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Abstract 
Chitosan is a natural biopolymer which stimulates growth and increases yield of plants as well as induces the immune system of plants. The 
experiment was performed with randomized complete block design with four replications. Two treatments were done as follows: no 
chitosan application, seed soaking and foliar spraying with chitosan solution. The results showed that application of chitosan by seed 
soaking and three times foliar spraying significantly increased spinach yield over control. 100 ppm oligomeric chitosan show statistically 
significant differences when compared with the control. 
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1. Introduction 
Chitosan is a natural biopolymer modified from chitin, 
which is the main structural component of squid pens, cell 
walls of some fungi and shrimp and crab shells. Chitosan is 
inherent to have specific properties of being 
environmentally friendly and easily degradable. Bangladesh 
is a world-leading exporter of frozen shrimps. Therefore, 
there are abundant raw materials for chitosan production. 
Chitosan has a wide scope of application. With high affinity 
and non-toxicity, it does no harm human beings and 
livestock. Chitosan regulates the immune system of plants 
and induces the excretion of resistant enzymes. Moreover, 
chitosan not only activates the cells, but also improves its 
disease and insect resistant ability [1]. Chitosan has strong 
effects on agriculture such as acting as the carbon source 
for microbes in the soil, accelerating of transformation the 
process of organic matter into inorganic matter and 
assisting the root system of plants to absorb more nutrients 
from the soil. Chitosan is absorbed to the root after being 
decomposed by bacteria in the soil. Application of chitosan 
in agriculture, even without chemical fertilizer, can increase 
the microbial population by large numbers, and transforms 
organic nutrient into inorganic nutrient, which is easily 
absorbed by the plant roots [2, 3]. The objectives of this 
study were to determine appropriate applications for 
increasing spinach yield. 

2.  Materials and Methods 
The experiment was done with randomized complete block 
with four replications. The treatments were Tr 1 no chitosan 
application (control), Tr 2 seed soaking and foliar spraying 
with oligomeric chitosan solution. Each experimental plot 
size was 3×3 m2. Spinach seeds cv. Lal Teer seed company  
were soaked in oligomeric chitosan solution at the 
concentrate of 100 ppm for 24 hours before planting for Tr 
2 whereas spinach seeds in the control treatment were 
soaked in distilled water. For treatment 2, three different  
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concentrations used in this experiment that is 50, 75 and 
100 ppm oligomeric chitosan and three times foliar sprayed 
after germination. In the control treatment only water 
sprayed. The seed rate was 7.5kg/hector and the replication 
was 3. Plant height, leaf length, leaf width, no. of leaves 
and yield were recorded at harvesting time. All data were 
subjected to analysis of variance according to the 
experimental design used in this study and least significant 
difference (LSD) was utilized to compare the different 
means of treatment.  

3. Results and Discussion 
Growth 
3.1 Plant Height 
Plants heights were influenced by varying methods of 
application. Seed soaking in chitosan solution before 
planting tended to stimulate plant height and also increase 
the plant height with increasing the concentration of oligo-
chitosan. Plant height of spinach on control is 24.2 cm, 
whereas with increasing the concentration of oligo-chitosan 
50, 75 and 100 ppm the plant height were 31.4 cm, 34.3 cm 
and 43.1 cm respectively (Table1).  

Table 1. Effect of different levels of oligo-chitosan on 
some morphological characters and yield in spinach 

Treatments Plant 
height 
(cm) 

No. of 
leaf 

/plant 

Leaf 
length 
(cm) 

Leaf 
width 
(cm) 

Yield 
(ton/hector) 

Control 24.2 c 10.6 c 20.9 c 10.5 d 6.6 c 
50 ppm 31.4 b 13.7 b 26.4 b 13.9 c 10.1 b 
75 ppm 34.3 b 14.1 b 29.0 ab 16.3 b 12.0 b 

100 ppm 43.1 a 16.3 a 31.3 a 18.1 a 18.0 a 

3.2 Leaf Length  
Leaf length of spinach plants was significantly different 
from treatments with control. However, soaking the seeds 
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in chitosan solution before planting and soil application 
four times tended to show the maximum value of leaf 
length over the control. Leaf length of spinach on control is 
20.9 cm, whereas as with increasing the concentration of 
oligomeric chitosan 50, 75 and 100 ppm the plant heights 
were 26.4 cm, 29.0 cm and 31.3 cm respectively (Table1) 
that corresponds to the study [4] that chinese cabbage seeds 
incorporated with chitosan at the rate of 0.4-0.6 mg/g of 
seed followed by foliar spraying at 20-40 mg/l reacted with 
increased plant height and leaf area of chinese cabbage 
plants. 
3.3 Leaf Width  
On control, the average leaf width is 10.5cm whereas with 
50, 75 and 100ppm oligomeric chitosan the average leaf 
widths are 13.9 cm, 16.3 cm and 18.1 cm, respectively 
which indicates that leaf width of spinach plants increase 
with increasing the concentration of oligomeric chitosan.  
3.4 Leaf Numbers Per Plant 
Leaf number per plant increased with increasing the 
concentration of oligo chitosan. The maximum leaf 
numbers obtained from 100 ppm chitosan solution.  A 
similar result [5] showed that node and branch numbers of 
soybean increased after application of chitosan in the soil. 
Ohta, et al. [6] also reported that the application of soil 
mixed with chitosan 1%w/w at sowing remarkably 
increased flower numbers of Eustoma grandiflorum.  
3.5 Yield  
The maximum yield has achieved by applying 100 ppm 
oligo chitosan. The average yields were 18 ton/hector on 
100 ppm oligo-chitosan, whereas the control was 6 
ton/hector. The statistically significant differences were 
detected among treatments. This result could explain that 
application of chitosan by incorporation in soil showed the 
maximum yield since chitosan- availability periods in soil 
were longer than those of foliar spraying. Moreover, 
chitosan had positive ionic charges which chemically bind 
with plant nutrients that showed a negative ionic charge 
resulting in a slowly released action in spinach plants which 
closely contributed to yield increasing. There were many 
reports supporting this result such as the report Krivtsov et 
al. [7] found that panicle numbers and yield of wheat 
(Triticum aestivum L.) were increased after application of 
polymeric or oligomeric chitosan.  

 

 

 

 

 

 

 

4.  Conclusion 
This study implies that application of 100 ppm polymeric 
chitosan by seed soaking before planting and 100ppm foliar 
spray oligomeric chitosan tended to stimulate growth and 
significantly increased three spinach yields over control.   
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