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ABSTRACT

A field experiment was conducted during Winter season 2019/2020 at the Research and Production
Station, National Research Centre, El-Nubaria Province, El-Behira Governorate, Egypt to investigate
the different roles played by either bulk chitosan (CHT) (3000,5000, 7000,9000 ppm), or its nano-form
(25,50,75,100,200 ppm) on growth, flowering, quality and quantity of the yielded seeds of Brassica
napus L plant (cv. Serw 4) grown under sandy soil conditions. The results obtained in the present work
indicate a significant positive effect of the relatively low concentrations of bulk chitosan (3000, 5000
ppm) and nano-chitosan (25, 50 ppm) on different growth, flowering, and fruiting attributes of Brassica
napus. plants. Maximum response was attained upon using 5000 ppm of bulk CHT and 50 ppm of nano
CHT. Upon applying the relatively highest concentration (9000 ppm of bulk CHT and 200 ppm of nano
CHT), it was noted that growth, flowering, and fruiting parameters were negatively affected. CHT
treatment proved its efficiency of increasing Brassica napus yield by 85.93% and 71.1%, in response
to 5000 ppm of bulk CHT and 50 ppm of nano CHT, respectively beside improvement of the better
consumer properties of Brassica napus yielded seeds with regard to increase content of oil, total
carbohydrate, protein-N, nitrogen, phosphorous, potassium and increase of oleic acid content.
Regarding the change in erucic acid content, the data obtained indicate appreciable increase and
decrease in response to bulk CHT and nano CHT, respectively. The resultant defatted meal (seed cake)
contained a relatively low content of glucosinolates. It could be concluded that 5000 ppm of bulk CHT
and 50 ppm of nano CHT may be used to increase the quality and quantity of the yielded Brassica napus
seeds grown under sandy soil conditions.
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1. Introduction

Plant oils represent a major agricultural commodity worldwide, with several nutritional and
industrial uses. They constitute a significant portion of the daily human caloric intake and the raw
materials for a variety of industries as surfactants, plastics, lubricants, biofuels, soaps, detergents, and
paint industries. Egypt imports 2.5 million tons of oil annually as it produces less than 10 per cent of
its consumption of vegetable oil. Only, about 48.5 thousand tons of this quantity is produced by oilseed
extraction in local extraction plants (El-Hamidi et al, 2020). In view of the rapid increase in the
population in Egypt whereby Egypt's population grows by approximately 1.5 million people each year
and in view of the fact that the consumption rate per capita of edible oils has been progressively
increased in recent years, the consumption rate of edible oil has been greatly increased (El-Hamidi and
Zaher, 2018). This issue became terrible because of the reliance of the edible oil industry in Egypt on
imported crude materials. Thus, there is the need for both expansion of land cultivated with the oily
plants through utilizing the newly reclaimed lands and the increase in plant productivity via its treatment
with growth regulating substances.
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Cultivation of canola (Brassica napus L.) may provide an opportunity to cover some of the local
deficit of vegetable edible oil production. Since, Brassica napus (oil seed rape) represents one of the
important oily edible crops that are well adapted to grow under severe winter conditions (Sharaan et
al., 2002). Moreover, they are less exhaustive of soil nutrients, compared with cereals. Canola has
become one of the most important oilseed crops worldwide (Kandil and Gad, 2012). Canola oil is the
third largest vegetable oil after palm and soybean (Wittenberger, 2012). The oil content of canola seeds
varies between 38 and 44%; having a relatively high level of oleic acid (60%), omega-3 (9-11%)
(Dawood, 2005; Johnson ef al., 2007). Thus, canola oil is the most favorable of vegetable oils that has
beneficial role as a part of a nutritious diet (Hodson et al., 2001; Iggman et al., 2011). Major advantage
of growing canola is that it has an already established market for vegetable oil and other non-food uses
such as industrial lubricants, cosmetics, candles etc., in addition to also being extensively developed as
a biofuel feedstock (Chaganti et al., 2021). Canola meal (cake after the oil is extracted) is a good source
of protein, containing 38 to 42% protein. It can be used as a protein source in animal feeds or as an
organic fertilizer. The meal protein has a reasonably balanced amino acid composition and rich in
sulfur-containing amino acids (Campbell ef al., 2016). The increase in plant productivity to cope with
the increase in both population and uncontrolled consumption of farmlands and the interest in the high
quality and safety of foods have increased the research that can meet this demand. The searches were
focused on using natural resources which are considered a novel eco-friendly farming practice that led
to crop intensification and sustainability (Paradikovic et al., 2019). The use of natural biopolymer-based
materials is among the eco-friendly farming compounds which have been shown to increase
productivity of agricultural plants.

Chitosan (polymer of glucosamine and N-acetyl glucoseamine) is a natural safe and cheap
biopolymer established as a non-toxic, biodegradable, and biocompatible compound (Katiyar et al.,
2015; Shahrajabian et al., 2021). It is now recorded to effectively act as a plant growth regulator and as
effective signal biomolecules (Hadwiger et al., 2002; Uthairatanakij e al., 2007; Gornik et al., 2008).
Thus, it can be used for improving growth, productivity, and quality of different crops (Khan et al.,
2002; Chibu and Shibayama, 2003 and Zhang et al., 2017). Besides, CHT may be enhanced enzyme
activities of nitrogen metabolism, and improved the translocation of nitrogen thus increased plant
growth and development (Sultana et al., 2017). Further, chitosan treatment induced over-expression of
genes involved in photosynthesis, changes in programming of protein metabolism with an enhancement
of various storage proteins and hormone metabolism (Landi et al., 2017). Moreover, CHT was recorded
to effectively act as soil stabilizer, and improve major soil mechanical properties (Shariatmadari et al.,
2020).

Modernistic, nano-technology had proved its position in agriculture and related industries.
Chitosan nano-particles (nano CHT) are environmentally friendly, bioactive substance (Agnihotri ez al.,
2004) and an attractive and promising alternative to solve poor insolubility of bulk CHT (Harshil et al.,
2016), and proved its potentiality at a relatively low concentrations compared with bulk form.
Moreover, nano CHT effectively acts as a delivery system of nutrients, pesticides, and hormones (Silva
et al., 2011; Vanti et al., 2020). Moreover, nano-formulation of CHT proved its potential as a
sustainable alternative in crop protection against pests, diseases, and its efficiency as a carrier of
agrichemicals (Campos et al., 2015; Kashyap et al., 2015; Hernandez-Téllez et al., 2016).

This investigation aimed to study the different roles played by bulk CHT and nano CHT on
growth; flowering, different fruiting attributes, quality, and quantity of the yielded seeds of Brassica
napus L. cv. Serw- 4 grown under sandy soil conditions.

2. Materials and methods
2.1. Experimental site

The field experiment was conducted at Research and Production Station, National Research
Centre, Al-Nubaria District, Al-Behaira Governorate, Egypt. The experiment was carried out in winter
season (2019/2020) for the purpose of evaluating the different roles played by bulk CHT and nano CHT
on growth, flowering, and different fruiting attributes of Brassica napus L. cv. Serw-4 plants.

2.2. Experimental design

The reclaimed sandy soil, used in the experiment was ploughed twice, ridged, and divided into
plots (5.0 m long and 1.6 m width: with area 8m?*). The experiment was a Complete Randomized Block
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Design with three replications in lines 5-meter-long, 0.60 meter apart. Hill spacing was 15 cm within
the lines. Calcium super-phosphate (15.50% P»Os) was added pre-sowing at 150 Kg/feddan to the soil.
Similarly, potassium sulphate (48% K,O) was added pre-sowing at the rate of 50 kg/feddan to the soil,
while nitrogen fertilizer was added at the rate of 45 kg N/feddan as ammonium nitrate (33.5%N) in two
equal doses at 21 and 35 days after planting, respectively.

2.3. Plant material preparation

Canola seeds (Brassica napus L. cv. Serw 4) were obtained from Oilseed Department,
Agricultural Research Centre, Ministry of Agriculture and Land Reclamation, Egypt. A homogenous
lot of Brassica napus L. seeds were selected for uniformity by choosing those of equal size and with
the same color, washed, sterilized by soaking with sodium hypochlorite (1%) for two minutes and then
washed thoroughly with distilled water. This experiment was divided into two parts. The first part
included soaking seeds for 6 hours with bulk CHT at (3000,5000,7000 or 9000 ppm) before sowing and
the developed plants were subjected to spraying with above concentrations of CHT twice at 50 and 90
days after sowing (DAS). The second part included spraying of canola plants developed from water-
soaked seeds with nano- CHT at the concentrations 25, 50, 75, 100, or 200 ppm at 60 and 75 DAS. The
soaked seeds were sown at 3-5 seeds on each hill in mid of November. Sprinkler irrigation took place
immediately after sowing, then every week intervals according to agronomic practices in the district.
Thinning was carried out 30 days after sowing to secure two plants per hill on one side of the ridge.

2.4. Data recorded

At vegetative stages at 75 DAS, a random sample of ten plants from each plot were taken to
determine the following parameters: shoot length, root length, number of leaves per plant, leaf
area/plant, shoot and root fresh and dry weights, as well as photosynthetic pigments content in leaf
tissues.

At flowering stage at 105 DAS, a random sample of ten plants from each plot were taken to
determine the number of flowering branches, number of fluorescences per plant, date of onset and
ending of flowering.

At harvest time, random samples of ten plants from each plot were taken to determine yield
attributes including: number of siliqua/plant, siliqua length, and number of seeds/ siliqua. Plants of two
square meter from the middle rows of each plot were harvested, dried under sunshine for one week and
seeds were cleaned after separation from the siliqua, then the seed yield (kg/faddan) was determined.
Oil, protein, total carbohydrate, and mineral (NPK) contents were determined in the yielded seeds. Seed
cake obtained after oil extraction of seeds subjected to analysis included its content of glucosinolates.

2.5. Biochemical analysis

The photosynthetic pigments (chlorophyll a, chlorophyll b and carotenoids) were extracted and
determined spectrophotometrically following the method recommended by Moran and Porath (1980).
The oil content of the seeds was determined according to the procedure reported in the A.O.A.C. (1990).
Preparation, determination, and identification of fatty acids were carried out according to the method
of Fedak and Dela Roche (1977). The total nitrogen was determined by Micro-Kjeldahl method
according to the procedure reported in the A.O.A.C. (1990). The nitrogen content was multiplied by the
factor 6.25 to obtain the protein content. Total carbohydrate content was extracted and determined
according to Dubois et al., (1956). For estimating nitrogen (N), phosphorous (P), and potassium (K)
content in seeds; seed samples were dried at 70°C until constant weight and digested according to
Cottenie et al. (1982). Phosphorus content was estimated by spectrophotometric method as described
by Cottenie et al. (1982). Potassium content was estimated by a flame photometer method according to
Okalebo et al. (2002). Glucosinolates were extracted according to Rauchberger et al. (1979) and
determined calorimetrically according to Nasirullah and Krishnamurthy (1996). Regarding
determination of soil properties after harvesting, the soil porosity and water-holding capacity of the soil
samples was determined as described by Piper (1947). The percolation and retention of water in soil
was determined using rudimentary method.
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2.6. Statistical analysis

The average data was statistically analyzed by using SPSS Version 26. The differences among
means were determined by least significant differences (LSD) at 5% level according to Snedecor and
Cochran (1982) and compared using Duncan's multiple range tests and standard error (+ SE).

3. Results and Discussion
3.1. Effect of bulk chitosan on major growth attributes and photosynthetic pigments of Brassica
napus L. plants

In response to application of bulk chitosan (seed soaking and foliar spray) at the relatively low
concentrations, there was a significant increase at different stages of growth in shoots and roots length,
number of leaves per plant, leaf area, fresh and dry weights of shoots and roots of B.napus plants (Table
1) as well as the content of photosynthetic pigments (Fig.1) with a maximum of response attained upon
applying bulk chitosan at 5000 ppm relative to control. On the other hand, the relatively highest
concentration of bulk chitosan (9000 ppm) induced a significant decrease in the above-mentioned
growth parameters and non significant effect on photosynthetic pigments relative to control. These
results obtained in the present work (Table 1) are confirmed by the work of Mohamed ef al., (2019)
where they recorded appreciable increase in major growth parameters of orange as a result of using
different concentrations CHT treatment. Similarly, Mohamed et al. (2018) reported that shoot height
and diameter, leaf area, leaf fresh and dry weights of sour orange seedlings were affected positively by
CHT spraying. Enhancement of growth induced by CHT may be attributed to its role in increasing
efficiency of nutrient uptake, photosynthetic rate, stomatal conductance via regulating rate of ABA
synthesis (Hidangmayun et al., 2019, Chakraborty et al., 2020, Monfared et al., 2020). In addition, as
chitosan is structurally related to oligosaccharides, it behaves as a signaling molecule and acts in a
manner similar to plant growth regulators in regulation of morphogenesis, growth and development as
reported by Cote and Hahn (1994); Hadwiger et al. (2002); Uthairatanakij et al. (2007); Gornik et al.
(2008) and El-Bassiouny et al. (2023). Chitosan stimulated different plant responses associated with
primary and secondary metabolism including: carbon and nitrogen metabolism, Calvin cycle, sucrose
metabolism, glycolysis, tricarboxylic acid cycle, photosynthesis, as well as biosynthesis of phenolic
compounds which enhanced plant growth and development (Zhang et al., 2017; Ahmed et al., 2020).
In addition, the positive effects of chitosan on plant growth might be due to enhance stomatal
conductance, and stimulate growth of xylem (Hidangmayum et al., 2019) or may be due to increase the
key enzyme activities of nitrogen metabolism (nitrate reductase, glutamine synthetase and protease)
and improved the transportation of nitrogen in the functional leaves as well as increased photosynthesis
which enhanced plant growth and development (Chibu and Shibayama, 2003 ; Gornik et al., 2008;
Mondal et al.,2012). Chitosan facilitates plant growth by increasing the uptake and availability of water
and important nutrients by adjusting osmotic pressure in the cells (Guan et al., 2009), and can promote
the division of root cells by activating plant hormones including auxin and cytokinin that further lead
to increased nutrient uptake (John e/ al., 1997; Dzung el al., 2011).

The significant increase in chlorophyll content of B. napus leaves obtained in the present work
(Fig. 1) may be due to high rate of chlorophyll preservation induced by carotenoids which subjected to
significant increase encountered in response to CHT application. In this regard, Pirbalouti et al., (2017)
and Rahman et al., (2018) recorded appreciable increase in carotenoids in basil and strawberry tissues
respectively following chitosan-elicitation. Likewise, Naderi et al. (2015) registered that chitosan
increased chlorophyll and carotenoid of Lepidium sativum L plant by activating the genes involved in
the biosynthesis of photosynthetic pigments. Stahl and Sies (2003) reported that carotenoids are
pigments that play a very important role in the protection of plants against photooxidative processes in
plants because of its antioxidants effect that play an extremely active role in eliminating the harmful
effects of free oxygen radicals. In this connection, El-Bassiouny et al. (2023) explained the increase in
photosynthetic pigments in wheat plant subjected to CHT treatment to be due to increased endogenous
levels of cytokinins induced by CHT which play essential role in chlorophyll biosynthesis and
decreasing the sensitivity of the pigments protein complex to light as reported by Chibu and Shibayama
(2001).
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Table 1: Effect of soaking and spraying with different concentrations of bulk-chitosan on growth

parameters of Brassica napus L. plants at 75 DAS.
Vegetative growth parameters
Number Shoot Root Shoot

Treatments Shoot Root of Leaves fresh fresh Dry Roo.t dry

length length 1 / 2 ioht ioht Weisht weight

(cm) (cm) eaves area(cm?) weig| weig eig @

plant (€9) (€] (€]

Control 36.9 + 12.6 + 7.4+ 335.80 = 25.01+ 1.72+ 2,71+ 0.34 +
0.33¢c 0.24c 0.24d 4.92¢ 0.40c 0.03d 0.05d 0.007d
3000 394 + 14.6 + 8.4+ 384.72 £ 50.69+ 3.52+ 4.66 + 0.78 +
0.24b 0.18b 0.24c 2.38b 0.46b 0.09¢ 0.09¢ 0.006 ¢
o 000 46+ 154+ 104 63288%  68.04L  551f 645+ 107+
(ppm) 0.31a 0.24a +0.24a 4.82a 0.62a 0.13a 0.08a 0.016a
7000 38.6 + 15.1+ 9.4+ 37891 + 51.56+ 4.73+ 522+ 0.97 +
0.48b 0.10ab 0.24b 6.72b 0.62b 0.06b 0.07b 0.025b
9000 27.9 + 9.5+ 6.4+ 22529 + 17.56+ 1.27+ 1.71 + 0.23 +
0.40d 0.22d 0.24¢ 3.32d 0.33d 0.02¢ 0.02¢ 0.012e

L.S.D at 5% 0.51 0.29 0.34 6.61 0.71 0.11 0.09 0.02

Data are presented as mean of ten variables + SE. Mean values in each column followed by different letter are
significantly different by least significant difference test at 5%.

16
14
12
10

a

a
b
C (4
a b
c
d p b Iab Iba d p
II II 11 II

Control 3000 ppm 5000 ppm 7000 ppm 9000 ppm

Bulk CHT
m Chlorophyll a u Chlorophyll b

mg/g fresh leaf tissues

o N b O ®

M Carotenoids Chlorophyll a/b

Fig. 1: Effect of soaking and spraying with different concentrations of bulk-chitosan on photosynthetic
pigments content of Brassica napus L. plants at 75 DAS. Data are presented as mean of five
replicates = SE. Mean values in each parameter followed by different letter are significantly
different by least significant difference test (LSD) at 5%.

3.2. Effect of nano-chitosan on major growth attributes and photosynthetic pigments of Brassica
napus L. plants

In a comparable manner, Brassica napus L growth and development responded to application of
nano CHT, where there was a significant increase in growth attributes (length of roots and shoots, leaf
area per plant, fresh and dry weights of roots and shoots) (Table 2) and the content of photosynthetic
pigments (chlorophyll a, chlorophyll b and carotenoids) (Fig. 2) with an optimum increase obtained at
50 ppm followed by a significant decrease on applying 200 ppm of nano CHT relative to control. It was
declared that chitosan nanoparticles are easily absorbed by the epidermis of leaves and translocated to
stem which facilitated the uptake of active molecules and enhanced growth and productivity of plants
(Malerba and Cerana, 2016). When chitosan nanoparticles entered through stomata, osmosis pressure
of the stomata increased that lead to increase the opening of stomatal cells, stomatal conductance and
CO; concentration (Van et al., 2013). Moreover, chitosan and chitosan nanoformulations significantly
increased seedling growth, seed germination, biomass accumulation and used as growth promoters by
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enhancing the nutrient uptake (nitrogen, potassium, phosphorus, calcium and magnesium), chlorophyll
content and photosynthesis rate (Van et al., 2013; Anusuya and Banu, 2016; Saharan et al., 2016;
Sathiyabama and Manikandan, 2021).

Likewise, in green house condition, chitosan nanoparticles had significant impacts on biophysical
characteristics of coffee seedlings such as increasing content of the pigments, nutrient uptake,
photosynthesis net rate, CO, concentration integrated and switching on the genes related to the
chlorophyll synthesis (Van et al., 2013). They added that spraying coffee seedlings with three times of
chitosan nanoparticles increased chlorophyll a, b and carotenoid content from 38.8 to 72.2% higher than
the control.

Table 2: Effect of spraying with different concentrations of nano-chitosan on growth parameters of
Brassica napus L. plants at 75 DAS.

Shoot Root Number Leaves Shoot Root Shoot Root dry
fresh fresh Dry .
Treatments length length of leaves/ area . . . weight
(cm) (cm) plant (cm?) weight weight Weight ©
® ® ®

Control 39.02 + 9.4+ 6.6 = 135.752 + 25.98 £ 1272 + 2472 + 0.206 =
0.458 ¢ 0.244e 0.244c 1.852d 0.515d 0.022 e 0.056 d 0.005 e

25 ppm 47.6 £ 155+ 9.5+ 482.216 £ 65.05 4.596 = 6.732 0912 +
0.400a 0.223 b 0.223 b 3.695b 0.723 b 0.073 b 0.060 b 0.012b

50 ppm 48.6 + 163+ 104 + 683.788 +  74.296 + 5714+ 7.566 £ 1.146 +
0.509a 0.200 a 0.244 a 6.627 a 0.666 a 0.055 a 0.108a 0.049 a

75 ppm 41.7+ 123+ 10+ 437.154 £ 37.53 + 2476 £ 3.636 0.492 +
0.538b 0.200c 0.316a/b 3.886¢ 0.432 ¢ 0.063c 0.072¢ 0.008 ¢

100 ppm 40.6 £ 112+ 6.4+ 436.96 + 19.69 + 1.544 + 2452+ 0.376 +
0.244b 0.122d 0.244c 5.173¢c 0.085¢ 0.015d 0.036d 0.006d
200 ppm 323+ 9.9+ 6.6 £ 111.052 17.934 + 1.068 + 1.59 + 0.22 +
0.374d 0.400e 0.244c¢ +1.97e 0.367f 0.021f 0.028e 0.003e
L.S.D at 5% 0.61112 0.34881 0.36056 5.96583 0.72179 0.06756 0.09353 0.0302

Data are presented as mean of ten variables + SE. Mean values in each column followed by different letter are
significantly different by least significant difference test at 5%.

18 a
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Nano CHT

H Chlorophylla m®Chlorophyllb  m® Carotenoids Chlorophyll a/b

Fig. 2: Effect of spraying with different concentrations of nano-chitosan on photosynthetic pigments
content of Brassica napus L. plants at 75 DAS. Data are presented as mean of five replicates +
SE. Mean values in each parameter followed by different letter are significantly different by
least significant difference test (LSD) at 5%.

A comparison between the results obtained on application of bulk CHT and nano-CHT, it is

obvious that maximum response in growth enhancement was attained at a relatively low concentration
of nano CHT (50 ppm) compared with (5000 ppm) in case of using bulk CHT. Increased efficiency of
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nano CHT may be due to that nano form of CHT characterized by a highly positive surface coating
that can passively penetrate across the membrane of organelles as plastids, where these nano-particles
exhibit both confined diffusion and convection before reaching an irreversible tapped state (Wong et
al., 2016). Thus, nano CHT may act as molecular transporters into organelles. Moreover, nano-particles
were reported to be easily absorbed to epidermis of leaves and stems, thus prolonging the contact time
facilitating their uptake (Yanat and Schroénk, 2021). Also, it was reported that both bulk CHT and nano
CHT bind to the cells extracellularly with nano CHT being showing more intense localization (Navarro
et al., 2008), hence the dose demand of nano CHT is substantially lower and its efficiency is higher
compared to bulk CHT. Nano formulation of agrochemicals, in general, are characterized by unique
properties as having large specific surface area, high surface energy and quantum confinement (Nel et
al., 2006). These characteristics may acquire nano-particles additive functions, behaviors and
environmental fate compared with their bulk counterparts (Taylor and Walton, 1993). Moreover,
promotion of plant growth induced by nano-materials, in general, may be at least due to their
potentialities of absorption of nutrients and water (Dubey and Mailapalli, 2016, Shojaci et al., 2019),
the slow or controlled release or loss of nano-fertilizers which permit the long-term availability for plant
throughout its life cycle (Lateef et al., 2016).

3.3. Effects of bulk chitosan and nano chitosan on flowering, and fruiting of Brassica napus L.
plants

It is obvious from the data represented in Tables 3 and 4 that in a comparable manner to the
response of vegetative growth of B. napus to chitosan treatments (bulk or nano CHO), the flowering
and fruiting processes were affected. Thus, seed priming with bulk CHT followed by foliar spraying of
bulk and nano CHT at the early vegetative and flowering stages had increased the number of
inflorescences per plant with a maximum increase attained on applying 5000 ppm of bulk CHT and 50
ppm of nano CHT (Tables 3 and 4). This increase in number of inflorescences of CHT-treated B. napus
may be attributed mainly to the obvious increase encountered in number of lateral flowering branches
recorded in concentrations 5000 ppm (bulk CHT) and 50 ppm of nano CHT. Pre-harvest foliar
application of chitosan on Washington navel orange tree increased number of inflorescences per plant,
and number of flowers per tree (Mohamed et al., 2019). Moreover, a positive effect of CHT in
stimulating flowering and increasing percentage of flower number was reported by Wanichpongpan et
al., (2001) on gerbera. Similarly, Ramos-Garcia et al. (2009) recorded enhancement of major flowering
criteria of gladiolus in response to CHT treatment.

The role of CHT in transition of plants to flowering stage is uncertain. However, it is known that
CHT is one of the first signaling molecules in the jasmonic acid signaling pathway that led to high rate
of jasmonic acid (JA) biosynthesis (Doares et al., 1995). The presence of high level of JA in the
reproductive structures of plants (flowers, fruits, and seeds), indicates that it has a crucial role in the
flowering and fruiting stages. So, it may conclude that CHT, via induction of JA biosynthesis may
enhance flowering of CHT-treated plants. Moreover, CHT was reported to enhance the biosynthetic
pathway of gibberellins (El-Bassiony ef al., 2014) which efficiently has a crucial role in encouragement
of flowering of plants (Taiz and Zeiger, 2006).

Bulk CHT and nano CHT treatments obviously interfered with the date of onset of flowering of
B.napus plants (Tables 3 and 4). The transfer from vegetative to flowering stage was suggested to be
merely a consequence of growth regulator - caused rapid growth and not really a direct effect of them,
which lead to earliness of flower initiation (McDaniel, 1996). In the present work, bulk-CHT treatment
was observed to enhance vegetative growth and accelerated development of treated plants which was
recorded in earliness of flower initiation by 11 days before control (5000 ppm of bulk CHT) and from
5-12 days, (in response to applied concentrations of nano CHT). In this regard, it may be suggested that
earliness of flowering of B. napus induced by CHT may be due to its effect on the change over from
the vegetative buds to flowering state as a result of developmental enhancement and substantial change
in bud organization as supposed by Blazquez and Weigel (2000). There was also an earliness of the
ending of flowering which coincides with the start of siliqua formation in response to treatment with
the concentrations 3000, 5000 and 7000 ppm achieving a maximum of 15 days in using the
concentration 5000 ppm of bulk CHT. Upon applying nano CHT, there was an earliness of flowering
of treated plants in a reverse concentration-dependent manner, where earliness of flowering reached 16
days (in response to the relatively low concentrations) and 7 days in response to the higher
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concentrations (100 and 200 ppm). In a comparable manner, the start of siliqua formation is affected by
the concentration applied of nano CHT where it begins earlier 6 days on applying 100 and 200 ppm of
nano CHT, compared with 16 days upon using the relatively low concentrations (25, 50,75 ppm). In a
similar manner, CHT was reported to induce earliness of flowering of Gompey fressia as mentioned by
Salachna and Zawadzinska (2014). Moreover, CHT treatment was recorded to cause shortening of the
life cycle of nano-fertilized - treated plants where there was a reduction of about 25% in number of days
required for yield production (Abdel-Aziz et al., 2016). Such an acceleration of flowering and of plant
production demonstrate the potentiality of nano-materials as effective tools in agricultural practices,
particularly in sudden change in environment, in sudden flash flood-porne areas where the early
maturity of crops protects them from exposure to this type of environmental hazards.

Table 3: Effect of seed soaking and foliar spraying with different concentrations of bulk chitosan on
major flowering parameters of Brassica napus L. plants (105 DAS)
Flowering parameters

Treatments Number of Number of Time of Time of the
flowering inflorescences initiation of beginning of siliqua
branches plant’! flowering formation

plant’! (DAS) (DAS)
Control 2.2+0.20d 17.4 +£0.24b 91 144
Bulk — 3000 3.6 £0.24c 18 +£0.45b 87 138
CHT 5000 54+0.24a 20.2+0.37a 80 129
(ppm) 7000 4.6+0.24b 18.2+0.37b 87 138
9000 1.6 +0.2d 9.6 £0.24c 91 143

Data are presented as mean of ten variables + SE. Mean values in each column followed by different letter are
significantly different by least significant difference test at 5%.

Table 4: Effect of foliar spraying with different concentrations of nano chitosan on major flowering
parameters of Brassica napus L. plants (105 DAS)
Flowering parameters

Number of Time of Time of the
Treatments ﬂl(l)we:ino Number of initiation of  beginning of siliqua
branches lgn ¢ inflorescences plant™! flowering formation
P (DAS) (DAS)
Control 2.24+0.20c 6.8 +0.20d 92 145
25 4.6+0.40a 17 £0.45¢ 80 129
Nano- 50 4.6+0.24a 23.2+0.58a 80 129
CHT 75 3.4+0.24b 19.6 £ 0.25b 80 129
100 3.6+0.24b 16.8 = 0.49¢ 87 138
200 2.4+0.24c 17 £0.45¢ 87 138

Data are presented as mean of ten variables + SE. Mean values in each column followed by different letter are
significantly different by least significant difference test at 5%.

3.4. Effects of bulk chitosan and nano chitosan on components of yielded seeds of Brassica napus
L plants

As indicated in Tables 5 and 6, a highly significant increase in major yield attributes was
observed. Thus, treatment with CHT (bulk and nano-form) at different concentrations lead to a
significant increase in length of siliqua, number of siliqua per plant, seeds number per siliqua, increase
in percentage of yield per feddan with a maximum increase obtained on applying 5000 ppm and 50 ppm
of bulk CHT and nano CHT, where it reached 85.93% and 71.1%, respectively. The strategies employed
by chitosan in enhancing crop yield are diverse. The significant increase in yield of Brassica napus
obtained in the present work could be explained on the bases of the obvious increase encountered in the
number of inflorescences per plant, number of flowering branches (Tables 3 and 4), siliqua length,
number of siliqua per plant and number of seeds per siliqua (Tables 5 and 6). Further, chitosan
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stimulated flowering and increased translocation of sufficient assimilate to the passion fruit (sink), thus
enhanced yield (Utsunomiya and Kinai, 1994).

Table 5: Effect of seed soaking and foliar spraying with different concentrations of bulk chitosan on
major yield attributes of Brassica napus L. plants.
Treatments Yield attributes

% of change in

Length of Number of Number of Seed yield yield feddan‘!

silique Siliqu_? 's.eeds_l (kg feddan™) relative to
(cm) plant siliqua control
Bulk Control  519+0.06c  173.843.72¢  20.66+0.38d 1564 e
CHT 3000 6.66£0.090b  347.249.63c  25.26+0.49¢ 1948 24.0%
PPm) 5409 754+0.11a  1042.4£10.92a  35.46+1.16a 2908 85.93%
7000 6.7140.04b  581.0+3.39b  29.33+0.34b 2311 47.76%
9000 473+0.03d  197.4+438d  19.20+0.24d 1671 6.84%

Data are presented as mean of ten variables £ SE. Mean values in each column followed by different letter are
significantly different by least significant difference test at 5%.

Table 6: Effect of foliar spraying with different concentrations of nano chitosan on major yield
attributes of Brassica napus L. plants.

Yield attributes

Treatments Length of Number of Number of Seed % of change in
silique silique seeds yield (kg yield feddan™!
(cm) plant™ siliqua™ feddan!)  relative to control
Control  5.65+0.07d 203.6+1.69¢ 21.46+0.66¢ 1406 -
25 7.13+£0.07b 614.2+7.50b 31.39+0.60b 2270 61.45%
1?‘[_'1';" 50 7.33+0.03a 810.8+6.08a 37.13+0.62a 2405 71.05%
(ppm) 75 6.16+0.03c 345.6+£11.36¢ 23.7940.13c 1766 25.6%
100 6.05+0.03¢ 343.5+5.82¢ 23.16+0.16cd 1699 18.71%
200 5.74+0.06d 286.2+1.85d 22.194+0.22de 1532 8.96%

Data are presented as mean of ten variables + SE. Mean values in each column followed by different letter are
significantly different by least significant difference test at 5%.

The action mechanism of CHT in increasing plant yield was suggested by Hidangmayum ef al.
(2019); Monfared et al. (2020) to be via its effect on enhancing transport of photoassimilates,
mobilization of metabolites to the reproductive sinks, increasing nutrient uptake, photosynthetic rate,
antioxidant enzyme activities which can eventually lead to increase in crop yield. Similarly, Masjedi et
al. (2017) concluded that foliar application of chitosan at vegetative stage enhanced the plant growth
and development and increased grain yield of wheat by 76% than control under normal irrigation.
Previously, Dzung and Thang (2004) stated that plant growth parameters are significantly enhanced by
the application of oligoglucosamine. It stimulates plant growth and immunity through regulating
various physiological processes such as cell elongation, cell division, protein synthesis, enzymatic
activation and uptake of nutrients by roots, which ultimately contribute to an increase in crop yield.

Moreover, CHT and nano CHT has been recommended as an efficient biofertilizers, they proved
its high efficiency in controlling the release of inorganic fertilizers (Ghormade et al., 2011), hence limit
need of using excessive toxic amount of inorganic fertilizers. Nano CHT, on the other hand, besides
acting as plant growth promoter (Kong et al, 2010; Maluin and Hussein, 2020) and as biofertilizer
proved its potential as a carrier of agrochemicals which via their encapsulation led to slow release into
the soil, hence minimize losses of fertilizers and hence a decrease in resource losses, and simultaneously
increase their delivery and availability for plants and an increase in its product. Moreover, CHT via
increasing JA content plays an important role in production and maturation of fruits and seeds. In this
regard, JA was reported to participate in fruit ripening via induction of expression of genes involved in
the biosynthesis of storage proteins, activation of the enzymes involved in biosynthesis of ethylene
which participate in completion of fruit set (Czapski and Saniewski, 1992).
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Above important feature of CHT recommended, it is not only to increase the yield but also the
quality of the yielded seeds. In the present work, application of CHT to B. napus plants gives along
with an increase of yield, a better quality of seeds was obtained with regard to increased content of
carbohydrate, oil, protein-N, and the macroelements N, P and K as shown in Figure (3a and b) for bulck
CHT and Figure (4a and b) for nano CHT, thus having a better consumer properties. Chitosan
application may affect biosynthesis and translocation of carbohydrates during stimulation of cell
division and the synthesis of DNA and RNA (Phothi and Theerakarunwong, 2017). As reported by
Geng et al. (2020) and based on metabolic pathways, the chitosan could be converted directly to other
sugars and pyruvate that participates in the tricarboxylic acid cycle. On the other hand, the enhancing
effect of chitosan on protein content may be due to its enhancing effect on amino acids (Li et al., 2017).
Rabélo et al. (2019) stated that application of chitosan derivatives increased amounts of amino acids in
the leaves, which implied greater nitrogen uptake and/or mobilization or greater efficiency in the use of
this nutrient in the plants. Chitosan treatment induced changes in programming of protein metabolism
with an enhancement of various storage proteins and hormone metabolism (Landi et al., 2017),
modulated redox homeostasis, increased the expression of the genes of enzymes involved in glycolysis,
carbohydrate metabolism and photosynthesis, (Chamnanmanoontham et al., 2015; Zhang et al., 2017).
Recently, Chakraborty et al. (2020) suggested that chitosan working as a consequence of other
metabolic processes rather than merely enhancing nitrogen nutritional quality or as a source of energy
for the production of carbohydrates.
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Fig. 3 (a, b): Effect of seed soaking and foliar spraying with different concentrations of bulk chitosan
on some biochemical composition of the yielded seeds of Brassica napus L. plants. Data
are presented as mean of ten variables + SE. Mean values in each column followed by
different letter are significantly different by least significant difference test at 5%.
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Fig. 4 (a, b): Effect of foliar spraying with different concentrations of nano chitosan on some
biochemical composition of the yielded seeds of Brassica napus L. plants. Data are
presented as mean of five replicates + SE. Mean values in each column followed by
different letter are significantly different by least significant difference test at 5%.

Regarding the change in the fatty acids composition of yielded seeds of B. napus seeds induced
by chitosan, the data represented in Table 7 refer to that treatments with bulk CHT at the concentrations
5000 and 7000 ppm led to a significant increase in the content of oleic and linoleic acids associated
with obvious decrease in linolenic and erucic acids content compared with the control. On the other
hand, on applying the relatively highest concentration (9000 ppm) decreased oleic acid content together
with inducing non-significant and significant increase in linoleic and erucic acids content, respectively.

Table 7: Effect of seed soaking and foliar spray with different concentrations of bulk chitosan on fatty
acids profile of yielded seeds of Brassica napus L. plants.
Fatty acid composition (%)

Treatments
Palmitic Oleic Linoleic Linolenic Erucic
acid acid acid acid acid
Control 3.47 £0.00 42.3 £0.04c¢ 14.69 + 0.10b 8.01 +£0.005 12.09+0.010 ¢
Bulk- 3000 3.5+0.080 39.96+£0.15d 15.34+0.11a 7.79 £ 0.045 14.23+£0.035b
CHT 5000 3.46+0.01 43.80 £0.025b  15.31+0.01a 7.77+0.155 11.87+£0.025¢
(ppm) 7000 3.38+£0.065  46.16£0.045a 15.47+0.01a 7.96 + 0.00 10.27+0.050d
9000 3.42+0.01 37.83 £0.08 ¢ 15.51+0.18a 8.02+0.14 16.29+0.175a

Data are presented as mean of ten variables £ SE. Mean values in each column followed by different letter are
significantly different by least significant difference test at 5%.

In this connection, Monfared et al. (2019) found that application of CHT at a relatively low
concentrations caused an increase of palmitic, oleic, and linoleic acids content and a decrease of
linolenic and erucic acids content. Accumulation of erucic acid in seeds was reported to dominate in
plants exposed to drought stress (Razaeizadeh et al., 2019). In the present work, B. napus treatment
with the relatively highest concentration (9000 ppm) lead to growth retardation (decrease in root and
shoot length, fresh and dry weights, leaf area, (Table 1) which may be due to interference of CHT with
ABA signaling pathway, hence decreased stomatal conductance and retardation of water translocation
as reported by Bittelli ef al. (2001) exposing plants to water stress. Water stress was observed to alter
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profile of fatty acids towards increase in harmful fatty acids including erucic acid and a decrease in
useful fatty acids as oleic acid (Rezaeizadeh et al., 2019).

In response to nano CHT treatments, although there is no obvious change in the content of
palmitic and linolenic acids at the different applied concentrations, yet appreciable increase in oleic and
linoleic acids content was obtained (Table 8). On the other hand, erucic acid content of the yielded seeds
exposed to significant decrease with a maximum response (47.55 and 55.08% reduction) was attained
upon applying 25 and 50 ppm of nano CH respectively. The association of the increase encountered in
oleic acid content with a decrease in erucic content may refer to a role of nano CHT either on elongase
enzyme converting oleic acid (18:1, 9¢) into erucic acid (22:1, 13¢) (Kunst et al.,1992 and James et al.,
1995) and, or in regulation of the chain shortening of erucic acid to oleic acid by peroxisomal pathway,
which was one of the fundamental breakthrough in regulating erucic acid content in canola oil (Black
and Bewley, 2000).

Table 8: Effect of foliar spray with different concentrations of nano chitosan on fatty acids profile of
yielded seeds of Brassica napus L. plants.

Fatty acid composition (%)

Treatments Palmitic Oleic Linoleic Linolenic Erucic
acid acid acid acid acid
Control  334+0.02¢ 43.415+0.005  1590+0.075b  7.835+0.025 12.09+£0.01 a
25 369+0.09b  52.43+0.00 b 16.68+0.1 a 7.805 £0.065 6.34+0.02d
Nano-CHT 50 4354001 a  53.35+0.005a  16.02+0.03b 7.78 £0.08 5.43 +0.005¢
(ppm) 75 3.59+£0.08b 47.51+0.00d 16.05+0.01 b 7.85+0.05 9.25 +0.085¢
100 3.54 £0.02bc 47.00+0.01 ¢ 16.05+0.065b  7.615+0.035 9.18 £0.005¢
200 3.54 +0.11bc 48.72 +£0.015 ¢ 15.15+0.01 ¢ 7.67 £0.06 9.93+0.05 b

Data are presented as mean of ten variables + SE. Mean values in each column followed by different letter are
significantly different by least significant difference test at 5%.

Analysis of the seed cake (residue left after oil extraction) refer to, in general, a significant
decrease in its content of glucosinolates in response to the different concentrations applied of bulk CHT
or nano CHT, except in applying the highest concentration of nano CHT (200 ppm) which induced a
significant increase in this content (Tables 9 and 10).

Table 9: Effect of seed soaking and foliar spray with different concentrations of bulk chitosan on
glucosinolates content of seed cake of Brassica napus L. yielded seeds

Treatment Glucosinolates content (n mole/g defatted dried meal)
Control 7.30+£0.013a
3000 6.62+0.011d
Bulk CHT 5000 6.24%0.009 ¢
(ppm)
7000 6.94 +0.010c
9000 7.20 +0.003b

Data are presented as mean of ten variables £ SE. Mean values in each column followed by different letter are
significantly different by least significant difference test at 5%.

Table 10: Effect of foliar spraying with different concentrations of nano chitosan on glucosinolates
content of seed cake of Brassica napus L. yielded seeds

Treatments Glucosinolates content (n mole/g defatted dried meal)
Control 6.46 +0.004 b
25 6.18+0.011d
Nano CHT S0 6.05+0.018¢
(ppm) 7 6.27 +0.008¢
100 6.51 +0.026b
200 6.92 £ 0.054a

Data are presented as mean of ten variables + SE. Mean values in each column followed by different letter are
significantly different by least significant difference test at 5%.
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3.5. Effect of bulk chitosan and nano-chitosan on major soil properties

Enhancement of canola growth induced by bulk CHT or nano CHT may be due to their efficiency
in amelioration of the major mechanical properties of sandy soils. The data obtained in the present work
concerned with the effect of bulk and nano CHT on major mechanical properties of the soil indicate
that in spite of the obvious increase recorded in soil porosity in response to the different applied
concentrations of bulk CHT, a significant increase was obtained in percentage of water holding capacity
may be via decreasing the percolation rate (Table 11). Nano CHT, on the other hand, particularly at the
most promotive concentration via decreasing soil porosity and percolation rate lead to marked increase
in percentage of water holding capacity (Table 12). In this regard CHT when was investigated for its
effect on soil properties was recorded to effectively acts as soil stabilizer, where it was found to have
the potential of enhancing inter-particle interaction which lead to improvement of soil mechanical
properties (Shariatmadari et al., 2020), and via gathering sandy soil particles, it enhances its porosity
increasing its holding capacity of water and its availability to plant growth (Hataf ez al., 2018).

Table 11: Effect of seed soaking and foliar spraying with different concentrations of bulk chitosan on
major soil properties.

Treatments Soil properties
Soil porosity Water holding capacity Percolation rate
Control 26.33+0.33d 38.33+0.33d 2.07+0.05a
3000 25.55+0.33d 43.67+0.33b 1.68+0.02b
Bu(lk-CHT 5000 30.33+0.33a 45.67+0.33a 1.50+0.01c
ppm) 7000 29.00+0.58b 44.67+0.33ab 1.55+0.02¢
9000 27.67+0.33¢ 41.3340.67¢ 1.68+0.02b

Data are presented as mean of ten variables + SE. Mean values in each column followed by different letter are
significantly different by least significant difference test at 5%.

Table 12: Effect of foliar spraying with different concentrations of nano chitosan on major soil

properties.
Soil properties
Treatments
Soil porosity Water holding capacity Percolation rate
Control 25.50+0.50a 39.534+0.29bc 1.33+0.015a
25 23.87+0.47bc 40.83+£0.6 a 1.18+0.013c¢
Nano-CHO 50 23.43+0.43¢ 41.87+0.47ab 0.87+0.012d
(ppm) 75 24.90+0.15ab 38.00+1.00cd 1.25+0.026b
100 24.93+0.58ab 36.00+1.00d 1.32+0.012a
200 24.67+0.33abc 36.33+0.33d 1.35+0.003a

Data are presented as mean of ten variables + SE. Mean values in each column followed by different letter are
significantly different by least significant difference test at 5%.
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