawberries, Abbasi et al. (2019) in cucumber and El-Yazied (2011) 

in sweet pepper. Regulatory potential of SA in increasing the number of leaves may be linked to its influences on 

the chlorophyll level, stomatal movement and enzymes, which contribute in photosynthesis activities in plants 

(Vicente and Plasencia 2011). Besides, it might be also due to efficiency of nutrient uptake in plants by salicylic 

Chitosan, CH (ml/L) 

Number of leaves plant-1 

 
Salicylic acid, SA (mg/L) 

Means 0 50 100 150 

0 101.25f 102.66ef 105.83ef 112.25d 105.5C 

2 102.16f 106ef 113.66cd 133.41ab 113.8B 

4 102.33f 113.33d 130.91b 136.08a 120.66A 

6 111.5de 113.83dc 117.58bcd 119.83c 115.68B 

Means 104.31D 108.95C 114.5B 125.39A  

Means with different letterings are considerably different in same column and row at p ≤ 0.05 LSD. Upper 

and lower cases are demonstrating analysis by factorial and single factor respectively. 
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acid especially, potassium element (Youssef et al., 2017). Potassium plays a key role in plant physiological 

processes including: stomatal regulation, transport of soluble organic compounds through phloem, balance of 

cation and anion, photosynthesis, cell growth, manufacturing of protein, osmoregulation, energy transfer, 

activation of enzymes, induction of stress resistance and nutrient stability (Hasanuzzaman et al., 2018; Pandey, 

2015). Besides, it may be also due to impacts of chitosan on other hormones such as cytokinins. Cytokinins 

increase the number of branches by increasing the lateral buds in plants and contribute in leave production (Qiu 

et al., 2019). 

Plant height 

Plant height is one of the key measurable and observable growth traits in plants. Based on the result, the exogenous 

application of CH and SA either independently or in combination, showed significant influence on plant height 

of eggplant (Table 2). It was also noticed that the effect was less pronounced when CH was applied without the 

combination of SA, where 2 and 4 ml/L CH showed non-significant effect on plant height with untreated plants, 

which was around 85.17 until 86.8 cm. A slight difference was found for plants treated with 6 ml/L (89.9 cm). 

Similar pattern was observed in SA, where single application of SA was not effective in increasing the plant height 

except for 150 mg/L where the plants reached 90.02 cm in height. The highest plant height observed in plants 

which were treated with 4 ml/L CH + 150 mg/L SA and resulted 20.5% increment in plant height over untreated 

plants. 

Table 2: Effects of chitosan and salicylic acid on plant height  

El-Amerany et al. (2020) reported that application of chitosan significantly altered the plant height in tomato and 

in strawberry (El-Miniawy et al., 2013). The growth regulatory impacts of chitosan in increasing the plant length 

may be linked to a raise in activity of the key enzymes of nitrogen metabolism such as glutamine synthase, protease 

and nitrate reductase and nitrogen transmit and photosynthesis increment in the leaves which improved the plant 

growth and development in okra (Mondal et al., 2012). Another report showed that application of SA significantly 

increased plant height and all vegetative growth in strawberries (Metwally et al., 2013). Regulatory effects of 

salicylic acid are closely associated to its potential in inducing some physiological processes, such as increasing 

vegetative growth, photosynthetic pigment and ion uptake, regulating endogenous Phytohormones. El-Yazeid 

(2011) mentioned that SA increases the level of endogenous auxin and cytokinins in sweet pepper. 

Number of branches per plant 

Different levels of chitosan and salicylic acid individually or in combination resulted in statistically significant 

increase in number of branches in eggplant (Table 3). The highest number of branches per plant was observed 

Chitosan, CH (ml/L) 

Plant height (cm) 

 
Salicylic acid, SA (mg/L) 

Means 0 50 100 150 

0 85.17i 85.97ghi 87.56fghi 90.02efgh 87.18C 

2 85.56hi 88.87efghi 91.99def 98.09b 91.13B 

4 86.79ghi 90.26efg 96.83bc 107.13a 95.25A 

6 89.9efgh 92.55cde 95.06bcd 93.47bcde 92.75B 

Means 86.85D 89.41C 92.86B 97.18A  

Means with different letterings are considerably different in same column and row at p ≤ 0.05 LSD. Upper 

and lower cases are demonstrating analysis by factorial and single factor respectively. 
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from the application of 4 ml/ L CH + 150 mg/ L SA which was 15 branches per plant. Under 150 mg/L SA, the 

plants produced 13 branches per plant when applied with 2 ml/L CH, which gave similar effect when applied with 

6 ml/L where the plants produced 14 branches per plant.  The untreated plants only showed 10 branches per plant, 

which was statistically non-significant with single application of 2 ml/L CH and 50 mg/L SA. 

 

 

Number of branches per plant is an essential physiological character in eggplant, as it will contribute to the number 

of leaves and flowers. Furthermore, reports of this experiment showed significant effects of both chitosan and 

salicylic acid on increasing the plant size by increasing the number of branches per plant. Application of chitosan 

is well known in increasing the photosynthesis rate; contribute to improving overall plant growth and 

improvement (Akter et al., 2018). The finding of current study is consistent with the results of Akter et al. (2018) 

who observed the effects of chitosan in increasing the number of branches in chillis. Furthermore, Kazemi (2014) 

reported the significant impact of salicylic acid in increasing the number of branches in tomato plants. Salicylic 

acid also influences other endogenous Phytohormones such as cytokinins which are able to induce the activities 

associated to plant growth and development (Krantev et al., 2008). Cytokinins regulate the development of 

auxiliary buds and increase the number of branches in plants (Qiu et al., 2019; Schneider et al., 2019).  

Number of flowers per plant 

In this study, the number of flowers reached from 70.72 (in untreated plants) to 101.8 by foliar application of CH 

and SA (Table 4). The finding of this study showed that there was an interaction between different concentrations 

of CH and SA on flower production in eggplant. Untreated plants produced 70.72 flowers per plant only. 

Meanwhile, all the treated plants produced higher number of flowers, except for 2 ml/L CH which was only around 

72.08 flowers. Plants treated with 50 mg/L SA+6 ml/L CH, 100 mg/L SA+6 ml/L and the combination of 150 

mg/L SA + all concentrations of CH produced more than 90 flowers per plant. Plants treated with 150 mg/L SA 

+ 4 ml/L CH showed superior effect than the others, where the plants in this treatment produced 101.8 flowers 

per plant.  

Table 3: Impacts of chitosan and salicylic acid on number of branches plant-1 

Chitosan, CH (ml/L) 

Number of branches plant-1 

 
Salicylic acid, SA (mg/L) 

Means 0 50 100 150 

0 10j 10.58ij 12.58def 12.66def 11.45C 

2 10.5j 12.25fg 12.33ef 13.08bcd 12.04B 

4 11.16hi 11.66gh 12.91cde 14.91a 12.66A 

6 11.25h 12.75cdef 13.33bc 13.58b 12.72A 

Means 10.72D 11.81C 12.79B 13.56A  

Means with different letterings are considerably different in same column and row at p ≤ 0.05 LSD. 

Upper and lower cases are demonstrating analysis by factorial and single factor respectively. 
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Table 4: Effects of chitosan and salicylic acid on total number of flowers plant-1  

This finding is consistent with the results reported by Afsana et al. (2017) that salicylic acid considerably increased 

the number of flowers in tomato. Similarly, Mondal et al. (2016) reported that foliar application of chitosan caused 

a significant increase in reproductive growth of summer tomato. The positive impacts of chitosan on growth and 

flower production in plants may be due to its potential to perform as anti-transpirant, to activate reactive oxygen 

species (ROS) scavenging system, to improve the stomatal movement and to motivate growth of xylem vessels 

(El-Amerany et al., 2020). A part from that, effectiveness of salicylic acid in increasing the flower initiation may 

be due to the growth-promoting effects linked to changes in the hormonal situation such as cytokinins (Abreu and 

Munné-Bosch, 2009; Shakirova, 2007).  

Conclusion  

It can be concluded that the plant growth regulators showed positive impact in all studied parameters. Due to its 

cost effectiveness and high number of flowers produced in 4 ml/L CH combined with 150 mg/L SA.  In this 

regard, it suggested that this treatment is included in the cultural practices of eggplants in open field and soil 

culture. 
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Chitosan, CH (ml/L) 

Total number of flowers plant-1 

 
Salicylic acid, SA (mg/L) 

Means 0 50 100 150 

0 70.72l 73.97jk 78.66i 79.5i 75.71D 

2 72.08lk 81.91gh 84.97f 96.19bc 83.79C 

4 74.41jk 82.44g 89.11e 101.8a 86.94B 

6 74.75j 92.66d 95.58c 98.55b 90.38A 

Means 72.99D 82.75C 87.08B 94.01A  

Means with different letterings are considerably different in same column and row at p ≤ 0.05 LSD. Upper 

and lower cases are demonstrating analysis by factorial and single factor respectively. 
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