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Abstract 
Soil health is the most crucial element in today’s agricultural world due to the increased use of chemical 

inputs. So, for aiding and prolonging soil health, it becomes more and more important to use biopolymer-

based material. Chitosan is the biopolymer that is produced from organisms. The biodegradable nature of 

biopolymers makes them environment-friendly and conserves the soil. This review paper aims to survey 

the influence of chitosan on morphological and physiological parameters of crops. This review firstly 

comments on the effect of chitosan on some vital morphological parameters like plant height, leaf area, 

leaf area index and secondly it through light on important physiological parameters like dry matter and 

relative water content. Furthermore, this review concludes the positive influence of chitosan in 

agriculture. 
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1. Introduction 

Chitosan is a natural, safe and cheap biopolymer produced from chitin, the major constituent 

of arthropod’s exoskeleton and fungi cell walls and provided as second renewable carbon 

source after lignocellulosic biomass (Kurita, K., 2006; Malerba and Cerana, 2016) [18, 21]. 

Biopolymers are kind of polymers, that produced by living organisms such as alginate and 

carrageenan, which produced naturally occurring anionic polysaccharide isolated from the 

seaweeds (Ghoda, E.A. et al., 2017; Mohamed et al., 2019) [22]. This biopolymer is a large 

cationic polysaccharide mainly obtained from waste materials from seafood processing (Guan 

et al., 2009), with antiviral, antibacterial, and antifungal properties (El-Hadrami et al., 2010; 

Lizarraga-Paulin et al., 2013) [9, 20]. Chitosan stimulates vital processes of plants on every level 

of biological process, from single cells and tissues, through physiological and biochemical 

processes, to changes on the molecular level related to expression of genes (Limpanavech, 

2008; Nguyen, 2013; Islam 2018) [19, 16]. 

 

2. Structure and mode of action 

  

 
Source: Mohamed et al., 2019 [22] 

 

Structure of chitosan 

 

2.1 Mode of action of chitosan 

The mode of action of chitosan is yet not completely known. For induction of defense 

response in plants, CHT may directly affect gene expression interacting with chromatin 

(Hadwiger, L. A. 2015; Malerba and Cerana, 2016) [15, 21]. Few efforts were done to study the 

effects of chitosan on plant growth, development and productivity, which is mainly attributed 

to the stimulation of plant’s immunity against microorganisms like bacteria (Islam et al., 2018) 
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[16]. Chitosan is a biopolymer with antiviral, antibacterial and 

antifungal properties (El Hadrami et al., 2010; Lizarraga-

Paulin et al., 2013) [9, 20]. When chitosan is being used in 

plants, it reduces transpiration (Dzung et al., 2011; Islam et 

al., 2018) [7, 16]. Chitosan plays a key role in the defense 

system of plants. Foliar application of CHT enhanced fruit 

yield, plant height and leaf number in okra (Hibiscus 

esculentus L.) (Mondal et al., 2012) [25]. Because of its 

biopolymer properties, this compound can also form physical 

barriers around the penetration sites of pathogens, preventing 

them from spreading to healthy tissues. This and bioactive 

derivatives can activate H+-ATPase, depolarizing biological 

membranes and inducing other series of the event (Amborabe 

et al., 2008) [3]. 

 

3. Effect on parameters 

A) Effect on morphological parameters 

Gornik et al. (2008) [13] conducted an experiment to evaluate 

the effect of treatment to grapevine cuttings with chitosan 

(Biochikol 020) on their rooting, subsequent plant 

development and reaction to drought stress. Biochikol 020 PC 

solution was used at concentrations of 0.5, 1 and 2% for 24 

hours at 250c. The result indicated that biochikol 020 PC 

applied at 1% stimulated the growth of cuttings by increasing 

number of internodes in comparison with control. El-Tantawy 

(2009) [11] performed an experiment to study the effect of 

organic manure, goat manure and spraying with amendment 

substances like chitosan on tomato plants. The result indicates 

the positive effect on morphological characters like plant 

height, number of branches and leaves per plant were 

observed by chitosan spray. Abdel-Mawgoud et al. (2010) [1] 

conducted an experiment to investigate the effect of foliar 

application of chitosan on strawberry plants. Chitosan sprays 

were carried out three times starting from ten weeks after 

transplanting with four weeks intervals in concentration of 0, 

1, 2, 3 and 4 cm3/l. The result revealed the increase in 

morphological characters like plant height and number of 

leaves were found significant in 2 cm3/l concentration. 

Mondal et al. (2011) [26] conducted an experiment to evaluate 

the effect of plant growth promoter on growth parameters and 

yield of Indian spinach. The experiment has five 

concentrations of chitosan viz., 0, 25, 50, 75 and 100 ppm. 

Two sprays were carried out at 15 and 25 DAS. The result 

showed that desired growth in characters like plant height, 

number of branches, number of leaves per plant and leaf area 

plant-1 were obtained due to foliar application of chitosan @ 

75 ppm. Farouk and Amany (2012) [12] carried out an 

experiment and observed that foliar application of chitosan @ 

250 ppm, increased plant morphological characters like plant 

height, branch number and leaf number of cowpea. Mondal et 

al. (2012) [25] studied the effect of different concentrations of 

chitosan viz., 0, 50, 75, 100 and 125 ppm on okra. The result 

indicated that spraying of chitosan @ 100 or 125 ppm at 25, 

40 and 55 DAS has significantly increased morphological 

parameters like plant height, leaf number of okra. El-Miniawy 

et al. (2013) [10] conducted an experiment to investigate the 

effect of foliar spray of chitosan viz., 2.5 or 5.0 ml/l with 

different number of application i.e. once, twice and three 

times on strawberry. The result shows that foliar spraying of 

chitosan at 5.0 ml three times showed significant increase in 

morphological characters like plant length, number of leaves 

per plant and leaf area as compared to control. Mondal et al. 

(2013, a) [23] tried different concentrations of chitosan viz., 0, 

50, 75, 100 and 125 ppm and sprayed three times at 35, 50 

and 65 DAS on maize. The result suggested that foliar spray 

of chitosan at 100 ppm significantly increased plant height, 

leaf number, leaf length and leaf area plant-1 of maize. 

Mondal et al. (2013, b) [24] carried out an experiment to 

evaluate the effect of foliar application of chitosan on 

mungbean plants. In the experiment five concentrations of 

chitosan viz., 0, 25, 50, 75 and 100 ppm were applied at 25 

and 35 DAS. Results showed that 50 ppm chitosan increase 

growth parameters like plant height, number of branches, 

number of leaves and leaf area plant-1. Sathiyabama et al. 

(2013) [30] conducted an experiment to evaluate the effect of 

foliar application of chitosan on tomato plants. 0.1% (m/w) of 

chitosan was used. The result revealed that there was an 

increase in morpho-physiological characters like number of 

flowers and fresh weight in chitosan treated plants than 

control. Sharifa and Abu-Muriefah (2013) [31] did an 

experiment to study the effect of chitosan @ 100, 200 and 400 

ppm on common bean. The result reported that application of 

chitosan @ 200 ppm has significantly increased plant growth 

viz., number of branches, leaf number, plant height and leaf 

area plant-1. Salachna and Zawadzinska (2014) [30] carried out 

the experiment aiming to determine the effect of chitosan 

molecular weight on growth and yield of flowers and corms 

of potted fressia (an ornamental plant). Fressia corms were 

soaked in 0.5% chitosan solution with low molecular weight 

(2 kDa), medium molecular weight (50 kDa) and high 

molecular weight (970 kDa). The result revealed that the high 

molecular weight (970 kDa) showed increase in 

morphological characters like plant height, number of leaves 

and days to flowering. Agbodjato et al. (2015) carried out an 

experiment to assess the combined effects of three plant 

growth promoting Rhizobacteria (Azospirillum lipoferum, 

Pseudomonas fluorescens and Pseudomonas putida), chitosan 

(a biostimulating molecule) and half or complete dose of 

nitrogen-phosphorus-potassium (NPK) and urea. Results 

obtained that the combination of P. putida along with chitosan 

and half dose of NPK-Urea increased height and 

circumference of maize plant. Ahmed et al. (2016) [2] 

conducted an experiment to study the effect of foliar 

application of chitosan. Two concentrations of chitosan @ 

250 and 500 ppm were sprayed on novel orange. The result 

indicated that increase in morphological parameters like shoot 

length, leaves number and leaf area were recorded at 

concentration of 500 ppm chitosan. Rabbi et al. (2016) [28] 

carried out experiment comprising of different concentrations 

of chitosan viz., 0 (control), 25, 50, 75 and 100 ppm at 30 and 

40 DAS on mungbean plant. Results showed that foliar 

application of chitosan @ 50 ppm significantly enhanced 

morphological characters such as plant height, number of 

branches, number of leaves and leaf area plant-1. Deotale et al. 

(2018) [6] conducted a field experiment to investigate the 

effect of different concentration of chitosan and IBA @ 25, 

50, 75, 100, 125 ppm. The foliar spray was given at 30 DAS 

on soybean. The increase in morphological characters like 

plant height, number of branches and leaf area were recorded 

at 25 ppm concentration of chitosan. Islam et al. (2018) [16] 

conducted an experiment in which different concentration of 

oligochitosan which were prepared from chitosan and were 

examined to study the effect on chilli and tomato plant. Four 

chitosan levels @ 25, 50, 75 and 100 ppm with control were 

taken as treatments. In case of the tomato, morphological 

parameters like plant height, leaves per plant and branches per 

plant were observed at 100 ppm concentration. In case of chili 

increase in the morphological characters like plant height, 
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leaves per plant and branches per plant were observed at 75 

ppm concentration. Ananthaselvi et al. (2019) [4] conducted an 

experiment to investigate the effect of foliar spray of chitosan 

on morphological, growth and flowering characters of the 

African marigold under induced drought condition. The 

experiment consists of three levels of water stress i.e. 100%, 

70% & 50% field capacity and three levels of chitosan sprays 

viz., 0, 0.2 g l-1 & 0.4 g l-1. The result indicated that 70% field 

capacity with 0.2 g l-1 of chitosan improved morphological 

parameter like plant height (cm). Parvin et al. (2019) [27] 

conducted an experiment to study the effect of different 

application methods of chitosan on growth and yield of 

tomato. The study concluded that foliar application of 

chitosan has increased morphological parameter like plant 

height. 

 

B) Effect on physiological parameters 

El-Tantawy (2009) [11] performed and experiment to evaluate 

the effect of organic manure, goat manure and spraying with 

amendment substances like chitosan on tomato plants. The 

result revealed that increase in physiological characters like 

dry weight was found by application of chitosan. Abdel-

Mawgoud et al. (2010) [1] did an experiment to evaluate the 

effect of foliar spray of chitosan on strawberry. Chitosan 

concentrations were 1, 2, 3, 4 cm3/l and applied three times 

starting from ten weeks after transplanting with four weeks 

interval. The result showed an increase in physiological 

characters like dry weight in 2 cm3/ l in strawberry. Mondal et 

al. (2011) [26] carried out an experiment to study the effect of 

chitosan @ 0, 25, 50, 75 and 100 ppm on Indian spinach. For 

this two sprays were carried out @ 15 and 25 DAS. The result 

indicated that chitosan @ 75 ppm has significantly increase 

specific leaf weight of Indian spinach. Farouk and Amany 

(2012) [12] conducted a farm experiment and observed that 

foliar sprays of chitosan @ 250 ppm has increased plant 

physiological characters like shoot dry weight and shoot fresh 

weight of cowpea. Mondal et al. (2012) [25] conducted an 

experiment comprising of different concentrations of chitosan 

viz., 0, 50, 75, 100 and 125 ppm on okra. Three sprays were 

carried out at 25, 40 and 55 DAS. Result showed that 

spraying of chitosan @ 125 ppm has significantly increased 

physiological characters like total dry mass plant-1, absolute 

growth rate and relative growth rate of okra. Mondal et al. 

(2013, b) [24] carried out a field experiment to study the effect 

of foliar application of chitosan on mungbean plant. Five 

concentrations of chitosan viz., 0, 25, 50, 75 and 100 ppm 

were taken with two sprays at 25 and 35 DAS. Results 

revealed that 50 ppm chitosan enhanced the physiological 

parameter like dry weight of plant. Sathiyabama et al. (2013) 

[30] performed an experiment to investigate the effect of foliar 

sprays of chitosan on tomato. 0.1% (m/w) of chitosan was 

used. The result indicated that an increase in physiological 

character like fresh weight in chitosan treated plants than 

control. Islam et al. (2016) [17] performed an experiment to 

evaluate the effect of foliar sprays of chitosan on summer and 

winter tomato, summer mungbean, maize and aman and boro 

rice. Chitosan was sprayed at four concentrations viz., 25, 50, 

75 and 100 ppm for two times at vegetative and flowering 

stages of tomato and mungbean. For maize and rice chitosan 

was sprayed three times at vegetative and flowering stages at 

concentration of 50, 75, 100 and 125 ppm for maize and @ 

25, 50 and 75 ppm for rice. The result showed that increase in 

physiological character like reproductive efficiency was 

observed best at 75 ppm for summer and winter tomato. In 

summer mungbean physiological parameters were observed 

more at 50 ppm concentration of chitosan. For maize more 

physiological characters were observed at 100 ppm 

concentration. For boro and aman rice physiological 

characters were increased at 50 ppm concentration of 

chitosan. Rabbi et al. (2016) [28] examined different 

concentrations of chitosan viz., 0 (control), 25, 50, 75 and 100 

ppm at 30 and 40 DAS on mungbean plant. Results showed 

that foliar application of chitosan @ 50 ppm significantly 

enhanced physiological characters such as total dry mass 

(TDM) over control. Dzung et al. (2017) [8] investigated the 

effect of foliar application of OC with 7.8, 5.0 and 2.5 kDa 

prepared from chitosan on chilli crop. The result indicated 

that the OC with 2-5 kDa proved best for increasing the 

physiological parameter like dry weight. Deotale et al. (2018) 

[6] conducted a field experiment to evaluate the effect of 

different concentrations of chitosan and IBA @ 25, 50, 75, 

100 and 125 ppm. The foliar application was at 30 DAS. The 

increase in physiological parameters like total dry weight, 

relative growth rate and net assimilation rate was found best 

@ 25 ppm chitosan in soybean. 

 

4. Conclusion 

Various crops responded to the application of chitosan and 

also gave significant variation among different parameters 

studied. With respect to morpho-physiological parameters 

also showed significant difference. In recent times, ‘bio’ 

products are progressively promoted for sustainable 

development and for environment protection. As chitosan is a 

biopolymer, produced from living organisms, it would not 

only reduce the use of chemical inputs and their detrimental 

impact on nature and natural resources, but it would also 

improve agro-ecosystem health. 
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