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Abstract
     Aim of this research is to reduce the salinity stress on plants by synthesizing the materials that helps to improve the crop 
yield without harming the crop. This can be made possible using NPK loaded chitosan ZnO nanoparticles (Chitosan Bionano-
composite). Chitosan, the natural carbohydrate obtained from shrimp shell waste after deacetylation of chitin by using marine 
bacterial isolates. Nanoparticles have high surface area and release the fertilizer slowly into the soil and makes NPK available to 
plants. Five marine isolates were obtained with positive deacetylase activity, used for chitosan synthesis. Bionanocomposite of 
each isolate was used for pot assay. Bionanocompositeobtained from IS1 was found to be efficient in enhancing the plant growth 
parameters. It shows 20% increase in germination percentage, 25% seed vigor index and significant increase in root and shoot 
length. Hence, it is concluded that the bionanocomposite can be prepared from cheapest sources and benefits the farmers for 
improving crop yield under stress conditions. Thus instead of using chemical fertilizer and or any biodegradable materials, bion-
anocomposites will be potential approach to sustain healthy agricultural practices.
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Introduction

     Chitin, the biopolymer is an important biomaterial in many aspects. It has biomedical, agriculture, and nanotechnology applications. 
Shrimp waste is the most important source for commercial use of chitin. Chitin can be found in a variety of species in both the animal 
and plant kingdoms. On the basis of degree of deacetylation, the biopolymer can be predicted/characterized as either chitin or chi-
tosan. Chitosan and cellulose are similar structure wise and chitosan is considered to the abundant biopolymer. It can be biologically 
prepared with the help of enzyme chitin deacetylase synthesized by bacteria. The soil and marine isolates produce chitin deacetylase 
enzyme that convert chitin to chitosan [1].

     The research in recent years focuses on the synthesis of noble metal oxide nanoparticles due to their unique properties. Attention 
has been drawn by nanostructured ZnO because of applications in ultraviolet lasers, cosmetic and medicated creams etc. they can be 
easily formed biologically from fugus like Aspergillus species, this is less costly [2]. The characterization is possible by UV-VIS spec-
troscopy. Nanocomposites combine the physical and chemical properties of both inorganic and organic materials that gained greater 
attention. Natural nanocomposites using chitosan with nanomaterial is applicable in various areas such as agriculture.

     Nanofertilizers have become a pioneer approach in agriculture research. The delivery of chitosan nanoparticles loaded with nitro-
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gen (N), phosphorous (P) and potassium (K) is investigated with foliar uptake under stress condition. Crop yield or plant productivity 
entirely depends on both the biotic and abiotic factors. Germination of seeds and reduction in nodule formation retards the develop-
ment of plant with reduction in crop production. Nano fertilizer induced significant increase in harvest index, crop index and yield of 
the crop [3-4].

     The aim of study is to improve crop yield under salinity stress with the help of chitosan, ZnO nanoparticles and NPK as growth pro-
moters. Bionanocomposite not only improve crop yield but also act against stress by synthesizing stress enzymes.

Material and Methods 
Synthesis of Chitosan and its characterization

     Shrimp shell waste (50mg) was washed and then treated with 1M HCL at room temperature for overnight to demineralize the im-
purities. Neutral pH was achieved by repeated washing with phosphate buffered saline.  Deproteinization was carried out by using 1M 
NaOH at 1:10(g/ml) solid/ liquid ratio at 80oC for 3 hours. Phosphate buffered saline aids in obtaining neutral pH and then bleached 
with ethanol for 10 min [5]. 

     The obtained chitin then treated with marine bacterial isolates [obtained from sea water by using spread plate technique on sterile 
Zobell marine agar plate]. 1ml suspension of isolate was inoculated with 50mg chitin on shaker at 25oC for 2 days. After centrifugation 
pellet was treated with 0.1N NaOH for 15minute and then with 2% acetic acid to obtain chitosan. Chitosan was characterized by FTIR 
(Fourier Transform Infrared Spectroscopy) using KBr pellet as control [8-9].

Synthesis of ZnO nanoparticle and its characterization

     10ml fungal filtrate in 100 ml ZnO2 solution was used for synthesis of ZnO nanoparticles. Solution was then kept on shaker for 
150rpm at 28oC for 72 hours. Control was prepared only with ZnO2 solution without inoculating fungal filtrate. The resulting nanopar-
ticles solution was then characterized by UV-Visible spectrophotometry [6].

Preparation of bionanocomposite and its characterization

     5ml ZnO NP’s solution and 5ml chitosan solution were prepared in 2% acetic acid and kept on magnetic stirrer for 24 hours for 
bionanocomposite preparation [7].

     After 24 hours, the bionanocomposite then loaded with suitable amount of NPK [500ppm of N, 60ppm of P and 400ppm of K] and 
kept for 24 hours on magnetic stirrer.

NPK loaded bionanocomposite then characterized by UV-Visible spectrophotometry.

Effect of NPK loaded bionanocomposite on plant growth under salinity stress

     20 Rice seeds were sown in the different pots containing same amount of mangrove soil. Solution of NPK loaded bionanocomposite 
was sprayed in each pot except control. The number of seeds germinated was recorded for each pot.

The effect was determined after an interval of 7 days by studying the germination rate of seeds and was calculated as:

Germination Efficiency = C/ E x 100% 
Germination Percentage = D/ E x 100% 
Germination Index% = ∑ (F/G) x 100%  
‘C’ &‘D’ & ‘F’ is number of germinated seeds on day 3 & 7 & 1, ‘E’ is total number of seeds investigatedand ‘G’ is days of seeds germi-
nation.
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Results 
Synthesis of Chitosan and its characterization

     Chitin is a biopolymer isolated from shell fish followed by removal of proteins by deproteinization and inorganic calcium carbon-
ate by demineralization.Deacetylation of chitin was carried using marine isolates.  Screening of dacetylation was carried using strip 
method and then further used for chitosan synthesis. Chitosan was synthesized using marine bacterial isolates [IS1-IS5] that shows 
deacetylase positive activity. This chitosan was subjected to fourier Transform Infrared Spectroscopy [FTIR] analysis for characteri-
zation using KBr pellet method. The standard peaks for chitosan was seen at 3379.64 nm, 2879.2 nm, 1644.98 nm, 1083.8 nm, and at 
660.5 nm, similar peaks that represents oligodimer of chitosan was obtained from IS1, IS3, IS4 and IS5. These isolates were then used 
for further studies.

                                                                            IS 4Standard Chitosan 
                                                                                              Figure 1: FTIR analysis of Chitosan.

Synthesis of ZnO nanoparticle and its characterization

     Zinc oxide nanoparticles were obtained from Aspergillus spp. by using zinc oxide powder. That reduces the size of zinc oxide from 
micro to nano were depend on the enzymes and the metabolic pathways that needed from, fungal isolates. Synthesized zinc nanopar-
ticles further characterized using UV-Visible spectrophotometry. The spectrophotometric result of nanoparticles shows peaks at 295 
nm. The absorption peak obtained on the basis of concentration of Zn source used [10-12].

Figure 2: UV-Visible characterization of ZnONPs.

Preparation of bionanocomposite and its characterization

     2% chitosan with nanoparticle solution were used for synthesis of chitosan bionanocomposite. The solution turns to yellow which 
were characterized by using UV-Visible spectroscopy. The result obtained after UV-Visible spectrophotometry shows peak at 255 nm, 
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265 nm, 344 nm, 292 nm for IS 1, IS 3, IS 4 and IS 5 respectively, which indicates the bionanocomposite-NPK complex, was formed.

Effect of NPK loaded bionanocomposite on plant growth under salinity stress

     Treatment of rice plant with NPK loaded chitosan nanoparticles under salinity stress led to progressive increase in all growth vari-
ables. Examination of the results revealed that the life span of the control rice plant was less as compared to the rice plants treated 
with NPK loaded chitosan.  

Figure 3: 21st day’s Rice plant.

Figure: 4                                                                   Figure: 5 
Increased vigor index and germination percentage was found in case of applied 

bionanocomposite as compared to control.

Figure: 6                                                             Figure: 7 
Root and shoot length result was found to be greater as compared to control 

plants. Root length of IS 1 bionanocomposite was found to be greater than 
control i.e.  9.5 cm on 21st day of pot assay while control was 6 cm. and shoot 

length of IS1 was 29 cm while control was 26 cm.
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Discussion

     Chitosan, a biopolymer obtained by deacetylation of chitin from the cheapest sources like shell of crustaceans. Marine environment 
is diverse and rich source for microbes and bioactive compounds. For this reason, marine sample was collected and from that total 12 
isolates were obtained on Zobell’s medium. These isolates were screened for chitin deacetylase activity and all the 12 isolates were 
found to be chitin deacetylase positive. The extracted chitosanand subjected to FTIR analysis and the peaks were matched with stan-
dard chitosan peaks. Isolates IS1, IS3, IS4, and IS5 were found to be chitosan positive. These obtained chitosan from different isolates 
was further used for synthesis of chitosan bionanocomposite. 

     Zinc nanoparticles were obtained from Aspergillus spp. and were characterized by UV-Visible spectrophotometer. The sample shows 
absorption spectra at 295 nm. 

     Bionanocomposite was synthesized by equivalent mixing of both the compounds. The obtained solution was characterized by UV-Vis 
spectrophotometry. The spectrum for bionanocomposite was obtained in-between 290-300nm. This bionanocomposite was loaded 
with nitrogen, phosphorous and potassium as source for plant growth. The seed coating with chitosan bionanocomposite was carried 
out for both the germination paper and pot assay. The parameters related to seed growth i.e. germination percentage, seed vigor index, 
root length and shoot length were calculated.

     Due to soaking the seeds in the chitosan bionanocomposite the permeability of seed coat were increased, the stress hormones were 
synthesized and the germination rate and germination percentage for seed was increased with 25% as compared to control under 
salinity stress. While there is 20% increased root and shoot length was observed in test pot than in control. 

     Hence bionanocomposite was found to be natural, cheapest and efficient biofertilizer as compared to other fertilizers which en-
hances the plant growth by supporting the plant to release stress hormones as well as growth promoting factors in greater amount as 
compared to normal crop.
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