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Abstract. A field experiment was carried out in sandy soil, during two winter successive seasons 
to study the impacts of different concentrations of chitosan (50, 100 & 150 mg L-1) on several 
growth parameters and biochemical changes as well as quantitative and qualitative grain yield. 
Foliar treatment of chitosan significantly increased the growth parameters concurrently with an 
increment in the photosynthetic pigments, total soluble sugar, proline, free amino acid total 
carbohydrates, antioxidant activities, phenol, flavonoids, and some minerals nutrition of wheat 
plant. Wheat plants treated with chitosan at different concentrations significantly increased 
different endogenous phytohormones auxins (IAA), abscisic acid (ABA), gibberellins (GAs), and 
cytokinins (Cyt), as compared with the untreated plants. Moreover, chitosan concentrations 
induced significantly increments in grains yield, nutritive values, carbohydrates %, proteins %, 
antioxidant compounds and macronutrients of the grain yield. Cultivation of wheat plants under 
sandy soil conditions and treated with foliar application of 100 mg-1 chitosan gave the higher 
values of the grain yield as well as the nutritional values contents. 
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INTRODUCTION 

 
In recent years, the forever-growing request for food worldwide, the ongoing 

climate change, the severe consumption of farmlands and the rising consideration of 
consumers to high-quality, secure and environmental-friendly food production 
collectively have encouraged the search for other biological methods that could 
encounter this request. Moreover, the changeable environmental conditions form a 
challenge to agriculture production, thus improving any agricultural system of the 
country is a necessity to encounter its people's requirements. Scientists paid their interest 
to compensate for this reduction by reclaiming and cultivating new sandy soils. So, due 
to the bad properties of sandy soils, the experiment was carried out in the reclaimed 
sandy soil in Egypt. The chosen district, is a portion of the Sahara Desert of Northern 
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Africa, and it is insecure due to the to the presence of different environmental stress 
conditions such as low water availability, high irradiances, temperature variations, and 
nutrient deficiency (Ramadan et al., 2020). 

Thus, it is significant to increase wheat production by utilizing several planning, 
like extending wheat cultivation in sandy soil and conditions utilizing either high crop 
varieties or natural compounds as bio-stimulants and elicitors in agriculture to enhance 
its growth and yield in such type of soil. Elicitor is one of the important efficient 
strategies for promoting the plant defense mechanism. Moreover, elicitor is promoting 
transportation via a signal transduction system leading to alteration in the various aspects 
of cellular processes and finally enhancing the biosynthesis of secondary metabolites 
(Delaunois et al., 2014 and Suarez-Fernandez et al., 2020). Elicitorshave an important 
influence on various metabolic processes which promote plant growth and development 
through rising photosynthesis, endogenous bioregulator, nucleic acid,protein synthesis 
and ion uptake (Abbas, 2013). The discernment of sustainable crop production and rising 
agricultural yield with inexpensive inputs are the requirements for farmers. Accordingly, 
various strategies for the exogenous application of various natural compounds must be 
used to achieve this goal. One of those natural substances which could be provided safely 
to crops is the chitosan shell of shrimp extract. Chitosan is a natural compound and is 
commercially proceeded from seafood shells (Boonlertnirum et al., 2010). Chitosan is a 
low toxic and cheap substance beside being biodegradable and environmentally friendly 
with different applications in agriculture. Chitosan is a biopolymer, from the 
carbohydrate family primly created from a glucose ring and has a free amino group at 
carbon number - 2, however, the employment of chitosan increments with rising amino 
groups (Badawy & Rabea, 2011). Moreover, because of its cationic properties, chitosan 
submits a broad set of physicochemical and biological characteristics, inclusiveof both 
antimicrobial, and antioxidant characteristics (Aranaz et al., 2009). Chitosan is 
considered by individual characteristics, like bioactivity and biocompatibility (Dias et 
al., 2013). Chitosan application could increase the plant's yield (Mondal et al., 2012), 
decrease transpiration and induce a range of metabolic changes (Dzung et al., 2011). 
Also, the usage of chitosan improved key enzyme activities of nitrogen metabolism 
(nitrate reductase, protease, and glutamine synthetase) and increased the transmission of 
nitrogen in the workable leaves which increased plant growth and development. 
Chitosan stimulates plant hormones, lipid signaling and protection compounds in tomato 
root exudates, such asphenolic compounds (Suarez-Fernandez et al., 2020). Chitosan 
also propitiates the accumulation of auxin in the apex of plant roots (Lopez-Moya et al., 
2017), and promotersmetabolic pathways (e.g., phenylpropanoid) participated in the 
biosynthesis of phenolic compounds (Singh et al., 2020). 

Wheat (Triticum aestivum L) is the utmost substantial cereal crop grown in the 
world.At least one-third of the world's people consists of wheat as its major staple 
(Abdallah et al., 2015). The grains of wheat contain great amounts of proteins, 
carbohydrates, several minerals and vitamins.For these purposes, efforts must be 
directed toward the incrementwheat yield to fill the gap between production and 
consumption; so, the cultivated area could be increased by reclaiming new lands, 
supplying them with water from wells and devoting them to wheat production. 

This study was conducted to investigate the performances of different doses of 
chitosan on grain yield and some biochemical aspects of wheat plants (Gimmeza 9) 
under sandy soil conditions. The specific objectives of the current study were to (i) Keep 
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up the growing attention to high-quality, secure, and environmentally friendly grain 
production. (ii) Eliminate pollutants and use environmentally friendly materials by using 
the remaining shrimp shell by recycling action (iii) Utilizing chitosan as a natural 
compound (bio-stimulant) in agriculture toevaluate the effects of three different doses of 
foliar spray of chitosan on growth and grain yield of wheat (iv) Assess the effects of 
foliar spray of chitosan on the endogenous phytohormones, photosynthetic pigments and 
total antioxidant activities. induction of total carotenoids, lycopene, flavonoid and 
phenolic compounds and (vi) determine the effect of chitosan spray on the nutritional 
values of the yield grains. 

 
MATERIALS AND METHODS 

 
Materials 
Wheat grains variety (Gimmeza 9) with 98 germination percentage by certified 

seed was obtained from Agricultural Research Center, Giza, Egypt. 
 
Experiment location 
The experimental farm of the National Research Centre was located in Nubaria 

region, Egypt, (30_86'67" N 31_16'67" E, with a mean altitude 21 m above sea level), 
two field trials were sown in two consecutive winter seasons in 2019/2020 & 2020/2021. 
The soil Farm is considered to be either an arid or semi-arid zone. The temperature at 
night was 8.7 to 16.23 °C, with an average of 11.8 and 10.12 to 16.54 with an average 
of 12.81, while daytime temperatures varied from 18.82 to 28.15 °C with an average of 
22.52 °C and 17.05 to 28.91 °C with an average of 22.43 °C. During the years  
2019–2020 and 2020–2021, respectively, the relative humidity ranged from 58.0 to 
69.38% with an average of 64.4% and 58.22 to 70.9% with an average of 65.52%. 
According to Chapman & Pratt (1978), the soil at the experimental site was reclaimed 
sandy soil, and mechanical and chemical analyses are described in (Table 1). 

 
Table 1. Analysis of the experimental soil's mechanics, chemistry, and nutrition 

Sand Silt  Clay  Soil texture 
Course 2000-200µ Fine 200-20µ 20-0µ < 2µ  
47.44% 36.21% 12.88% 4.26% Sandy 

 

Chemical analysis: 
pH 
1:2.5 

EC 
dSm-1 CaCo3 

OM 
% 

Soluble Cations meq/l Soluble anions meq/l 
Na+ K+ Mg+ Ca++ CO3

-- HCO3
- Cl- SO4

-- 

7.60 0.14 5.30 0.07 0.56 0.14 0.93 1.10 0.0 1.27 0.46 0.87 
Nutritional analysis: 
Available nutrients 
Macro element ppm Micro element ppm 
N P K+  Zn+ Fe++ Mn++ Cu++ 
53.0 12.0 75.0 0.14 1.40 0.30 0.00 

 
Experiment design 
Four replications were used in the randomized complete block design of the 

experiment. In both seasons, wheat grains were sown on November 20th in rows that 
were each 3.5 meters long and spaced 20 cm apart on a 10.5 m2 plot (3.0 m in width and 



42 

3.5 m in Length). When wheat was sown in sandy soil, agricultural operations were 
carried out as recommended, and the seeding rate was (140 kg ha-1). The soil was 
amended with 360 kg ha-1 of calcium super-phosphate (15.5% P2O5) before sowing. 
Following plant emergence, ammonium nitrate 33.5% at a rate of 180 kg ha-1 was used 
as a nitrogen fertilizer, it was divided into five equal amounts before the first, second, 
third, fourth, and fifth irrigation water. Before the first and third irrigation water, two 
equal dosages of 120 kg ha-1 of potassium sulphate (48.52% K2O) were applied. The 
new sprinkler irrigation system, which added water every five days, was used for 
irrigation. Chitosan at concentrations (0.0, 50, 100, & 150 mg L-1) were applied twice to 
wheat plants in the tillering and elongation stage (about 4 to 5 leaves) at 45 & 60 days 
after sowing. 

 
Irrigation water requirements: 
Irrigation water requirements calculated using Penman Monteith equation and crop 

coefficient according to Allen et al. (1989). The average amount of irrigation water 
applied with sprinkler irrigation system was 5,950 m3 ha-1 season-1 for both seasons of 
the experimental work (Table 2). 

The amounts of irrigation water were calculated according to the following equation: 

𝐼𝑊𝑅 ൌ 
𝐸𝑇 ൈ 𝐾 ൈ 𝐾 ൈ 𝐼

𝐸
 𝐿𝑅൨ ൈ 4.2 (1) 

where 𝐼𝑊𝑅 = Irrigation water requirement m3 ha-1/ irrigation; 𝐸𝑇 = Reference 
evaporation - transpiration (mm day-1); 𝐾 = Crop coefficient; 𝐾 = Reduction factor 
(Keller & Karmeli, 1975); I = Irrigation interval, day; 𝐸 = Irrigation efficiency, 90%; 
LR = Leaching requirement = 10% of the total water amount delivered to the treatment. 
 

Preparation of Shrimp shells 

 
Materials 
Shells of shrimp was obtained from Suez Shrimp (Egypt). Sodium hydroxide 

(NaOH), hydrochloric acid (HCl), and acetic acid gotten from Aldrich, Egypt. They were 
then diluted to the concentration required for the methodology with distilled water. 

 
Methods (Extraction of chitosan) 
The extraction of chitosan can be carried out after removing the loose tissue from 

the shrimp shells. The shells were washed for 6 h. For chitin and chitosan productions 

In the current study, we described 
the low-cost chitosan's extraction from 
shrimp shells via chitin extraction, 
followed by alkaline deacetylation of 
chitin with a strong alkaline solution at 
various times. Chitin can be taken from a 
variety of sources and transformed  
to chitosan using variable levels of 
deacetylation and varying NaOH 
concentrations. The technique used to 
extract the chitosan was essentially the 
same as that used by Saleh et al. (2016). 

 

Table 2. Water for growth stages of the wheat
crop at Nubaria station during two successive
winter seasons 2019/2020–2020/2021 

Growth 
stages 

No.  
of days 

The applied water  
to the growth stages 
(m3 ha-1) 

Initial 20 326.04 
Develop. 30 1,086.76 
Mid 65 3,260.27 
Late 40 1,141.08 
Harvest 27 135.85 
Total 182 5,950 
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drying, thoroughly with water to remove impurities in a hot-air oven at 90 °C and 
grinding to obtain a dry powder. The major procedure for obtaining chitosan is based on 
the alkaline deacetylation of chitin with a strongly alkaline solution at different periods 
of time. 

 
Demineralization process 
The demineralization was carried out by weighing 50 gm of powdered shrimp shells 

and using 4% HCl (1.3 N) at a ratio of 14 mL: 1 g (w/v) for 24 h at room temperature. 
The product was washed to neutrality under running tap water. Electricoven at 70 °C 
was used to dry the solid after it had been collected and rinsed with distilled water. 

 
Deproteinization process 
5% NaOH (1.25 N), 12 mL: 1 g (w/v), 90 °C, and 24 hours of deproteinization were 

performed. The deproteinized material was gathered and cleaned with distilled water. 
 
Deacetylation 
The product was deacetylated with 70% NaOH (17.5 N) with a ratio of 14 mL: 1 g 

(w/v) at room temperature for 75 h. with stirring. The solid was collected and washed 
with distilled water. The deacetylated product was then dried in an oven at 70 °C. 

 
Plant sample 
After 75 days from seeding, plant samples were taken in order to determine the 

growth characteristics (shoot height (cm), number of leaves per tiller, tiller fresh and dry 
weight per plant (g), and water content %). Photosynthetic pigments, endogenous 
phytohormones, organic solutes (proline, total free amino acids, and total soluble sugar), 
total carbohydrates, total proteins, flavonoids, total phenol contents, lipid peroxidation 
total antioxidant activities, and a few minerals (nitrogen, phosphorus, potassium, and 
calcium) were all measured in wheat leaves as part of the biochemical analysis. 

The following characteristics were measured at harvest on randomly selected 
groups of 10 guarded tillers in every plot to estimate the following characteristics: plant 
height (cm), spikelets no/spike, 1,000-grains weight (g), grain yield/spike (g), straw 
yield, biological yield, and grain yield (ton ha-1). In wheat grains, the percentages of 
carbohydrates, proteins, flavonoids, lycopene, and minerals (nitrogen, phosphorus, 
potassium, and calcium) were measured. 

 
Water Content  
Water content was determined according to (Jin et al., 2017). The fresh leaves of 

each sample were weighed and then dried at 80 °C for 72 hourswas record as dry weight. 
The leaf water content was calculated as the following: 

Water content(%) = (Wf − Wd)/Wf ൈ 100 Where, Wf, fresh weight and Wd, dry 
weight. Each sample was measured in biological triplicate. 

 
Water-productivity (WP): 
WP was determined by (Howell et al., 1990). The relationship between grain yield 

and irrigation water quantity is known as water productivity (WP). WP in (kg/mm ha-1) 
was computed using the following formula: 
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Water productivity = wheat grain yield (kg ha-1) / total utilized of irrigation water, 
m3ha-1 /season. 

 
Physiological and biochemical studies 
Photosynthetic pigments: The method previously described (Li & Chen, 2015) was 

used to quantify the amounts of both chlorophyll a and b and carotenoids in fresh leaves 
using spectrophotometer (Shimadzu UV-1700, Tokyo, Japan). In terms of g per 100 g 
of fresh weight, photosynthetic pigment levels were expressed.  

Extraction, isolation, and identification of endogenous phytohormones: The 
methylation process was carried out in accordance with the previously stated approach 
(Urbanová et al., 2013), and the hormone extraction procedure was carried out in 
accordance with the previous method employed by Zhang et al. (2015). Hewlett Packard 
carried out the identification and quantification of auxins, gibberellins, and abscisic acid, 
gas-liquid chromatography (5890) with a flame ionization detector (Tarkowská et al., 
2014). In accordance with Tarkowski et al. (2009) approach, cytokinin fractions were 
identified by HPLC isocratic UV analyzer. 

Organic solute: The phenol sulphuric acid methodwas used to determine total 
soluble sugar (TSS) concentrations Mecozzi (2005). Proline (Pro) and free amino acids 
(FAA) were extracted using the technique outlined by Vartanian et al. (1992). Using 
Yemm et al. (1955) ninhydrin reagent technique for determination free amino acids. 
According to Bates et al. (1973) approach, proline was measured. 

Total soluble protein (TSP) was appointed using the technique of(Maehreet al., 
2018). Total carbohydrate was measured according to DuBois et al. (1956). 

Antioxidant compounds: The total phenolic compound was measured using the 
spectrophotometer as previously determined (Siddiqui et al., 2017).With the use of the 
technique described by Dewanto et al. (2002) total flavonoids were estimated. Lycopene 
levels were measured using the method of Nagata & Yamashita (1992) approach. 

Lipid peroxidation, through estimating the quantity of malondialdehyde (MDA) 
produced via the previously published thiobarbituric acid (TBA) reaction, lipid 
peroxidation was ascertained (Wang et al., 2013). 

Antioxidant activity: in order to measure the antioxidant activity (DPPH radical 
scavenging) method of Liyana-Pathiranan & Shahidi (2005). 

Mineral contents: The grains samples were powdered after being oven-dried at 
70 °C for 72 hours. N, P, and K were measured. According to Paul et al. (2017) the 
Kjeldahl procedure was used to determine the nitrogen content of plant leaves. Paul et 
al. (2017) state that the spectrophotometer approach was used to estimate the phosphorus 
content. According to Paul et al. (2017) the potassium content of the plants was assessed 
using a flame photometer method. 

 
Statistical analysis 
Complete randomized block design statistical analysis was performed on the data. 

Given that the trend was consistent across two seasons, the homogeneity test using 
Bartlet's equation was used to combine the analyses of the two seasons. Using SAS 
software, the Duncan's multiple range test was measured to compare the means at 
P < 0.05 (SAS Institute Inc. 2002; Steel & Torrie, 1980). Correlation coefficient was 
calculated to determine the relationship between grain yield and each of the 
physiological and chemical traits. 
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RESULTS AND DISCUSSION 
 
Growth parameters 
The influence of various concentrations of chitosan (50,100 and 150 mg L-1) on 

growth parameters of wheat plants are presented in (Table 3). The results revealed that, 
using chitosan as foliar treatment at different concentrations significantly increased plant 
height, leaves number / tillers, tiller fresh and dry weight and relative water contents as 
compared with untreated plants. While, the maximum significant (P < 0.05) increment 
was achieved in number of leaves/tiller, fresh and dry weight and relative water content 
were reported at 100 mg L-1 chitosan. The percentage of increases in response to 
100 mg L-1 chitosan extended to 20% & 9% in fresh and dry weights of shoots as 
compared with the untreated plants. 

 
Table 3. Effect of different concentrations of chitosan (50, 100 and 150 mg L-1) on morphological, 
criteria of wheat plant (Gimmeza 9) variety at 75 days from sowing, (mean of two seasons) 

Chitosan 
(mg L-1) 

Plant height 
(cm) 

Number of  
leaves /tiller 

Tiller Fresh wt. 
(gm) 

Tiller Dry wt.  
(gm) 

RWC  
% 

control 70.0c 4.52d 7.12d 1.92c 72.97c 
50 73.0b 6.11b 8.36b 2.05ab 75.45b 
100 76.5a 6.60a 8.87a 2.13a 76.00a 
150 78.87a 5.63c 7.82c 2.01bc 74.19bc 

 
The obtained value came in line with Zayed et al. (2017) who stated that the 

application of chitosan improved the morphological characters of common beans. The 
beneficial effects of chitosan may be attributed to its role in various physiological 
processes. Sheikha & AL-Malki (2011) reported that chitosan improved bean growth 
parameters may be due to improving photosynthetic machinery. Moreover, Ke et al. 
(2001) stated that the application of carboxymethyl chitosanimproved enzyme activities 
of nitrogen metabolism which in turn enhanced photosynthesis and that followed 
byimproved plant growth.Chitosan increases plant growth might be because of an 
increment in the availability ofwater uptake and necessary nutrients led to adjusting cell 
osmotic pressure, cell division and elongation, increased protein biosynthesis and 
induction of the antioxidant defense system (Ma et al., 2014). Moreover, Chitosan also 
induces endogenous plant hormone synthesis (Uthairatanakij et al., 2007) or encourages 
closure of stomata, which decreases transpiration (Karimi et al., 2012). 

 
Photosynthetic pigments 
The effect of different concentrations of chitosan (50, 100 & 150 mg L-1) on 

photosynthetic pigments (chlorophyll a, chlorophyll b, carotenoids and total pigments) 
of wheat plants are illustrated in (Fig. 1, A, B, C, D). Chitosan applications significantly 
(P < 0.05) enhanced photosynthetic pigments. Chitosan at 100 mg L-1 induced the 
highest values by 37.5%, 29.3%, 53.3% & 38.5% at chlorophyll a, chlorophyll b, 
carotenoid and total pigments respectively a contrast to the corresponding untreated 
plant. 
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Figure 1. Effect of different concentrations of chitosan (50, 100 and 150 mg L-1) on 
photosynthetic pigments as (mg g-1 fresh wt.) (A) chlorophyll a (B) chlorophyll b (C) carotenoids 
(D) total chlorophyll on wheat plant (Gimmeza 9) variety at 75 days from sowing. The different 
letters (a–d) show statistical significance at p < 0.05; vertical bars indicate ± SE. 

 
The significant increase in photosynthetic pigments of wheat plants due to chitosan 

treatment under sandy soil conditions (Fig. 1)might be due to improving cytokinin 
contents (Fig. 2, D) that encourage chlorophylls synthesis or preventing the reduction in 
the light-harvesting pigment protein complexes or raise the availability of amino 
compounds liberated from chitosan (Chibu & Shibayama, 2001). Chitosan could 
progress the plant defense mechanism via activating photochemistry and enzymes 
associated with photosynthesis (Faqir et al., 2021). It is obvious that chitosan enhances 
the photosynthesis performance and the accumulation of organic matter in wheat plants. 
This may be due to an increase in total carbohydrate contents (Fig. 3, E), N % and K % 
in plant leaves (Fig. 5, A, C) which assists in raising the numbering of chloroplasts per 
cell, so participating in the improved synthesis of chlorophyll. Farouk & Ramadan 
(2012) found that chitosan improved chlorophylls and total carbohydrates in cowpea 
(Vigna unguiculata L.) after foliar treatment with chitosan at 250 mg L-1. Moreover, the 
application of chitosan induces carbon assimilation which leads to an increase in the 
photosynthetic pigment (Bistgani et al., 2017). The application of chitosan to coffee 
seedlings led to increase in chlorophyll contentswhich of attributed to enhance uptake of 
nutrients (Nguyen Van et al., 2013). Moreover, the application of chitosan-enhanced 
photosynthetic pigments in barley plants which may be because of the increments of N 
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and Mg contents in the leaves which are the essential elements in the chemical 
composition of chlorophylls (Behboudi et al., 2018). 
 

Endogenous phytohormones 
Data in (Fig. 2, A, B, C, D) showed that, chitosan with different concentrations 

caused increases in IAA, ABA, GA, and Cyt as compared with untreated plants. The 
highest values of hormones were achieved with 100 mg L-1 chitosan treatment by 78%, 
30%, 44%, and 73% in IAA, ABA, GA, and cyt respectively. 
 

 

 

 
 

 

 

 
 

Figure 2. Effect of different concentrations of chitosan (50, 100 and 150 mg L-1) on endogenous 
phytohormones as (mg/100 g fresh wt.) (A) IAA, (B) ABA, (C) GA, and (D) Cytokinin on wheat 
plant (Gimmeza 9) variety at 75 days from sowing. The different letters (a–d) show statistical 
significance at p < 0.05; vertical bars indicate ± SE. 

 
Iglesias et al. (2019) and Ma et al. (2019) reported that chitosan plays an important 

role in plant hormone production and systemic gained resistance. Chitosan might 
improve growth and development through signaling pathway associated to auxin 
biosynthesis through the tryptophan-independent pathway (Uthairatanakij et al., 
2007). Similarly, Oligochitosan was able to increase IAA concentration, which 
improved the growth of tobacco plants (Guan et al., 2009). Moreover, chitosan induce 
the accumulation of IAA in the root apex of the Arabidopsis (Lopez-Moya et al., 2017). 
Muthukrishnan et al. (2019) recognized the enhancing role of chitosan on the IAA 
contents of the chickpea plants. These increments may be because of the promoted 
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influence of chitosan on auxin-related gene expression, improved IAA biosynthesis and 
transport and decreased IAA oxidase activity (Li et al., 2019). 

Moreover, chitosan elevated ABA activity, which plays an important role in the 
regulation of the stomatal aperture and decreased the rate of transpiration when the plant 
is subjected to stress condition (Lim et al., 2015). These results are in harmony with Iriti 
et al. (2009) who reported that the application of chitosan increased the ABA content in 
bean leaves. Srivastava et al. (2009) observed that chitosan treatment improved the plant 
under water deficit. The participation of ABA in this operation is also proposed through 
the notice that chitosan and ABA have approximate signaling components, similar to 
calcium and ROS. Uthairatanakij et al. (2007) stated that the treatment with chitosan 
increased the length of the stalks of the orchid Dendrobium. Chitosan might stimulate a 
signal to synthesize plant hormones like gibberellins. 

 
Organic solutes 
The impact of chitosan (50, 100 & 150 mg L-1) increased significantly the organic 

solutes [proline (Pro) free amino acids (FAA) total soluble sugars (TSS) and total soluble 
protein (TSP)] in wheat plants when compared with untreated plants (Fig. 3, A, B, C, D). 
The maximum increases in organic solutes were noted by using 100 mg L-1 chitosan 
except proline was increased at 50 mg L-1 chitosan. 

Rising the osmolytes progress plant cells tolerance to the growth in sandy soil 
through enhancing osmotic pressure in the cytoplasm in addition to relative water 
contents is vital for plant growth. The present results are in harmony with their obtained 
by Geng et al. (2020) after chitosan application in Creeping bent-grass plants. Rabêlo, et 
al. (2019) reported that, chitosan induced an increment in the contents of soluble sugars, 
and soluble proteins during its function in enhancing the expression of enzymes that 
participated in glycolysis. In addition, It seems that chitosan improved the concentration 
of osmoprotectant compounds, whichplay a role in regulating plant osmosis and 
subsequently leading to better growth, yield and improved plant tolerance to 
environmental stress conditions (Li et al., 2017). Treatment with chitosan increased the 
accumulation of proline levels in the thyme plant (Bistgani et al., 2017). Chibu & 
Shiayama (2001) stated that these favorable influences the greater availability of amino 
compounds emitted from chitosan. Li et al. (2017 and Geng et al. (2020) reported that 
chitosan treatment promoted the production of metabolites and amino acids such as 
proline,γ-aminobutyric acid, aspartic acid, threonine, serine, isoleucine, valine, lysine, 
and phenylalanine on white clover under drought stress. Also, Hidangmayum et al. (2019) 
demonstrated that chitosan treatment promotes antioxidant enzymes via nitric oxide and 
hydrogen peroxide signaling pathways. It promotes the production of organic acids, 
sugars, amino acids and other metabolites that are essential for osmotic adjustment, 
stress signaling, and energy metabolism under stress. Abdallah et al. (2020a) found that 
the application of chitosan increased the protein content in the stressed wheat leaves. 

 
Total carbohydrates 
Data in (Fig. 3, E) showed that, chitosan with different concentrations increased 

significantly (P < 0.05) total carbohydrates. The highest values of carbohydrates were 
obtained at treatment with 100 mg L-1chitosan. These results are in agreement with those 
obtained by Abdallah et al. (2020b) andstated that foliar treatment of chitosan, significantly 
enhanced growth parameters, photosynthetic pigments and carbohydrate constituents in 
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sunflower plants. Leaf total carbohydrates were increased significantly in response to 
foliar chitosan application at 250 ppm on cowpea plants or 100 and 150 ppm on sour 
orange seedlings according to Farouk & Ramadan (2012) and Mohamed et al. (2018). 

 

 

 

 
 

 

 

 
 

 

Figure 3. Effect of different concentrations 
of chitosan (50, 100 and 150 mg L-1)on (A) 
proline, (B) total free amino acid, (C) total 
soluble sugars, (D) total soluble protein and 
(E) total carbohydrates as (mg 100 g-1 fresh 
wt) on wheat plant (Gimmeza 9) variety at 
75 days from sowing. The different letters 
(a–d) show statistical significance at p < 0.05; 
vertical bars indicate ± SE. 

 
Flavonoids and total phenol contents: 
The influence of various concentrations of chitosan (50, 100 & 150 mg L-1) on 

flavonoids and total phenol contents of wheat plant are shown in (Fig. 4, A & B). 
Chitosan significantly increased flavonoids and phenolic contents. The highest 
increment of flavonoids contents was achieved via foliar treatment with chitosan 
150 mg L-1 and phenol contents in 100 mg L-1. 

Phenolics are important constitutive with scavenging capability because of their 
hydroxyl groups, which might participate straight to their antioxidant properties that 
trigger a chain of secondary metabolites molded by shikimic acid or malonic acid cycles 
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like it has a cellular signaling function (Michalak, 2006). In this concern, Abdallah et al. 
(2020a) reported that chitosan application significantly raised phenolic compounds 
concomitantly with lipid peroxidation decrease (Fig. 4, D). Also, Hawrylak-Nowak et 
al. (2021) stated that, chitosan stimulated secondary metabolites as phenolic compounds 
by promoting specific genes that participate in the biosynthesis of secondary metabolites. 
Chitosan promotes metabolic pathways (e.g., phenylpropanoid) and may be involved in 
the signaling pathway for the biosynthesis of phenolics (Singh et al., 2020). Moreover, 
Chen et al. (2009) reported that chitosan treatment raised gene expression of 
phenylpropanoid and flavonoid biosynthesis in soybean sprouts. 

 

  
 

 

 

 
 

Figure 4. Effect of different concentrations of chitosan (50, 100 and 150 mg L-1) on flavonoids (A), 
total phenols (B) as (mg per 100 g fresh wt), total antioxidant activities (DPPH%) (C), and lipid 
peroxidation (µ mole per g fresh weight) (D) on wheat plant (Gimmeza 9) variety at 75 days from 
sowing. The different letters (a–d) show statistical significance at p < 0.05; vertical bars indicate ± SE. 

 
Total antioxidant activityand Lipid peroxidation 
Chitosan significantly increased total antioxidant activities with the increase of 

chitosan concentration (Fig. 4, C). The highest value of antioxidant activities was 
achieved by foliar treatment with chitosan (150 mg L-1). Fig. 4, D illustrated that foliar 
spraying with chitosan on wheat plant grown in sandy soil reduced significantly lipid 
peroxidation in treated plants than the untreated. This noticed gradual decrease in MDA 
contents was reported with rising concentrations of chitosan-sprayed plants. 

The current study indicated that chitosan treatment in wheat plants significantly 
reduced the malondialdehyde (MDA) content and increased antioxidant activities 
(Fig. 4, C, D). Xie et al. (2001) proposed that the antioxidant characteristic of chitosan 
are attributed mostly to its plentiful active hydroxyl and amino groups, that could interact 
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with ROS to compose constant and comparatively nontoxic macromolecular radicals. 
Chitosan treatment showed an important role in the inhibition of malondialdehyde 
content which is one of the decomposition products of polyunsaturated fatty acids 
(PUFA) of bio-membranes (Seckin et al., 2010) where PUFA which are the major 
membrane lipid constituents liable to peroxidation and decay. Moreover, Al-Tawaha et 
al. (2018) and Geng et al. (2020) reported that the treatment of chitosan significantly 
reduced lipid peroxidation by enhancing the antioxidant activities, directing to inhibited 
membrane permeability. 

The role of chitosan in inhibiting malondialdehyde contents may be due to that 
chitosan receptors are existing on the plasma membrane; however, through a signaling 
cascade, the chloroplast is the initial chitosan action organelle (Hadwiger, 2013). 
Charge-charge interactions among positively charged chitosan amine groups and 
negatively charged phospholipids stimulate a signal that will lead to the octadecanoid 
pathway activation; this metabolic pathway is straight correlated to reduced 
H2O2 forming (Almeida et al., 2020). 

 
Minerals contents 
Data in Fig. 5 (A, B, C, D) showed that, chitosan with different concentrations caused 

increases in percentage of nitrogen, phosphorus, potassium and calciumas compared 
with untreated ones. The highest levels of minerals were recorded with 100 mg L-1 chitosan 
application which caused an increase 47%, 11%, and 11% in N, K, and Ca respectively. 
Its worthy to mention that, 150 mg L-1 chitosan induced maximum increase of P by 54%. 

 

  
 

 

 

 
 

Figure 5. Effect of different concentrations of chitosan (50, 100 and 150 mg L-1) on minerals 
contents (Nitrogen % (A), phosphorus % (B), potassium % (C) and calcium % (D) as on wheat 
plant (Gimmeza 9) variety at 75 days from sowing. The different letters (a–d) show statistical 
significance at p < 0.05; vertical bars indicate ± SE. 
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Abdallah et al. (2020a) observed that chitosan application raisedN, P, K and Ca 
contents in the wheat plants grown in saline soil. Likewise, Farouk & Ramadan (2012) 
observed that chitosan significantly improved N and K contents in cowpea plants. The 
positive role ofchitosan in plant growth may be related to its influence in increasing 
nutrient uptake like N, P and K which play a substantial function in the biosynthesis and 
translocation of carbohydrates and promotes cell division, cell turgor, DNA and RNA 
(Farouk & Ramadan, 2012). 

 
Changes in yield and yield components 
The influences ofvarious concentration of chitosan (50, 100 & 150 mg L-1) on yield 

parameters of wheat plants are shown in (Table 4) Chitosan significantly improved 
(P < 0.05) all yield parameters e.g. [shoot length, spike length, spike weight, number of 
spikelets /spike, grain yield/ spike (g), 1,000 grains weight (g), straw yield, biological 
yield and grain yield (ton ha-1)] as compared with the control. The results indicated that 
the treatment with chitosan at the rate of (100 mg L-1) on wheat was more efficient in 
enhancing yield component properties except for shoot length (cm) which showed their 
increase with 150 mg L-1 treatment. Grains yield (ton ha-1) increased significantly 
(P < 0.05) by 31% with 100 mg L-1 chitosan foliar spray. 

 
Table 4. Effect of different concentrations of chitosan (50, 100 and 150 mg L-1) on yield 
component of wheatplant (Gimmeza 9) variety (combined analysis of two seasons) 

 
Chitosan application led to the increment in wheat yield might be because of its 

influences in activating physiological processes, progressing vegetative growth 
(Table 3), photosynthetic pigments (Fig. 1), endogenous phytohormones content (Fig. 2) 
and mineral contents (Fig. 5) of treated wheat plants followed by active translocation of 
photo-assimilates from source to sink tissues. Moreover, foliar application of chitosan 
improved yield and grain quality as shown from the nutrient elements, protein and 
carbohydrate contents in the grains (Fig. 6). In this respect Abdallah et al. (2020b) 
showed that chitosan exerts a significant role in ameliorating growth, photosynthetic 
effectiveness and chlorophyll contents,improved yield & yield component and water 
productivity in sunflower plants.Chitosan is supposed to be a growth regulator and a 
signal molecule, as well as its function as a highly efficient biomolecule (Gornik et al., 
2008). Moreover, The role of chitosan in improving the yield of the wheat plants may be 
due to increasing activities of key enzymes of nitrogen metabolism (nitrate reductase, 
glutamine synthetase, and protease) as well as meliorative translocation of nitrogen in 
the efficient leaves so raised plant growth and development (Sultana et al., 2017). 
Ghoname et al. (2010) found that chitosan foliar application in sweet pepper enhanced 
significantly the fruits quantity and quality. Also, seed soaking and foliar spraying with 

Chitosan 
mg L-1 
 

Shoot 
length 
(cm) 

Spike 
length 
(cm) 

Spike 
wt.  
(g) 

No. of 
spikelets 
/spike 

Grain 
yield 
/spike(g) 

1,000 
grains 
weight 
(g) 

Straw 
yield, 
ton ha-1 

Straw 
yield,  
ton ha-1 

Grain 
yield, 
ton ha-1 

WP,  
% 
 

Control 85.4d 9.2d 2.74d 16.0d 2.247d 44.82d 5.195d 9.751d 4.505d 0.747d 
50  86.5c 9.8c 3.36c 17.3c 2.96c 51.08c 6.501c 11.658c 5.153c 0.864c 
100  89.3b 11.8a 4.09a 19.3a 3.283a 52.66a 7.058a 12.866a 5.832a 0.975a 
150  92.4a 10.2b 3.58b 19.0b 2.993b 51.41b 6.68b 12.234b 5.550b 0.937b 
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chitosan at various growth stages in wheat (Triticum aestivum L.) improved the yield 
components (Ma et al., 2014). 
 

Water productivity (WP) 
The present work showed that wheat plants treated with various concentrations of 

chitosan raised significantly water productivity in contrast with the untreated plants 
(Table 4). 

Abdallah et al. (2020a) observed that foliar treatment with chitosan raised the water 
productivity of wheat. This increase may be due to the chitosan inhibited transpiration 
by stimulating the closure of stomata. The obtained results suggested that chitosan 
mightbe effective as anti-transparent which means keeping water to utilize in agriculture 
(Abdallah et al., 2020b). Geng et al. (2020) found that chitosan application promoted 
WP and carbohydrates in creeping bent-grass. 

 
Nutritious value of the grains yield 
Foliar spraying for chitosan increased (P < 0.05) significantly carbohydrate %, 

protein %, lycopene %, flavonoids %, of the grains wheat (Fig. 6, A, B, C, D). It seems 
from data that 100 mg L-1 foliar treatment was the most efficient to increase 
carbohydrates, lycopene, flavonoids, by 12.3%, 51.1%, and 77.3%respectively. 
Meantime, protein contentincreased by 19.9%resulted from grains of plants treated with 
150 mg L-1 chitosan (Fig. 6, B). 

 

 

 

 
 

 

 

 
 

Figure 6. Effect of different concentrations of chitosan (50, 100 and 150 mg L-1) on 
Carbohydrate % (A), Protein %(B), Lycopene % (C),Flavonoids % (D)in grain yield on wheat 
plant (Gimmeza 9) variety (combined analysis of two seasons). The different letters (a–d) show 
statistical significance at p < 0.05; vertical bars indicate ± SE. 
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Foliar spraying of chitosan increased (P < 0.05) significantly carbohydrate % and 
protein % of the wheat grains (Fig. 6, A, B). Abdallah et al. (2020b), found that application 
of chitosan increased carbohydrates % and protein %in the yielded wheat grains. 

Antioxidant compounds (lycopene and flavonoids) increased in wheat grains in 
response to various concentrations of chitosan (Fig. 6, C, D). Lycopene and flavonoids 
are considered plant secondary metabolites of phenolic nature which havingantioxidant 
properties, include cell signaling and communication. These results agree with that of  
Abdallah et al. (2020a) on wheat cultivars. Padayatty et al. (2003) recorded that, 
flavonoids in the human diet inhibit the danger of different cancers and avoid 
menopausal symptoms so the high contents of flavonoids have a much significant 
influence on human health. 

 
Mineral contents of the grains yield: 
Foliar spraying of chitosan increased (P < 0.05) significantly N%, P%, K% and Ca% 

of the wheat grains (Fig. 7, A, B, C, D). It seems from the data in (Fig. 7, A, C) chitosan 
that 150 mg L-1 gave the most efficient increment inN and K% by 20.6 and 32.2% 
respectively. Meantime, the increase in P% and Ca% was 28.6% and 27.0%, respectively 
resulted from grains of plants treated with 100 mg L-1 chitosan (Fig. 7, B, D). 

 

  
 

 

 

 
 

Figure 7. Effect of different concentrations of Chitosan (50, 100 and 150 mg L-1) on Nitrogen % 
(A), Phosphorus % (B), Potassium % (C) and Calcium % (D) in grain yield on wheat plant 
(Gimmeza 9) variety (combined analysis of two seasons).The different letters (a–d) show 
statistical significance at p < 0.05; vertical bars indicate ± SE. 
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Foliar application of wheat plants grown in sandy soil with chitosan might work as 
fertilizer sources that enables the plant to overcoming the unfavorable conditions of 
thesoil such as deficiency in nutrients required for plant growth and development and 
consequently its yield and quality. Abdallah et al. (2020a) found that the application of 
chitosan increased the contents of N, P and K in wheat grains under water stress. Also, 
Farouk & Ramadan (2012) demonstrated that chitosan increased significantly N and K 
contents in cowpea plants. This may be due to the role of chitosan to stimulate plant 
growth, uptakeand transport of nutrients and photosynthesis efficiency (Guan et al., 
2009). 
 

Correlation Matrix 
Pearson’s correlation coefficients of grain yield among all deliberate characters of 

wheat plants growing in sandy soil conditions and three chitosan levels are presented in 
(Fig. 8). There was observed a potent correlation among grain yield and all of the related 
studied traits, i.e., shoot length, leaf No/plant, tiller fresh and dry wt, Chl a, Chl b, Car, 
total chl, IAA, ABA, GA, Cyt, FAA, TSS, total carbohydrates, protein, N%, P%, Ca%, 
flavonoids, total phenol, DPPH%, nutritional values in wheat grains (N%, P%, K%, 
Ca%, Carb%, Protein%, and flavonoids) which are highly positively associated with 
grain yield. However, RWC, proline andK% in wheat leaves and lycopene in nutritional 
value in grain yield are positive between grain yield.Moreover, there was a negative 
association among grain yield and lipid peroxidation. 

 

Figure 8. Pearson’s correlation coefficients between all studied characters of wheat plants 
growing in three chitosan levels (50, 100 and 150 mg L-1). 

 
CONCLUSION 

 
Chitosan is a low toxic and cheap substance that is biodegradable and 

environmentally friendly. Adding exogenous chitosan is an inexpensive and efficient 
measure which improved growth and yield of wheat plants. Chitosan significantly affects 
some metabolic processes; it enhances plant growth and development through enhancing 
photosynthesis, endogenous phytohormones, protein synthesis and ions uptake. 

  

 

-1
-0.8
-0.6
-0.4
-0.2

0
0.2
0.4
0.6
0.8

1
1.2

T
ill

er
 F

r 
w

t.
til

le
r/

dr
y 

w
t

R
W

C
 %

T
o

ta
l C

hl
IA

A
A

B
A

G
A

C
yt

ok
in

in
pr

ol
in

e
F

A
A

T
S

S
T

o
ta

l C
ar

b
P

ro
te

in
N

%
P

%
K

%
C

a%
F

la
vo

no
id

s
T

o
ta

l P
h

en
ol

D
P

P
H

%
Li

pi
d 

pe
ro

xi
da

tio
n

G
ra

in
 W

t./
S

pi
ke

 (
g)

W
t. 

10
0

0 
gr

a
in

s
S

tr
a

w
 y

ie
ld

B
io

lo
g

ic
al

 y
ie

ld
W

P
N

 %
P

%
K

%
C

a%
C

ar
%

P
ro

te
in

%
Ly

co
pe

ne
%

fla
vo

no
id

s 
%

Morphology
Biochemicals in wheat leaves Yield componentNutritional value in grain

Grain yield (ton/ha)

Nutritional value in  
grain yield 

Yield  
component 

Grain yield (ton ha-1)   

Morphology 



56 

Chitosan-induced increase in osmoprotectants and secondary metabolites such as 
antioxidant compounds (lycopene, flavonoids and total phenol) and antioxidant activities 
played an essential role in contributing to enhanced growth, yield and water productivity 
in the wheat plants. Additionally, the antioxidants decrease the malondialdehyde levels 
in wheat plants. The application of chitosan increased significantly the carbohydrate, 
protein, flavonoids, N, P, K and Ca of the wheat grains. Chitosan at a concentration of 
100 mg L-1, was the most effective to be appliedas a foliar to wheat plants growing under 
sandy soil conditions. The perspective of sustainable crop production and rising 
agricultural yield with inexpensive contributions are farmers' requests for cultivating 
wheat plants under sandy soil conditions. This study illustrates the possible roles of 
chitosan in increasing the horizontal expansion of plant cultivation in the sandy soils. 
The results of the article can be implemented on a large scale in the new lands and the 
application of sustainable farming methods are safer to the environment. Thus using 
chitosan help to solve the problem of the bad properties of sandy soils and food gap. It 
can finally help in filling the food gap of grain crops in the third world. 

 
REFERENCES 

 
Abbas, S.M. 2013. The influence of biostimulants on the growth and on the biochemical 

composition of Vicia faba CV. Giza 3 beans. Rom. Biotechnol. Lett. 18, 8061–8068. 
file:///C:/Users/HP/Downloads /Documents/1%20Salwa%20Mohamed.pdf  

Abdallah, M.M.S, El-Bassiouny, H.M.S., Bakry, B.A. & Sadak, M.Sh. 2015. Effect of 
Arbuscular Mycorrhiza and Glutamic Acid on Growth, Yield, Some Chemical Composition 
and Nutritional Quality of Wheat Plant Grown in Newly Reclaimed Sandy Soil. Research 
Journal of Pharmaceutical, Biological and Chemical Sciences 6(3), 1038–1054. 
doi.org/10.33887 

Abdallah, M.M.S., Ramadan, A.A.E., El-Bassiouny, H.M.S. & Bakry, A.B. 2020a. Regulation of 
antioxidant system in wheat cultivars by using chitosan or salicylic acid to improve growth 
and yield under salinity stress. Asian Journal of Plant Sciences 19(2), 114–126. 
doi: 10.3923/ajps.2020.114.126 

Abdallah, M.M.S., Bakry, B.A., El-Bassiouny, H.M.S. & Abd El-Monem, A.A. 2020b.  
Growth, yield and biochemical impact of anti-transpirants on sunflower plant grown  
under water deficit. Pakistan journal of biological sciences 23, 454–466. 
doi: 10.3923/pjbs.2020.454.466 

Al-Tawaha, A.R., Turk, M.A., Al-Tawaha, A.R.M., Alu’datt, M.H., Wedyan, M., Al-Ramamneh, E. 
& Hoang, A.T. 2018. Using chitosan to improve growth of maize cultivars under salinity 
conditions. Bulg. J. Agric. Sci. 24, 437–442. 
https://www.researchgate.net/publication/325718929 

Allen, G.R., Jensen, E., Wright, J.L. & Burman, R.D. 1989. Operational estimates of reference 
evapotranspiration. Agronomy journal 81, 650–662. 
doi:10.2134/agronj1989.00021962008100040019x 

Almeida, L.G., Magalhaes, P.C., Karam, D., Marcos da Silva, E. & Alvarenga, A.A. 2020. 
Chitosan application in the induction of water deficit tolerance in maize plants. Acta Sci. 
Agron 42:e42463. https:// doi. org/ 10. 4025/ actas ciagr on. v42i1. 42463 

Aranaz, I., Mengibar, M., Harris, R., Panos, I., Mi-ralles, B., Acosta, N., Galed, G. & Heras, A. 
2009. Functional characterization of chitin and chitosan. Curr. Chem. Biol. 3, 203–230. 
doi: 10.2174/187231309788166415 



57 

Badawy, M.E.I. & Rabea, E.I.A. 2011. A biopolymer chitosan and its derivatives as promising 
antimicrobial agents against plant pathogens and their applications in crop protection.  
Int. J. Carbohydr. Chem. Volume 2011, ID 460381, 1–29. doi: 10.1155/2011/460381 

Bates, L.S., Waldren, R.P. & Teare, I.D. 1973. Rapid determination of free proline for water-stress 
studies. Plant Soil 39, 205–207. http://dx.doi.org/10.1007/BF00018060 

Behboudi, F., Sarvestani, Z.T., Kassaee, M.Z., Sanavi, S.A.M., Sorooshzadeh, A & Ahmadi, S.B. 
2018. Evaluation of chitosan nanoparticles effects on yield and yield components of barley 
(Hordeum vulgare L.) under late season drought stress. J. Water Environ Nanotechnol. 3(1), 
22–39. https:// doi. org/ 10. 22090/ jwent. 2018. 01. 003 

Bistgani, Z.E., Siadat, S.A., Bakhshandeh, A., Pirbalouti, A.G. & Hashemi, M. 2017. Interactive 
effects of drought stress and chitosan application on physiological characteristics  
and essential oil yield of Thymus daenensis Celak. Crop J. 5(5), 407–415. 
doi: 10.1016/j.cj.2017.04.003 

Boonlertnirum, S., Meechoul, S. & Sarobol, E. 2010. Physiological and morphological responses 
of field corn seedlings to chitosan under hypoxic conditions. Sci. Asia 3, 89–93. 
doi: 10.2306/scienceasia1513–1874.2010.36.089 

Chapman, H.D. & Pratt, P.F. 1978. Methods of analysis for soils, plant and water. California 
Univ. Division Agric. Sci. 4034 pp. 50 and 169. 
https://www.scirp.org/(S(vtj3fa45qm1ean45vvffcz55))/reference/ReferencesPapers.aspx?
ReferenceID=1396955 

Chen, H., Seguin, P., Archambault, A., Constan, L. & Jabaji, S. 2009. Gene expression and 
isoflavone concentrations in soybean sprouts treated with chitosan. Crop Sci. 49, 224–236. 
doi: 10.2135/cropsci2007.09.0536 

Chibu, H. & Shibayama, H. 2003. Effect of chitosan application on growth of several crops. In 
chitin and chitosan in life science, Uragami, T.,K. Kurita and T. Fukamizo (Eds). Kodansha 
Scientific LTd., Japan, ISBN:4-906464-43-0, 235–239. 

Delaunois, B., Farace, G., Jeandet, P., Clement, C., Baillieul, F. & Doprey, S. 2014. Cordelier S. 
Elicitors as alternative strategy to pesticides in grapevine? Current knowledge of their mode 
of action from controlled conditions to vineyard. Environ. Sci. Pollut. Res. 21, 4837–4846. 
doi: 10.1007/s11356-013-1841-4. 

Dewanto, V., Wu, X., Adom, K.K. & Liu, R.H. 2002. Thermal processing enhances the  
nutritional value of tomatoes by increasing total antioxidant activity. J. Agric. Food Chem. 
50, 3010–3014. http://dx.doi.org/10.1021/jf0115589 

Dias, A.M.A., Cortez, A.R., Barsan, M.M., Santos, J.B., Brett, C.M.A. & De Sousa, H.C. 2013. 
Development of greener multi-responsive chitosan bio-materials doped with  
biocompatible ammonium ionic liquids. ACS Sustainable Chem. Eng. 1, 1480–1492. 
https://doi.org/10.1021/sc4002577 

DuBois, M., Gilles, K.A., Hamilton, J.K., Rebers, P.A. & Smith, F. 1956. Colorimetric method 
for determination of sugars and related substances. Anal. Chem. 28, 350–356. 

Dzung, N.A., Khanh, V.T.P. & Dzung, T.T. 2011. Research on impact of chitosan oligomers  
on biophysical characteristics, growth, development and drought resistance of  
coffee Carbohydr. Polym. 84, 751–755. https://agris.fao.org/agris-search/search.do? 
recordID=US201600049976 

Faqir, Y.H., Ma, J.H. & Chai, Y.L. 2021. Chitosan in modern agriculture production. Plant Soil 
Environ 67. 679–699. https://doi.org/10.17221/332/2021-PSE 

Farouk, S. & Ramadan, A. 2012. Improving growth and yield of cowpea by foliar application of 
chitosan under water stress. Egypt. J. Biology 14, 14–26. doi:10.4314/ejb.v14i1.2 

Geng, W., Li, Z., Hassan, M.J. & Peng, Y. 2020. Chitosan regulates metabolic balance, 
polyamine accumulation, and Na+ transport contributing to salt tolerance in creeping 
bentgrass. BMC Plant Biol. 20, 506. https://doi.org/10.1186/s12870-020-02720-w 



58 

Ghoname, A.A., El-Nemr, M.A., Abdel-Mawgoud, A.M.R. & El-Tohamy, WA. 2010. Enhancement 
of sweet pepper crop growth and production by application of biological, organic and 
nutritional solutions. Res. J. Agri.c Bio. Sci. 6, 349–355. http://www.aensiweb.net › rjabs › 
2010 › 349–355 pdf 

Gornik, K., Grzesik, M. & Duda, B.R. 2008. The effect of chitosan on rooting of grapevine 
cuttings and on subsequent plant growth under drought and temperature stress. J. Fruit 
Ornament Plant Res. 1, 333–343. https://www.researchgate.net/publication/285452054 

Guan, Y., Hu, J., Wang, X. & Shao, C. 2009. Seed priming with chitosan improves maize 
germination and seedling growth in relation to physiological changes under low temperature 
stress. J. Zhejiang Univ. Sci. B, 10, 427–433. doi:10.1631/jzus.B0820373 

Hadwiger, L.A. 2013. Multiple effects of chitosan on plant systems: Solid science or hype. Plant 
Science 208, 42–49. doi: 10.1016/j.plantsci.2013.03.007 

Hawrylak-Nowak, B., Dresler, S., Rubinowska, K. & Matraszek-Gawron, R. 2021. Eliciting effect 
of foliar application of chitosan lactate on the phytochemical properties of Ocimum basilicum 
L. and Melissa officinalis L. Food Chem. 342, 128358. doi: 10.1016/j.foodchem.2020.128358 

Hidangmayum, A., Dwivedi, P., Katiyar, D. & Hemantaranjan, A. 2019. Application of chitosan 
on plant responses with special reference to abiotic stress. Physiol Mol Biol Plants 25,  
313–326. https://doi.org/10.1007/s12298-018-0633-1 

Howell, T.A., Cuence, R.H. & Solomon, K.H. 1990. Crop Yield Response. In: Management of 
Farm Irrigation Systems, Hoffman, G.J., T.A. Howell and K.H. Solomon (Eds.). ASAE, St. 
Joseph, MI., USA., pp. 312. 

Iriti, M., Picchi, V., Rossoni, M., Gomarasca, S., Ludwig, N., Gargano, M. & Faoro, F. 2009. 
Chitosan antitranspirant activity is due to abscisic acid-dependent stomatal closure. Environ 
Exp Bot. 66, 493–500. https://doi.org/10.1016/j.envexpbot.2009.01.004 

Iglesias, M.J., Colman, S.L., Terrile, M.C., París, R., Martín-Saldaña, S., Chevalier, A.A., 
Alvarez, V.A. & Casalonguè, C.A. 2019. Enhanced properties of chitosan microparticles 
over bulk chitosan on the modulation of the auxin signaling pathway with  
beneficial impacts on root architecture in plants. J. Agric. Food Chem. 67, 6911–6920. 
doi: 10.1021/acs.jafc.9b00907 

Jin, X., Shi, C., Yu, C.Y., Yamada, T. & Sacks, E.J. 2017. Determination of Leaf Water Content 
by Visible and Near-Infrared Spectrometry and Multivariate Calibration in Miscanthus. 
Front. Plant Sci. 8, 721. doi: 10.3389/fpls.2017.00721 

Karimi, S., Abbaspour, H., Sinaki, J.M. & Makarian, H. 2012. Effects of water deficit and 
chitosan spraying on osmotic adjustment and soluble protein of cultivars castor bean 
(Ricinus communis L.). J. Physiol. Biochem. 8, 160–69. 
https://doaj.org/article/ce700e4587eb4d3d8d3569db90a03b00 

Ke, L., Xiang Yang, L. & LiSha, P. 2001. Effects of carboxymethyl chitosan on key enzymes 
activities of nitrogen metabolism and grain protein contents in rice. J. Hunan Agric. Univ. 
27, 421–424. https://www.semanticscholar.org/paper/Effects-of-Carboxymethyl-Chitosan-
on-Key-Enzymes-of-Xiang-yang/9876f0ba 584b36d677a074f 

Keller, J. & Karmeli, D. 1975. Trickle Design. Rain Bird Sp. Man. Glendora, CA, U.S.A. 
https://www.scirp.org/(S(351jmbntvnsjt1aadkposzje))/reference/ReferencesPapers.aspx?R
eferenceID=1257509 

Li, Y. & Chen, M., 2015. Novel chlorophylls and new directions in photosynthesis research. 
Funct. Plant Biol. 42, 493–501. doi: 10.1071/FP14350 

Li, R., He, J., Xie, H., Wang, W., Bose, S.K., Sun, Y., Hu, J. & Yin, H. 2019. Effects of  
chitosan nanoparticles on seed germination and seedling growth of wheat  
(Triticum aestivum L.). International Journal of Biological Macromolecules 126, 91–100. 
doi: 10.1016/j.ijbiomac.2018.12.118. Epub 



59 

Li, Z., Zhang, Y., Zhang, X., Merewitz, E., Peng, Y., Ma, X. & Yan, Y. 2017. Metabolic 
pathways regulated by chitosan contributing to drought resistance in white clover.  
J. Proteome Res 16(8), 3039–3052. doi: 10.1021/acs.jproteome.7b00334 

Lim, C.W., Baek, W., Jung, J., Kim, J.H. & Lee, S.C. 2015. Function of ABA in stomatal  
defense against biotic and drought stresses. Int. J. Mol. Sci. 16, 15251–15270. 
doi: 10.3390/ijms160715251 

Liyana-Pathiranan, C.M. & Shahidi, F. 2005. Antioxidant activity of commercial soft and hard 
wheat (Triticum aestivum L.) as affected by gastric pH conditions. Journal of Agricultural 
and Food Chemistry 53, 2433–2440. doi: 10.1021/jf049320i 

Lopez-Moya, F., Escudero, N., Zavala-Gonzalez, E.A., Esteve-Bruna, D., Blázquez, M.A., 
Alabadí, D. & Lopez-Llorca, L.V. 2017. Induction of auxin biosynthesis and WOX5 
repression mediate changes in root development in Arabidopsis exposed to chitosan. Sci. 
Rep. 7, 16813. doi: 10.1038/s41598-017-16874-5 

Ma, B., Wang, J., Liu, C., Hu, J., Tan, K., Zhao, F., Yuan, M., Zhang, J. & Gai, Z. 2019. 
Preventive effects of fluoro-substituted benzothiadiazole derivatives and chitosan 
oligosaccharide against the rice seedling blight induced by Fusarium oxysporum. Plants 8, 
538. doi: 10.3390/plants8120538 

Ma, L.J., Li, Y.Y., Wang, L.L., Li, X.M., Liu, T. & Bu, N. 2014. Germination and physiological 
response of wheat (Triticum aestivum L.) to pre-soaking with oligochitosan. International 
Journal of Agricultural Biology 16, 766–770. https://www.cabdirect.org › abstract › 
20143245171 

Mæhre, H.K., Dalheim, L., Edvinsen, G.K., Elvevoll, E.O. & Jensen, I.J. 2018. Protein 
determination-method matters. Foods 7(1), 5. https: //doi.org/ 10.3390/ foods 7010005 

Mecozzi, M., 2005. Estimation of total carbohydrate amount in environmental samples by the 
phenol-sulphuric acid method assisted by multivariate calibration. Chemom. Intell. Lab. 
Syst. 79, 84–90. doi: 79. 10.1016/j.chemolab.2005.04.005 

Michalak, A. 2006. Phenolic compounds and their antioxidant activity in plants growing under 
heavy metal stress. Polish Journal of Environmental Studies 15, 523–530. 
http://www.pjoes.com/Phenolic-Compounds-and-Their-Antioxidant-Activity-in-Plants- 
Growing-under-Heavy-Metal,87899,0,2.html 

Mohamed, S.A., Ahmed, H.S. & El-Baowab, A.A. 2018. Effect of Chitosan, Putrescine and 
Irrigation Levels on the Drought Tolerance of Sour Orange Seedlings. Egypt. J. Hort. 45(2), 
257–273. doi: 10.21608/EJOH.2018.3063.1050 

Mondal, M.M.A., Malek, M.A., Puteh, A.B., Ismail, M.R., Ashrafuzzaman, M. & Naher, L. 
2012. Effect of foliar application of chitosan on growth and yield in okra. Aust. J. Crop 6, 
918–921. https://www.researchgate.net/publication/260347226_ 

Muthukrishnan, S., Murugan, I. & Selvaraj, M. 2019. Chitosan nanoparticles loaded with 
thiamine stimulate growth and enhances protection against wilt disease in Chickpea. 
Carbohydr. Polym. 212, 169–177. https://doi.org/10.1016/j.carbpol.2019.02.037 

Nagata, M. & Yamashita, I. 1992. Simple method for simultaneous determination of  
chlorophyll and carotenoids in tomato fruit. J. Jpn. Soc. Food Sci. Technol. 39, 925–928. 
cse.naro.affrc.go.jp/mnagata/pigment2.pdf 

Nguyen Van, S., Dinh Minh, H. & Nguyen Anh, D. 2013. Study on chitosan nanoparticles on 
biophysical char-acteristics and growth of Robusta coffee in green house. Biocatal. Agric. 
Biotechnol. 2, 289–294. http://dx.doi.org/10.1016/j.bcab.2013.06.001 

Padayatty, S., Katz, A., Wang, Y., Eck, P., Kwon, O., Lee, J., Chen, S., Dutta, S. & Levine, M. 
2003. Vitamin C as an antioxidant evaluated of its role in disease prevention. J. of Am. 
College of Nutrition 22, 18–35. doi: 10.1080/07315724.2003.10719272 



60 

Paul, V., Ramesh, K.V. & Pandey, R. 2017. Analysis of mineral nutrients: Sampling techniques and 
method of digestion for plant samples. Manual of ICAR Sponsored Training Programme 
on ‘Physiological Techniques to Analyze the Impact of Climate Change on Crop Plants’ 
16–25, January, 2017, Division of Plant Physiology, IARI, New Delhi. 
10.13140/RG.2.2.23335.44967 

Rabêlo, V.M., Magalhães, P.C., Bressanin, L.A., Carvalho, D.T., dos Reis, C.O., Karam, D., 
Doriguetto, A.C., dos Santos, M.H., dos Santos, P.R.S.F. & de Souza, T.C. 2019.The foliar 
application of a mixture of semisynthetic chitosan derivatives induces tolerance to water 
deficit in maize, improving the antioxidant system and increasing photosynthesis and grain 
yield. Sci. Rep. 9, 1–13. doi: 10.1038/s41598-019-44649-7 

Ramadan, A.A.E., El-Bassiouny, H.M.S., Bakry, B.A. & Abdallah, M.M.S. 2020. Growth, yield 
and biochemical changes of soybean plant in response to iron and magnesium oxide 
nanoparticles. Pakistan Journal of Biological Sciences 23(3), 406–417. 
doi: 10.3923/pjbs.2020.406.417 

Saleh, Y.G., Nasr, A.S., Zaki, H.T., Mohamed, M.I. & Kandile, N.G. 2016. Extraction and 
Characterization of Chitosan from Shrimp Shells (Egypt : case study) J. of Scientific 
Research in Science 33, 396–407. doi: 10.21608/JSRS.2016.17145 

Seckin, B., Turkan, I., Sekmen, A.H. & Ozfidan, C. 2010. The role of antioxidant defense 
systems at differential salt tolerance of Hordeum marinum (sea barley grass) and Hordeum 
vulgare L. (cultivated barley). Environmental and Experimental Botany 69, 76–85. 
https://doi.org/10.1016/j.envexpbot.2010.02.013 

Sheikha, S.A. & Al-Malki, F.M. 2011. Growth and chlorophyll responses of bean plants to chitosan 
applications. Eur. J. Sci. Res. 50, 124–134. 
URL: https://s3.amazonaws.com/zanran_storage/www.eurojournals.com/ContentPages/22
60576305.pdf 

Siddiqui, N., Rauf, A., Latif, A. & Mahmood, Z. 2017. Spectrophotometric determination  
of the total phenolic content, spectral and fluorescence study of the herbal Unani  
drug Gul-e-Zoofa (Nepeta bracteata Benth). J. Taibah Uni. Med. Sci. 12, 360–363. 
https://doi.org/10.1016/j.jtumed.2016.11.006 

Singh, M., Poddar, N.K., Singh, D. & Agrawal, S. 2020. Foliar application of elicitors enhanced 
the yield of withanolide contents in Withania somnifera (L.) Dunal (variety. Poshita). 3 
Biotech 10, 157. doi: 10.1007/s13205-020-2153-2 

Srivastava, N., Gonugunta, V.K., Puli, M.R. & Raghavendra, A.S. 2009. Nitric oxide production 
occurs downstream of reactive oxygen species in guard cells during stomatal closure 
induced by chitosan in abaxial epidermis of Pisum sativum. Planta 229, 757–765. 
doi: 10.1007/s00425-008-0855-5 

Steel, R.G.D. & Torrie, J.H. 1980. Principles and procedures of statistics, A biometrical 
approach, 2nd Edition, McGraw-Hill Book Company, New York, USA. 
https://doi.org/10.1002/bimj.19620040313 

Suarez-Fernandez, M., Marhuenda-Egea, F.C., Lopez-Moya, F., Arnao, M.B., Cabrera-
Escribano, F., Nueda, M.J., Gunsé, B. & Lopez-Llorca, L.V. 2020. Chitosan Induces Plant 
Hormones and Defenses in Tomato Root Exudates. Front. Plant Sci. 11, 572087. 
doi: 10.3389/fpls.2020.572087 

Sultana, S., Islam, M., Khatun, A., Hassain, A. & Huque, R. 2017. Effect of foliar application of 
oligo-chitosan on growth, yield and quality of tomato and eggplant. Asian J. Agric. Res. 11, 
36–42. https://doi.org/10.3923/ajar.2017.36.42 

Tarkowská, D., Novák, O., Floková, K., Tarkowski, P., Tureková, V., Grúz, J., Rolčík, J. & 
Strnad, M. 2014. Quo vadis plant hormone analysis? Planta 240, 55–76. doi: 10.1007/s00425-
014-2063-9 

Tarkowski, P., Ge, L., Yong, J.W.H. & Tan, S.N. 2009. Analytical methods for cytokinins. 
Trends Anal. Chem. 28, 323–335. 10.1016/j.trac.2008.11.010 



61 

Urbanová, T., Tarkowská, D., Novák, O., Hedden, P. & Strnad, M. 2013. Analysis of gibberellins 
as free acids by ultra-performance liquid chromatography-tandem mass spectrometry. 
Talanta 112, 85–94. doi: 10.1016/j.talanta.2013.03.068 

Uthairatanakij, A., Teixeira Da Silva, J.A. & Obsuwan, K. 2007. Chitosan for improving  
orchid production and quality. Orchid Sci. Biotechnol. 1, 1–5. 
https://www.researchgate.net/publication/283515183 

Vartanian, N., Hervochon, P. & Marcotte, L. & Larher, F. 1992. Proline accumulation during 
drought rhizogenesis in Brassica napus var. oleifera. J. Plant Physiol. 140, 623–628. 
http://dx.doi.org/10.1016/S0176-1617(11)80799-6 

Wang, Y.S., Ding, M.D., Gu, X.G., Wang, J.L., Pang, Y., Gao, L.P. & Xia, T. 2013. Analysis of 
interfering substances in the measurement of malondialdehyde content in plant leaves. Am. 
J. Biochem. Biotechnol. 9, 235–242. doi:10.3844/ajbbsp.2013.235.242 

Xie, W.M., Xu, P. & Liu, Q. 2001. Antioxidant activity of water-soluble chitosan derivatives 
Bioorg. Med. Chem. Lett. 11, 1699–1701. doi: 10.1016/s0960-894x(01)00285-2 

Yemm, E.W., Cocking, E.C. & Ricketts, R.E. 1955. The determination of amino-acids with 
ninhydrin. Analyst 80, 209–214. http://dx.doi.org/10.1039/an9558000209 

Zayed, M.M., Elkafafi, S.H., Zedan, A.M.G. & Dawoud, S.F.M. 2017. Effect of nano chitosan 
on growth, physiological and biochemical parameters of Phaseolus vulgaris under salt 
stress. J. Plant Prod. 8, 577–585. doi: 10.21608/JPP.2017.40468 

Zhang, H., Tan, S.N., Teo, C.H., Yew, Y.R., Ge, L., Chen, X. & Yong, J.W.H. 2015.  
Analysis of phytohormones in vermicompost using a novel combinative sample  
preparation strategy of ultrasound-assisted extraction and solid-phase extraction  
coupled with liquid chromatography-tandem mass spectrometry. Talanta 139, 189–197. 
10.1016/j.talanta.2015.02.052 

 
 
 


